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ADDENDtIM No. 1
to

V olum e I  o f  th e  D o cu m en ts  

o f  th e  V ll th  P len a ry  A ssem bly o f  th e  C .C .I.R .

L o n d o n , 1953

N o te  by D irector, C .C .L R .

T he m eeting  o f  C .C .L R . S tudy  G ro u p  N o . IX , w hich  to o k  p lace  in  G eneva fro m  
10th to  22nd  S ep tem ber 1954, p ro p o se d  th a t th ree  new  Q uestions sh o u ld  be s tu d ied  by 
th e  C C .I .R .

In  th e  absence o f  ap p ro v a l by  a  P lenary  A ssem bly, th e  a d m in is tra tio n s  o f  M em bers 
a n d  A ssociate  M em bers  o f  th e  I .T .U . have been  co n su lted  by  p o s t a n d  th e  a p p ro v a l o f  
m o re  th a n  the  necessary  tw elve h as been  o b ta in ed  (See A rt. 7, § 2 o f  th e  B uenos 
A ires C onven tion). T hese th ree  Q uestions thus becom e officially C .C .L R . Q uestions 
a n d  th e  D irec to r  h as  a llo ca ted  th em  to  S tudy  G ro u p  N o . IX  as Q uestions N os. 113 (IX ), 
114 (IX ) an d  115 (IX ). T h e  tex t is g iven overleaf fo r in se rtio n  in  V olum e I. T h e  necessary  
ad d itio n s  sh o u ld  be  m ad e  in  th e  m idd le  o f  page 18 a n d  a t th e  b o tto m  o f  page  382.

This opportun ity  is taken  to draw  a tten tion  to the fo llo w in g  e rra ta :

p. 8 1st para., 2nd line, for ‘ 373 ’, read 272
p. 157 1st line of. para. 1 of Recommendation, for ‘ 71 ’, read 125
p. 216 Last line, for ‘ 64 (VI) ’, read 63 (VI)
p. 302 1st footnote, for ‘ 45 (III) ’, read 44 (III) and for ‘ 46 (III) ’, read 45 (III)
p. 350 Last line but four, for ‘ 111 ’, read 135
p. 359 U nder Question N o. 66  (XI), for ‘ (Geneva, 1953) read (Geneva, 1951).



ADDENDUM No. 2
to

V o lum e I  o f  the  D o cu m en ts  

o f  the  V l l th  P len a ry  A ssem bly  o f  the  C .C .L R . 

L o n d o n , 1953

N o te  by  D irector, C .C .L R .

(1) A s no tified  in  C .C .L R . A d m in is tra tiv e  C ircu la r N o . A C /24  o f  22 n d  F e b ru a ry  
1955, m o re  th a n  th e  necessary  tw elve M em bers a n d  A ssociate  M em bers o f  the  I .T .U . 
h av e  a p p ro v e d  the  a d o p tio n  o f  th e  new  S tu d y  P ro g ram m e en titled  “ T ro p o sp h eric  
p ro p a g a tio n  across m o u n ta in  ridges ” . By ana logy  w ith  A rt. 7, p a ra . 2 o f  the  B uenos A ires 
C o n v en tio n  th is S tudy  P ro g ram m e th u s  becom es officially a C .C .L R . S tudy  P ro g ram m e 
a n d  th e  D irec to r  has a lloca ted  i t  to  S tudy  G ro u p  N o . V  as S tudy  P ro g ram m e N o . 79 (V). 
T he tex t is given overleaf fo r  in se rtio n  in  V olum e I. T he necessary  ad d itio n s shou ld  be 
m ade  in  the  m idd le o f  page 20 an d  n e a r  th e  to p  o f  p age 381.

(2) T h e  X V IIth  P len a ry  A ssem bly  o f  th e  C .C .I.F . has su b m itte d  tw o new  questions 
to  th e  C .C .I.R . fo r  s tu d y  (also  in  acco rd an ce  w ith  A rt. 7, p a ra . 2 o f  th e  B uenos A ires 
C onven tion ). T hese tw o q u estio n s th u s  becom e officially C .C .L R . Q uestions an d  as 
N os. 116 (IX ) a n d  117 (X I) th e  D irec to r  h as  a llo ca ted  them  respectively  to  S tudy  G ro u p  
N o . IX  (G en era l techn ical questions) an d  S tudy  G ro u p  N o . X I (Television). T he tex t is 
given o v erlea f fo r  in se rtio n  in  V olum e I. T he  necessary  add itions shou ld  be m ade in  the 
m idd le  o f  page  18, a t  the b o tto m  o f  page  382 an d  n e a r  th e  to p  o f  page 384.

(3) C .C .I.R . R eso lu tio n  N o . 10 envisaged th e  ex tension  to  d istances above 2000 km . 
o f  th e  C .C .I.R . p ro p a g a tio n  curves fo r  frequencies below  300 kc/s. T his w o rk  h as  now  
been  co m p le ted  in  th e  C .C .I.R . S ecre taria t a n d  the  new  curves have  been sen t to  the
I .F .R .B . T h e  p resen t o p p o rtu n ity  is ta k e n  to  m ake  them  generally  availab le .

This opportun ity  is taken  to draw  a tten tion  to the fo llow ing  e rra ta :

p. 156 under the title of Recommendation No. 124, for ‘ (Question No. 56) ’, read ‘ (Question
No. 57) ’ ;

p. 280 footnote—the third word—for ‘ Recommendation ’, read ‘ Resolution ’ ;
p. 307 under the title of Question No. 43 (III) *, delete ‘ (Study G roup No. I ll)  ’ ;
p. 362 in the fifth line of the question, after the word ‘ polarization ’ insert ‘ ? ’.
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ADDENDUM No. 3
to

V olum e I o f  th e  D ocum en ts  

o f  th e  V llth  P lenary  A ssem bly  o f  the C .C .I.R .
(L o n d o n , 1953)

N ote by D irec to r C .C .I.R .

T he m eetings o f  C .C .I.R . S tudy  G ro u p s N os. I an d  X I, w hich  to o k  place in  Brussels 
fro m  22nd  M a rc h  to  6 th  A pril 1955, p ro p o sed  som e new  Q uestions an d  S tudy  P ro 
g ram m es fo r  s tu d y  by th e  C .C .I.R .. O f the A d m in is tra tio n s o f  M em bers o f  the I .T .U . 
p resen t a t these m eetings twelve have requested  th a t these Q uestions an d  S tudy  P ro 
g ram m es sh o u ld  be s tu d ied  (See A rt. 7, § 2 o f  the B uenos A ires C onven tion ), an d  
acco rd ing ly  they  becom e officially C .C .I.R .. Q uestions an d  S tudy  P rogram m es. The 
D irec to r  has a llo ca ted  th em  to  S tudy  G ro u p  N o . X I as in d ica ted  a t the  h ead  o f 
each  Q uestion  o r S tudy  P rog ram m e. T he texts are given o v erleaf fo r  in se rtio n  in  
V olum e I. T he necessary  ad d itio n s  shou ld  be m ade in  the m iddle o f  pages 18 an d  20 an d  
n ea r th e  to p  o f  page 384.

S tudy  G ro u p  N o . X I reco m m en d ed  som e re -a rra n g em e n t o f  its  w o rk  to  tak e  p ro p e r 
ac co u n t o f  the  p re se n t em phasis on  s ta n d ard s  fo r co lo u r te lev ision  an d  ce rta in  o f  the 
Q uestions an d  S tudy  P ro g ram m es are in te n d ed  to  rep lace  ex isting  Q uestions an d  S tudy 
P ro g ram m es. N ew  n u m b ers  have been  given to  the  new  Q uestions an d  S tudy  P ro 
g ram m es. I t  w ill rem a in  fo r  the V U Ith  P lenary  A ssem bly  o f  the  C .C .I.R . to  decide, w here 
necessary , on  th e  ca n ce lla tio n  o f  existing  ones.



M E E T IN G S  O F  S T U D Y  G R O U P S  Nos. I  A N D  X I

(Brussels, 1955)

D R A F T  R E P O R T S

N ote by D irec to r C .C .I.R .

T he first d ra f t rep o rt, th e  tex t o f w hich is given below  ( F re q u e n c y  s ta b i lis a t io n  o f  

t r a n s m it t e r s ) , was d raw n  up  by S u b -G ro u p  I-B (D oc. N o . 100) d u rin g  the  m eetings 
o f  C .C .I.R . S tudy  G ro u p s  N os. I  an d  X I in  Brussels, 1955. T his d ra f t  re p o r t was
a p p ro v e d  by S tudy  G ro u p  N o . I  a t its  8 th  session.

T h e  second  d ra f t rep o rt, the  tex t o f  w hich is also  given below  ( R e q u ir e m e n ts  f o r  

th e  tra n sm is s io n  o f  te le v is io n  o v e r  long, d is ta n c e s ) , w as d raw n up  by S u b -G ro u p  N o . X I-B  
(D oc. N o . 91) d u rin g  the  m eetings o f  C .C .I.R . S tudy  G ro u p s  N os. I  an d  X I in  B russels, 
1955. This d ra f t  re p o r t was u nan im ously  ap p ro v ed  by S tudy  G ro u p  N o . X I a t  its 
5 th  session.

T hese tex ts have n o t yet been  subm itted  to  a P lenary  A ssem bly an d  th e re fo re  
c a n n o t be  considered  as official C .C .I.R . R ep o rts .

N evertheless, as they  co n ta in  in fo rm a tio n  w hich, a lth o u g h  p rov is iona l, m ay  be 
very  usefu l to  C .C .I.R . m em bers (as well as to  the  C .C .I.F . in  the case o f  th e  seco n d  
d ra f t rep o rt) , the  D irec to r  o f  th e  C .C .I.R ., in  ag reem en t w ith  the  C h a irm en  o f  S tu d y  
G ro u p s  N os. I  a n d  X I, has th o u g h t i t  adv isab le  to  p u b lish  th e  texts o f  these tw o 
d ra f t rep o rts  as p a r t  o f  A d d en d u m  N o. 3 to  L o n d o n  V olum e I ;

T he second  d ra f t re p o r t m u st be considered  as a  rev ision  o f  the  d ra f t re p o r t  on 
page 268 o f  L o n d o n  V olum e 1.

G eneva, 1st Ju ly  1955.

-- 272a --
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INTRODUCTION

The International Radio Consultative Committee (C.C.I.R.) held its V llth  Plenary Assembly 
in London from  3rd September to 7th October 1953. It was attended by about 330 delegates, 
representatives, experts and observers from some 40 countries Members of the LT.U., 16 recognized 
private operating agencies, 5 scientific or industrial organizations and 7 international organizations.

A t the same time all the fourteen Study Groups of the C.C.I.R. held meetings in London 
and the Plenary Assembly adopted 58 Recommendations, 22 Reports and 10 Resolutions put 
forward by the Study Groups.

The programme of work for the next three years was also established. I t consists of 
39 Questions and 40 Study Programmes dealing with all [aspects of radiocommunication including 
problems of the transmission, propagation and reception of electromagnetic waves which arise 
in the operation o f all radio services.

This volume contains all the texts mentioned above, as well as all the texts adopted during 
the two preceding Plenary Assemblies which still remain valid. Hence it forms a complete 
collection of the texts of the C.C.I.R.

The two preceding Plenary Assemblies of the C.C.LR. took place in Stockholm in July 1948 
(Vth C.C.LR. Plenary Assembly) and Geneva in June/July 1951 (Vlth C.C.LR. Plenary Assembly), 
respectively.

During its last meeting the V llth  Plenary Assembly of the C.C.I.R. accepted unanimously 
and by acclamation an invitation from the Administration of the People’s Republic of Poland 
to hold the VUIth Plenary Assembly "of the C.C.I.R. in Warsaw.
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o f the Recommendations, Reports, Resolutions, Questions and Study Programm es
of the C .C .LR.

The following definitions of Recommendations, Resolutions and Questions are those .which 
appear in Doc. No. 373 of Geneva (Drafting Committee). The definition given for Study 
Programmes is that which appears in Doc. No. 630 of London (Drafting Committee). The defini
tion given for Reports is that which appears in Doc. No. 731 of London (U.S.A.) modified-by 
the addition of the words “ by a Study Group ” .

Recommendation . Statement issued when the study of a Question, or part of a Question, has 
been concluded.

Report Statement on the studies carried out by a Study G roup on a given subject,
for information.

Resolution Statement of an opinion of the C.C.LR. on a  non-technical subject.
Question Statement of a technical problem which the C.C.I.R. is to consider.
Study Programme Text describing the work to be done on a given technical problem forming

the subject of a Question.

DEFINITION

N U M B E R IN G

of the Recommendations, Reports, Resolutions, Questions and Study Programm es
o f the C .C .I.R .

The Recommendations, Reports, Resolutions, Questions and Study Programmes of the 
C.C.LR. are numbered consecutively in five series, each starting a t No. 1.

The series .of Recommendations, Questions and Resolutions were started at the V th Plenary 
Assembly (Stockholm, 1948).

The series of Reports and Study Programmes were started at the V lth Plenary Assembly 
(Geneva, 1951).

The Questions and Study Programmes remaining for study after the V llth  Plenary Assembly 
(London, 1953) carry in Rom an figures after the serial number, the number of the Study G roup 
to which they have been submitted respectively.

The following table serves as a guide to the numbering of C.C.I.R. documents :

Plenary Assembly 
of C.C.I.R.

Recommendation
No.

Report
No.

Resolution
No.

Question
No.

Study Programme 
No.

Vth
Stockholm (1948) 1 to 35 Nil 1 and 2 1 to 33 * N il

Vlth  
Geneva (1951) 36 to 85 ** 1 to 15 3 to 9 46 to 73 1 to 38

V llth  
London (1953) 87 10 144 . 16 to 37 10 to 19 74 to 112 39 to 78

■"•Questions No. 34 to 45 were subm itted'to the C.C.I.R. between the Vth and V lth Plenary Assemblies.
** Recommendation No. 86 was issued after the meeting of Study Group No. X of the C.C.I.R. held at .Geneva, 1952.



G E N E R A L LA Y -O U T IN  T H IS V O L U M E

o f the Recommendations, Reports, Resolutions, Questions and Study Programmes
of the C .C .I.R .

The Recommendations, Reports, Resolutions, Questions and Study Programmes of the
C.C.I.R., the texts of which appear in this volume, are those which have been approved by the 
V llth  Plenary Assembly of the C.C.I.R., together with those which, approved by the Vth and 
V lth Plenary Assemblies, have been retained.

The Recommendations, Reports and Resolutions are arranged in numerical order.
The Questions and Study Programmes are grouped together and arranged in the numerical 

order of the Study Groups. F or each Study Group the Questions are laid out in numerical order,- 
each being followed by the Study Programme or Programmes to which they are related. Study 
Programmes which are not the result of a Question are indicated by a Note. . ,

Questions submitted to the C.C.I.F. and C.C.I.T. form the subject of a separate chapter.
References to  the texts, if  any, forming the basis of Recommendations, Reports, Resolutions, 

Questions and Study Programmes, are given below the title. On the right, under this reference, 
is shown the Plenary Assembly or Assemblies which have approved or subsequently modified 
the text.

Mention is made in a footnote, when the occasion arises, of the text or texts which have 
been replaced by the text in question ; in the case of Questions, the Study Programmes are shown 
which arise from  i t ; and in the case of Study Programmes, mention has been made, where 
possible, of the Question to which they refer.

O RIG IN

of certain documents referred to in this volume

The documents referred to in this volume as “ Stockholm ” , “ Geneva ”  and “ London ” , 
are respectively the documents of the Vth, V lth and V llth  Plenary Assemblies of the C.C.I.R., 
held in Stockholm in 1948, Geneva in 1951 and London in 1953.

The documents referred to in this volume as of “ Mexico ”  and “ Florence/Rapallo ” , are 
respectively those of the High Frequency Broadcasting Conferences of Mexico City (1948/49) 
and of Florence/Rapallo (1950). .

Other documents referred to in this volume are the documents of the meetings of certain 
Study Groups of the C.C.I.R. The following list of the meetings of these Study Groups is 
given for information :

Meeting o f Study Group N o. XI 
M eeting of Study Groups Nos. VI and X  
M eeting o f Study Group N o. XI
M eeting of Sub-group Gerber o f Study Group N o. XI 
Meeting of Study Groups Nos. I and 111 
Meeting of Study Groups N os. V, VI and XI 
Meeting of Study Group N o. X

Zurich (July 1949) 
W ashington (March 1950) 
London (M ay 1950) 
Geneva (July 1950)
The Hague (April 1952) 
Stockholm (M ay 1952) 
Geneva (August 1952)



C O M P L E T E  L IS T  O F  R E C O M M E N D A T IO N S  O F  T H E  C .C .L R .

No. Page
1 Replaced, together with Recommendation No. 43, by  Recommendation No. 97.
2 Replaced by Recommendation No. 41.
3 Replaced by Recommendation No. 36.
4 Replaced by Recommendation No. 42.
5 Cancelled.
6 Cancelled.
7 Cancelled.
8 Cancelled. -
9 Cancelled.

10 Cancelled.
11 Cancelled.
12 Cancelled.
13 Cancelled.
14 Cancelled. .
15 Cancelled.
16 Cancelled.
17 This Recommendation became Question No. 48. This Question no longer remainj  for

study.
18 This Recommendation became Question No. 54. This Question no longer remains for

study.
19 Organization o f an international monitoring s e r v i c e .......................................................... 27
20 Accuracy o f frequency measurements in m onitoring stations  ...................................... 28
21 Cancelled.
22 F orm , o f report for frequency and field-strength measurements made at monitoring

sta t io n s .......................       29
23 Signals M A Y D A Y  and P A N  .     30
24 This Recommendation became Question No. 56. This Question no longer remains fo r

study.
25 This Recommendation became Question No. 58. This Question no longer remains for

study.
26 Cancelled.
27 M ethods o f measurement and limits o f tolerances for interference caused to broadcasting •

by electrical in s t a l la t io n s ..................................................................................................... ' .  . . 30
28 High frequency broadcasting. Bandwidth o f  em issions.   31
29 This Recommendation has become Question No. 64 (X I).
30 Cancelled.
31 Cancelled.
32 U se o f simultaneous interpretation-        . 33
33 Regarding the m ethod o f dispatch o f reports by reporters o f Study Groups to the Group

Chairman and by the Group Chairmen to the Director o f the C .C.I.R. . . . . . .  34
34 Cancelled.
35 Cancelled.
36 This Recommendation has become Recommendation No. 87.
37 This Recommendation has become Recommendation No. 88.
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No. Page

38 This Recommendation has become Recommendation No. 89.

39 This Recommendation has become Recommendation No. 92.

40 Intercontinental radiotelephone systems, and use o f radio links in international telephone
c ir c u i t s ................................................................   34

41 This Recommendation has become Recommendation No. 94.

42 This Recommendation has become Recommendation No. 95.

43 Replaced, together with Recommendation No. 1 by  Recommendation No. 97.

44 This Recommendation has become Recommendation No. 99.

45 Avoidance o f interference from ships’ radar to other radio communication apparatus on
b o a r d ........................................................................................................................................................  36

46 This Recommendation has become Recommendation No. 102. ,

47 Lim itation o f the power o f transmitters in the tropical zone to avoid interference in the
bands shared with tropical broadcasting .................................................................................  37

48 Choice o f frequency to avoid interference in the bands shared with tropical broadcasting 38

49 Choice o f site o f  stations and type o f antenna to avoid interference in the bands shared
with tropical broadcasting.......................................................    39

50 This Recommendation has become Recommendation No. 138.

51 This Recommendation has become Recommendation No. 109.

52 Ground wave propagation curves below 10 M c / s ................................................................................ 40

53 Cancelled:

54 Definitions o f  terms relating to propagation in the troposphere ...............................................  52
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S T A T E M E N T S  M A D E  BY C E R T A IN  C O U N T R IE S  O N  T H E  S U B JE C T  
O F  T H E  A D O P T IO N  O F  T H E  T E X T S  C O N T A IN E D  IN  T H IS  V O L U M E

In the fo llow in g  T able are show n, for each line, corresponding to  one or m ore texts, the  
countries w hich have reserved their op in ion  on, or have n ot accepted the text or texts.

This is ind icated  by m eans o f  a letter w hich appears in the co lu m n relative to  the country. 
The letters signify the fo llow in g  : .

R  : this country has stated that it reserves its op in ion  o n  the subject o f  the text or texts in
question .

N  : this country has stated that it does n o t accept the text or texts in question .
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Recommendations. No. 19 1 N N  ' N N N  . N N
20 2 R
27 R R N R R
28 3 N N N N N N N N

47, 48, 49, 52, 59 R R R R R R R R
67 N N ' N. N N N N N

' 7 2 ,  73, 77, 80 R R R R R R R R
82 N N N N N N . ,:n ;N
83 R R R R R R R R
84 4 R R R R R
87 N N N N N N N N

91, 92 R R R R R R R R
94 R R R R
95 R R R R R
96 R R R
98 R R R R R
99 N N N R N N N N

100 R R R
101 N N N • N N
102 R R R R
103 R R R
104 R R R R R R R R
105 N N N N N N N N
108 R R R

109, 111 R R R R R R R R
115 R R R R R

1 The Federal People’s Republic of Yugoslavia has also stated that they do riot accept Recommendation No. 19
2 This Recommendation was unanimously agreed in Stockholm where the Roumanian P. R. was represented. 

Later, at the London Plenary Assembly, the delegate of the Roumanian P. R . stated that they reserved their opinion on 
the subject of this Recommendation.

3 The People’s Republic o f Albania and the Federal People’s Republic of Yugoslavia also stated that they do not 
accept Recommendation No. 28.

4 Australia, Egypt, India and the Union of South Africa have also stated that they reserve their opinion on the 
subject of Recommendation No. 84.
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Recommendations No. 119 R R R R R R R R
(contd.) 120 N  ' N N N N N N N

121 N N N N N N ' N
122 N N N N N N
123 R R R R R R R
131 1 R
132 R R R R R

133; 134, 135 N N N N' N N N N
138 N R N N
139 R R R R
140 R
143 R R R R

Questions No. 64 (X I )2 R R R R R R R R
67 (XI) R
69 (XII) R R R R R R R R
81 (III) R
87 (VII) R R R R R R
88 (VIII) R R R R R R R
98 (X) N N N • N N

102 (XII) • R
104 (IX) R
106 (XIII) R R R
107 (XIII) N N N N N N

Study Programmes No. 2 (I) R R R R R R R R
56 R R R R R R R
63 (VI) R R R
65 (VI) R R R R R R
67 (VI) • N N N N N N
68 (VII) R R R R R R
70 (VIII) R R R R
71 (X) R R R R R R R
74 (X) R R R R R
77 (XII) R
78 (XIII) R R R R

Reports No. 3, 9 . N N N N N n ‘ N N
13 R R R R R R R R

27, 34 R R R R
36 R

Resolutions No. 10 R R R R
11 * R R R R R R R R
16 * R R R R R
19 N N N N N  ' N  _ N N

1 France has also stated that they reserve their opinion on Recommendation No. 131.
2 The People’s Republic o f Albania and the Federal People’s Republic o f Yugoslavia also stated that they reserve

their opinion on the subject of Question No. 64.
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R E C O M M E N D A T IO N  N o . 19

O R G A N IZ A T IO N  O F  A N  IN T E R N A T IO N A L  M O N IT O R IN G  S E R V IC E

T he C .C .I.R ., (S tockholm , 1948)

CONSIDERING':

fa )  T hat the rapid supply o f  accurate m onitoring inform ation, on  a w orld-w ide scale, is essential 
to  the I.F .R .B . in  the efficient perform ance o f  its duties, and to  adm inistrations in  the effective  
contro l o f  their radio services ;

(b )  T hat such m onitorin g  inform ation  w ill be essentially required in respect o f  a vast num ber  
o f  radio stations o f  m any types, including those operating short-range services on  low  
pow er ; and that, in  such circum stances, a large num ber o f  m on itorin g  stations spread  
throughout the w orld  is necessary if  the required m easurem ents are to  be qu ick ly and accurately  
m ade ;

(c )  T hat the in form ation  at the d isposal o f  the C .C .I.R . show s that large and im portant areas 
o f  the w orld  are n o t at present provided w ith  m onitoring stations ; and that, in consequence, 
the I.F .R .B . w ill have great difficulty in obtain ing full and proper in form ation  from  these  
areas, and especia lly  from  the tropical regions where, on  accou nt o f  the h igh  levels o f  
atm ospheric n o ise  and the large num ber o f  low -pow er services in operation , the effective  
coverage o f  any ind ividual m onitoring stations is likely to  be sm all ;

(d )  T hat in Art. 18 and A pp. C  o f  the R ad io  R egulations o f  A tlan tic  C ity (1947), it is recognised  
that certain stations m ay n o t participate in  the w hole  field o f  m onitoring but m ay operate  
only  w ithin  a lim ited  part o f  that field ;

(e )  T hat, ow ing  to  the different characteristics o f  transm itters and the different techniques and  
operating procedures em ployed  in the various types o f  radio services, it w ou ld  be advantageous  
for  the I.F .R .B . to  receive regularly the results o f  m easurem ents by specialised  m onitoring  
stations operated by personnel experienced in the type o f  service concerned ;

( f )  T hat, in  particular, the radio stations o f  the m obile services, due to  the special character o f  
their exp lo ita tion  and  to  the vital im portance o f  certain categories o f  these  stations for the  
safety o f  life at sea and in the air, should  be system atically m onitored  and the results o f  the  
m easurem ents transm itted to  the I.F .R .B . ;

(g )  T hat the exchange o f  requests for, and the results o f  m easurem ents w ou ld  be greatly facilitated  
i f  a single national centralizing office were designated in each  country participating in a 
w orld-w ide service o f  m onitoring, in conform ity  w ith  the provisions o f  Art. 18 o f  the R ad io  
R egulations o f  A tlan tic  C ity (1947) ; that on the one hand a uniform  distribution , betw een

• the m onitoring stations o f  any country, o f  requests em anating from  the I .F .R .B . and from  
adm inistrations and o f  actual m easurem ents, and that on the other hand the d istribution  o f  
actual m easurem ents to  the I.F .R .B . and to  those adm inistrations w ou ld  be facilitated  through  
the agency o f  a  single nationa l centralizing office, thereby reducing the p ossib ility  o f  over
load ing  certain m onitorin g  stations and thus affording the possib ility  o f  expediting the  
clearance o f  harm ful interference ;

RECOMMENDS :

1. T hat adm inistrations, recognized private operating agencies, and international organizations- 
should  participate forthw ith  in the establishm ent o f  a coordinated , w orld-w ide, m onitoring  

_ service ;

i
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2. T hat adm inistrations, recognized private operating agencies, and international organizations  
in  the regions o f  the world where few , or n o , m onitoring stations at present exist, particularly  
in the tropical regions, should  endeavour, as far as they are able and as so o n  as possib le, 
to  establish such stations in order to  ensure efficient m onitoring not on ly  o f  long-distance  
but o f  short-d istance transm issions and w ith  a view  to  the operation o f  n ot less than six  
m onitoring stations suitably distributed in  each  c o n t in e n t ;

3. T hat som e m onitoring stations be principally devoted to  the m onitoring o f  m obile  service  
transm issions and that their locations be chosen  w ithin  the regions o f'th e  w orld  where the  
density o f  such transm issions is the greatest and where harm ful interference is m ost likely  
to  be experienced ;

4. T hat the adm inistrations o f  each country should  designate, as far as they deem  it possib le  
and at an early date, a single national centralizing office for the exchange o f  all requests and  
inform ation relating to  the m onitoring service ;

5. T hat , the atten tion  o f  the adm inistrations is drawn to  the need for rapid com m unications  
betw een the I .F .R .B . and the centralizing offices, between centralizing offices and between  
individual centralizing offices and the ind ividual m onitoring stations under their control.

R E C O M M E N D A T IO N  N o . 20 

A C C U R A C Y  O F  F R E Q U E N C Y  M E A S U R E M E N T S  IN  M O N IT O R IN G  S T A T IO N S

T he C .C .I.R ., (S tockholm , 1948)

CONSIDERING I

(a )  T he requirem ents o f  the I.F .R .B . in respect o f  the necessary frequency m easurem ents for  
the efficient perform ance o f  its duties ;

( b)  T he g en era l' availability o f  su itable m onitoring equipm ents for frequency m easurem ents ;

( c) T he desirability that the error o f  frequency m easurem ent shall n o t exceed one-ten th  o f  the  
tolerance specified in Col. 3 o f  the A tlantic  C ity table o f  frequency tolerances (App. 3 to  the

. R ad io  R egulations o f  A tlantic City, 1947) ;

UNANIMOUSLY RECOMMENDS t .

That m onitoring equipm ents and procedures used shall be such that frequency m easurem ents 
shall be m ade w ith an accuracy better than that specified in the fo llow in g  table :

Type of measurement | Accuracy

(a) Measurement o f the frequencies o f stations, 
excluding broadcasting stations, operating 
in the band 10 kc/s - 4000 kc/s

± 5  parts in 106
(or where this would be less than ± 2  c/s to 
an accuracy within ± 2  c/s

(b) Measurement of the frequencies o f  broad
casting stations operating in the band 
10 kc/s - 4000 kc/s

-j~ 2 c/s

( c) Measurement o f the frequencies o f stations 
operating in the band 4000 kc/s - 50 Mc/s ± 2  parts in 106
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R E C O M M E N D A T IO N  N o. 22

F O R M  O F  R E P O R T  F O R  F R E Q U E N C Y  A N D  F IE L D -S T R E N G T H  
M E A S U R E M E N T S  M A D E  A T  M O N IT O R IN G  S T A T IO N S

T he C .C .I.R ., (Stockholm , 1948)

CONSIDERING :

T he desirability o f  uniform ity in furnishing m onitoring data ;

UNANIMOUSLY RECOMMENDS :

1. T hat the form  used in reporting frequency m easurem ents should  contain , at least, the fo llow in g  
data :

(a )  Serial n u m b er;
(b )  Identification o f  the m onitoring station  (adm inistration or organization  and location) ;

(c )  D a te ;

(d )  T im e (G .M .T .) ;
(e )  C all letters and /or other m eans o f  identification o f  the m easured station  ;

( f )  C lassification o f  em ission  ;

(g )  A ssigned  frequency or reference frequency.;

(h ) F requency tolerance ;

( i)  M easured frequency ; .

( j)  A ccuracy o f  m ea su rem en t;

(k )  D ev ia tio n  from  assigned or reference frequency ;

(I) A d d ition al observations (e.g. period  covered by m easurem ent, drift o f  m easured frequency  
during that period , quality o f  signal and cond itions o f  reception , etc.) ;

(m )  R em arks ;

(n )  Signature o f  responsib le official o f  the adm inistration or organization ;

2. T hat the form  used  in reporting field-strength m easurem ents should  contain , at least, the  
fo llow in g  data :

(a )  Serial n u m b er;

(b )  Identification o f  the m onitoring station (adm inistration or organization and location ) ;

( c )  D a te  ;

(d )  T im e (G .M .T .) ;

(e )  ' Call letters and /or  o ther m eans o f  identification o f  the m easured station  ;

( f )  C lassification  o f  em ission  ;

(g )  A ssigned  frequency ;

(h )  V alue o f  m easured field ;

( i )  E stim ated accuracy o f  m easurem ent;

( j )  Polarization  c o m p o n e n t;

( k )  O ther elem ents or characteristics o f  the m ea su rem en t;

(I) R em arks ;
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(m )  Signature o f  responsib le official o f  the adm inistration or organization ;

3. That the I.F .R .B . should  study the form s to  be universally used in furnishing the foregoing  
data.

R E C O M M E N D A T IO N  N o . 23

S IG N A L S  M A Y D A Y  A N D  P A N  

T he C .C .I.R ., (S tockholm , 1948)

CONSIDERING I

(a )  That the results o f  the tests presented to the C .C .I.R . by the various adm inistrations and the  
interpretation and discussions thereon, relating to  the question  o f  changing the radiotelephone  
distress signal M A Y D A Y  and the radiotelephone urgency signal P A N  indicate that som e  
technical advantage m ay be gained in using SO S instead o f  M A Y D A Y  as the distress 
s ig n a l;
T hat n o  such advantage, on  the other hand, appears in the proposed  use o f  U R G E N T  
instead o f  P A N  ;

(b )  That, from  the operational poin t o f  view , the signal SO S is used  in radiotelegraphy and is 
know n to  laym en as well as to persons in  the field o f  com m u nication s throughout the world  
as the distress signal ;

(c )  That, from  the operational po in t o f  view, the association  w ith the sp oken  signal SO S o f  an  
aurally recognizable signal, as proposed in  A tlantic C ity R ecom m end ation  N o . 6 to  the  
C .C .I.R . (relative to  ensuring the w atch o n  the distress frequency 2182 k c /s  by the aid o f  
autom atic devices), w ill tend to  lessen any difficulty in changing from  M A Y D A Y  to  SO S ;

UNANIMOUSLY RECOMMENDS :

1. T hat the international radiotelephone distress signal sh ou ld  henceforth  consist o f  the three 
spoken letters S O S  instead o f  the spoken word M A Y D A Y  pronou nced  as the French  
expression “ m ’aider ” ; -

2. T hat the present international radiotelephone urgency signal P A N  be retained.

R E C O M M E N D A T IO N  N o . 27

M E T H O D S  O F  M E A S U R E M E N T  A N D  L IM IT S  O F  T O L E R A N C E S  
F O R  IN T E R F E R E N C E  C A U S E D  T O  B R O A D C A S T IN G  

BY  E L E C T R IC A L  IN S T A L L A T IO N S

T he C .C .I.R ., (S tockholm , 1948)

CONSIDERING :

(a )  That there is n o  need to  resum e within the C .C .I.R . the study o f  m eth ods o f  m easurem ent 
since this question  has already been entrusted to  the Special In ternational C om m ittee on  
R ad io  Interference (C .I.S .P .R .), founded  under the auspices o f  the In ternational E lectro
technical C om m ission  (C .E .I.) ;
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(b )  T hat the C .C .I.R . sh ou ld  keep  in regular contact w ith the C .I.S .P .R . and send a;representative  
to  the m eetings o f  th is latter C om m ittee ;

(c )  T hat in  v iew  o f  the im portance o f  the w ork undertaken by the various countries since the  
last m eeting o f  the C .I.S .P .R ., and w hich still rem ains unpublished, a detailed study o f  the  
results obtained by that C om m ittee cannot be usefu lly  carried out at this m eeting ;

(d )  T hat the m easuring equipm ent designed by the C .I.S .P .R . m ay prove usefu l for  the study o f  
disturbances other than  th o se  caused by electrical apparatus, for  exam ple by atm ospherics ;

(e )  T hat the m easurem ents should  be extended to  disturbances affecting a ll types o f  receivers 
constructed  according to  m odern transm ission  technique, especially  television  ;

( f )  T hat Bucharest R ecom m end ation  N o . 88 should  be extended to  all disturbances due to  
causes other than signals produced by transm itters ;

(g )  T hat in this respect, the m o st urgent problem  relates to  the disturbances affecting television  
receivers and caused particularly by other radio receivers, electrical ign ition  system s, industrial, 
scientific and m edical equipm ent producing hertzian radiations ;

(h )  T hat, in consequence, the m eans o f  m easurem ent is to  be extended to  all the frequency bands 
used for sou nd and visual broadcasting ;

( i)  T hat the w ork o f  the C .I.S .P .R . is directed according to  the four preceding paragraphs ;

( j)  T hat, w ith  regard to  the precautions to  be taken for electrical apparatus and installations  
and radio equipm ent, co llaboration  is essential betw een the adm inistrations and the organisa
tions representing electrical industry, on  the one hand, and broadcasting on  the other hand ;

RECOMMENDS :

1. T hat the C .I.S .P .R . m aintain  regular contact w ith the C .C .I.R . and adm it a representative  
o f  the C .C .I.R . to  its m eetings ;

2. T hat, i f  necessary, the C .I.S .P .R . take in  consideration  the suggestions by the C .C .I.R . 
regarding the relative urgency o f  the w ork carried out in various fields ;

3. T hat, in particular, C .I.S .P .R . pursue actively its w ork o n  interference caused to  television  
receivers by other receivers, ign ition  system s, and industrial, scientific and m edical equipm ent 
producing hertzian radiations.

R E C O M M E N D A T IO N  N o . 28

H IG H  F R E Q U E N C Y  B R O A D C A S T IN G
B A N D W ID T H  O F  E M IS S IO N S  *

The reasons which ju s tify  the fo llow in g  R ecom m endation are g iven  in annex  

• The C.C.I.R., (Stockholm, 1948)

RECOMMENDS :

1. That there is no evidence that, under the present day conditions, sensibly increased inter
ference between broadcasting stations is caused by the use of modulating frequencies between 
5000 and 6400 c/s, when the channel separation is 10 kc/s ;
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2. N evertheless recom m ends that broadcasting stations w itha ssigned frequencies near the edge  
o f  the bands allocated  to  broadcasting, should  be so  adjusted that none o f  the sideband  
frequencies fall outside the broadcasting bands.

A N N E X

L istening tests have been m ade in connection  w ith this investigation on the quality obtainable  
on short-w ave and the effect o f  reducing the frequency band occupied . F rom  the tests m ade it 
is considered that, although  there w ill be som e loss in aud io  frequency quality in  restricting the  
highest m odulating frequency to  6400 c/s, the loss is n o t serious. T ests have a lso  been m ade in  
further restricting the band o f frequencies to  5000 c/s. The lo ss o f  quality in this further restriction  
is quite noticeable.

T he principal causes o f  unsatisfactory reception o f  short-w ave signals in  decreasing order o f  
im portance are considered to be :

(a )  fading and particularly selective fading resulting in heavy distortion,

(b )  insufficient signal/noise ratio at the receiving point, 

fc j  heterodynes betw een carrier frequencies,

(d )  heterodynes between sidebands o f  different stations or betw een a sideband o f  one station
and the carrier o f  another, due to  sideband frequencies being transm itted.

In  the last case it has som etim es been foun d  that the actual difficulties arise m ore from  
harm onics and spurious radiations generated during the process o f  m odu lation  at the transm itter  
than from  the actual fundam ental m odulating frequency com ponents them selves. O f the above  
causes the first tw o are outside the scope o f  the present question . T he third cause w ill be elim inated  
w hen all stations m ove to fu lly  p lanned frequency allocations, while in  the case o f  the fourth  
cause, a considerable am ount o f  rem edy is in the hands o f  the listener, w h o can usually so  restrict 
the bandpass characteristics o f  h is receiver as to elim inate or reduce interference.

It w ou ld  be regrettable to  elim inate desirable frequency bands from  transm issions unless 
clearly necessary and effective in elim inating interference in particular cases.

T he conclu sion  reached is that it is desirable to  m aintain the norm al bandw idth  o f  m odulating  
frequencies at an upper lim it o f  6400 c/s.

In order to  m ake bandw idth restrictions as effective as possib le, steps sh ou ld  be taken  to  
m inim ize the radiation o f harm onic and interm odulation  products in the transm itter and to  avoid  
overm odulation  w ith its inherent production  o f  spurious frequencies.

T o  consider in  som e detail the effect in a receiver, the interfering signal is assum ed to  be a  
high frequency broadcasting double sideband signal w ith m odulating frequencies up  to and including  
6400 c/s, and w ith  the carrier 10 kc/s rem oved from  the desired carrier. T he out-of-b and  radiation  
(distortion) o f  the h igh frequency broadcasting signal shall n o t exceed 5 %, and thus the ou t-of- 
band radiation fa lling w ithin the band o f  the desired signal will be approxim ately 32 db below  
the level o f  the undesired carrier.

T he receiver to  be considered is the type in general use by the public. C om parison  o f  a num ber  
o f  such receivers has indicated an average selectivity curve w hich will apply both  to  E uropean  
and A m erican receivers, and m ost em ploy  a d iode for  dem odulation . T he average selectivity  
curve o f  such a receiver indicates that a signal 10 kc/s rem oved from  the centre o f  the pass band  
(assum ed p o sition  o f  the desired carrier) w ill be attenuated 24.4 db. T he curve further show s that 
a signal 5 kc/s rem oved will be attenuated 8 db, and a signal 3.6 kc /s rem oved (6 .4  kc/s sideband) 
w ill be attenuated 5.1 db.

B efore considering the actual interference reproduced by the receiver it sh ou ld  be noted  that 
the relatively sim ple problem  o f  a carrier and tw o sidebands dem odulated  by a d iode becom es a  
com plex  problem  w hen on ly  one sideband reaches the d iod e or w hen the am plitude or ph ase o f  
the carrier and sidebands is altered. O f prim ary im portance to this problem  is the further fact
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that w hen a carrier is present at the diode, i f  another carrier is also applied  at a  low er level, the  
resultant ou tp ut is less than either signal. This effect m ay be analyzed by the use o f  Bessel functions  
ind icating that as the ratio o f  desired to  undesired input to  the d iode is increased the ratio o f  desired  
to  undesired output increases m uch m ore rapidly.

A ssum in g no  pre-em phasis at the transm itter, and a ratio o f  desired to undesired signal o f  1> 
the average receiver w ou ld  adm it a 5 kc/s undesired signal to  the d iode 22.2 db below  the desired  
carrier. Sim ilarly, the 6.4 kc /s interfering sideband w ou ld  be 21.1 db below  the desired carrier 
and the undesired d iode output signal w ou ld  be m ore than 40 db below  the desired output signal 
at 100%  m odu lation . T he exact value o f  the d iode output is com plicated  by the fact that the  
diode linearity varies w ith input signal and that, in m ost cases, the d iode load  varies w ith audio  
frequency. H ow ever, at desired to  undesired signal ratios o f  one or greater, and w ithout pre
em phasis, interference sh ou ld  n o t be caused.

I f  receivers are im proved , and a m uch low er ratio o f  desired to  undesired signal is then adopted, 
a p o in t w ill be reached w here interference w ill be caused by the part o f  the interfering signal 
w hich lies w ithin the receiver pass band.

It has been sh ow n that under usual circum stances the am plitude o f  the interference should  
not be troublesom e. It m ay be further noted  that the interfering signal w ill usually  beat w ith the 
desired carrier and therefore be inverted, the 6400 c /s m odulation  becom ing 3600 c /s interference. 
The interfering signal w ou ld  n o t be intelligible to  the listener, and it has been show n that such  
interference is m ore easily  tolerated  than intelligib le interference.

A t the present tim e there is n o  evidence that interference w ill be caused to  the average  
receiver due to  the transm ission  o f  norm al signal intensities in those portions o f  the sidebands 
5 to  6.4 kc /s rem oved from  the carrier. It does n ot appear that a  reduction in the desired to  
undesired signal ratio  will change this conclusion w ith respect to  present receivers. H ow ever, the  
use o f  pre-em phasis, m ore selective receivers and m odified signal ratios, or a com bination  o f  these, 
m ay cause the transm ission o f  energy at m odulating frequencies up to  5000 c /s  and 6400 c/s 
respectively, to  assum e new  im portance.

R E C O M M E N D A T IO N  N o. 32 

U S E  O F  S IM U L T A N E O U S  IN T E R P R E T A T IO N

T he C .C .I.R ., . ' (S tockh olm , 1948)

W ith  reference to  the question set by the A dm inistrative C ouncil in R eso lu tion  N o . 21, 
§ 4, sub-para ( b ) ,  w orded  as fo llo w s :—

Should  the sim ultaneous interpretation system  be used for the sessions o f  the Plenary 
A ssem bly and /or the Study G roups ?

UNANIMOUSLY RECOMMENDS

T hat in  princip le there is reason to use sim ultaneous interpretation on ly  for  the sessions o f  
the P lenary A ssem blies, and for C om m ittees and Study G roups attended by a large num ber o f  
m em bers.
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R E C O M M E N D A T IO N  N o . 33

R E G A R D IN G  T H E  M E T H O D  O F  D IS P A T C H  O F  R E P O R T S  B Y  R E P O R T E R S  
O F  S T U D Y  G R O U P S  T O  T H E  G R O U P  C H A IR M A N  

A N D  BY T H E  G R O U P  C H A IR M E N  T O  T H E  D IR E C T O R  O F  T H E  C .C .I.R .

T he C .C .I.R ., (S tockholm , 1948)

CONSIDERING :

T he fundam ental interest in  ensuring that the reports o f  the Study G roups reach the D irector  
in g o o d  tim e to  be in  accord w ith  the tim e lim it stipu lated  in  Chap. 13,' § 3 o f  the G eneral R eg u l
ations (A tlantic C ity, 1947) ; '

UNANIMOUSLY RECOMMENDS : '

1. T hat the R eporters o f  each  Study G roup shall send their contribution  to  the G roup Chairm en  
at least six m onths before the date o f  opening o f  the C .C .I.R . Plenary A ssem bly  ;

2. T hat the G rou p Chairm an shall send their reports to  the D irector o f  the C .C .I.R . so  that 
he receives them  at least four m onths before the date o f  opening o f  the C .C .I.R . P lenary  
A ssem bly  ;

3. T hat the D irector shall d ispatch the docum ents in  such a w ay that they m ay reach the M em bers 
preferably tw o  m onth s before the date o f  the m eeting o f  the P lenary A ssem bly  and  in  any  
case at least one m onth  before this date in  accordance w ith  Chap. 13, § 3 o f  the G eneral 
R egulations (A tlantic City, 1947) ;

4. T hat as a  general rule, n o  report prepared in co n n ection  w ith  Study G roup w ork w ill be  
considered , w hich is sent directly to  the D irector instead o f  being  sent to  the appropriate  
G roup Chairm en.

R E C O M M E N D A T IO N  N o . 40

IN T E R C O N T IN E N T A L  R A D IO T E L E P H O N E  S Y S T E M S , A N D  U S E  O F  R A D IO  
L IN K S  IN  IN T E R N A T IO N A L  T E L E P H O N E  C IR C U IT S

(Q uestions N os. 29 a n d  41)

T he C .C .I.R ., , (G eneva, 1951)

CONSIDERING :

(a )  T hat radiotelephone system s connecting the various continents at the present tim e usually  
em ploy carrier frequencies under about 30 M c/s * ;

(b )  T hat the use o f  such a radio l in k jn  a lon g  distance te leph one circuit im plies certain sp ecia l 
cond itions w h ich  introduce particular difficulties n o t encountered  w hen  purely m etallic  
con nection s are used ;

* Further reference to “  30 Mc/s ”  in this Recommendation means “ about 30 Mc/s ” .
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■(c) T hat such  a  rad iotelephone circuit differs from  a m etallic circuit in  the fo llo w in g  w ays :

c .l  Such a radiotelephone circuit is subject to  attenuation variation  w ith the special difficulty  
o f  fa d in g ;

c . l  Such a rad iotelephone circuit suffers from  n oise  caused by atm ospherics w h ose intensity  
m ay reach, o f  even  exceed , a  value com parable w ith  that o f  the signal w h ich  it is desired  
to  r e c e iv e ;

c.3 Special precautions are necessary in  the setting up and m aintenance o f  such  a rad io
telephone circuit so  as to  avo id  disturbance o f  the radio receiver by any radio transm itter  
and especially  by  its ow n  radio transm itter ;

c .4  So as to  m aintain  the rad iotelephone lin k  in  the best co n d itio n  from  a p o in t o f  v iew  o f  
transm ission  perform ance, it  is necessary to  take special m easures to  ensure that the  
radio transm itter alw ays operates so  far as is possib le under cond itions o f  fu ll loa d in g  
whatever m ay be the nature and the attenuation o f  the telephone system  con n ected  to  
the rad iotelephone c ir c u it ; -

c.5 It is necessary to  take m easures to  avoid  or correct abnorm al oscillation  or crosstalk  
cond itions ;

c.6  A lth ou gh  the effectively transm itted frequency band recom m ended for international 
land line circuits has been  determ ined by a study o f  the requirem ents o f  the hum an ear, 
th is band (in the case o f  a  rad iotelephone circuit operating at a frequency be low  30 M c/s) 
m ay be lim ited by  the necessity  o f  ob tain ing the m axim um  num ber o f  telephone channels  
in  this part o f  the radio  frequency spectrum , and in  order that each te lephone channel 
does n o t occupy a radio frequency band larger than necessary ;

c . l  In  general, Such a rad iotelephone circuit is a  lon g  distance intercontinental circuit g iv in g  
te leph one service betw een  tw o  extended netw orks, and this fact is o f  great im portance  
from  tw o  p o in ts o f  v iew  :

c.7.1 O n the one hand, intercontinental conversations, in  general, are o f  great im port
ance to  the subscribers and , o n  the other hand, they are m ade in  languages w hich  
are n o t a lw ays their m other tongue so  that h igh quality reception is particularly  
im p o r ta n t;

c . l . 2 The public  sh ou ld  n o t be deprived o f  a  very usefu l service under the pretext 
that it does n o t a lw ays satisfy the degree o f  excellence desirable for  lo n g  distance  
com m unication  from  the p o in t o f  v iew  o f  transm ission quality ;

UNANIMOUSLY RECOMMENDS :

1. Circuits above 30 M c/s.

T hat betw een fixed p oin ts te leph one com m unications should  be effected wherever possib le  
by m eans o f  m etallic  condu ctors or radio links using frequencies above 30 M c/s so  as to  
m ake the a llocation  o f  radio frequencies less difficult, and where this can be realised , the  
objective should  be to  attain  the transm ission  perform ance recom m ended by the C .C .I .F . 
for  international te lephone circuits on  m etallic  conductors.

2. Circuits below 30 M c/s.

2.1 T hat, since it becom es necessary to  econ om ise  in the use o f  the frequency spectrum  w hen  
considering intercontinental circuits w h ich  con sist m ainly o f  single long-d istance radio lin ks  
operating o n  frequencies less than 30 M c/s, it  is desirable to  use single-sideband transm ission  
to  the m axim um  exten t possib le , to  em ploy  a transm itted band less than the 300 to  3400 c /s  
recom m ended by the C .C .I.F . for  land-line circuits and preferably to  reduce the upper  
frequency to  3000 c /s  or b e low  but to  n o t less than 2600 c /s , except in  special circum stances ;

2 .2  T hat, although it w ill be  necessary to  tolerate large variations in n o ise  level o n  su ch  a radio
te leph one circuit, every possib le  effort should  be m ade to  obtain  m inim um  disturbance to  the  
circuit from  noise and  fad ing b y  the use o f  such  techniques as fu ll transm itter m od u la tion ,
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directional antennae and single-sideband operation  ; w ith present technical developm ent, it 
is n o t yet practicable to recom m end either a m in im um  value for the signa l-to -no ise  ratio or 
a m eth od  o f  m easuring the disturbing noise.;

2.3 T hat during the tim e that such a radiotelephone circuit is connected  to  an extension  circuit 
equipped w ith  echo suppressors the intensity o f  disturbing currents should  n ot be sufficient 
to  operate frequently the echo suppressor ;

2.4 T hat such a radiotelephone circuit should  be provided  w ith a reaction suppressor (voice- 
operated sw itching device) so  as to  avoid  singing or echo disturbance o n  the com plete  c ir c u it ;

2.5 T hat such a radiotelephone circuit should  be equipped  w ith  autom atic gain contro l so  as to  
com pensate autom atically  so  far as possib le  for  the p h en om en on  o f  fad ing ;

2.6 T hat the term inal equipm ents o f  such a rad iotelephone circuit should  be such that it m ay be 
connected , in  the sam e w ay as any other circuit, w ith  any other type o f  c ir c u it ;

2.7 T hat in the cases where privacy equipm ent is used , this equipm ent sh ou ld  n ot appreciably  
affect the quality o f  telephone transm ission ;

2.8 T hat w hen suitable autom atic devices are n o t provided  the circuit sh ou ld  be controlled  as 
often  as necessary by an operator in  order to  ensure optim um  adjustm ent o f  transm itter  
loading, received volum e and the operating con d ition s o f  the reaction suppressor.

N ote . —  A lthou gh  the requirem ents contained  in Part 2 o f  the R ecom m end ation s are m uch less 
severe than those im posed on international land-line circuits, the ideal rem ains to  attain the sam e  
standards o f  telephone transm ission in all cases. In view  o f  this, it is desirable that the telephone  
system s connected  to  a radiotelephone circuit sh ou ld  conform  to  C .C .I.F . recom m endations  
referring to  the general cond itions to  be m et by international circuits used for land-line telephony  
especia lly  in  respect o f  equivalent, distortion , noise, ech oes and transient phenom ena.

Bearing in  m ind the recom m endations contained  in  Parts 1 and 2 above, it is desirable that 
in each particular case, adm inistrations and private com panies concerned should  first reach agree
m ent o n  h ow  far the standards usually em ployed  for in ternational land-line circuits m ay be attained  
in the case considered. I f  the technique o f  Part 1 o f  the recom m endation can be used, the objective  
should  be to  obtain  as far as possib le  the characteristics recom m ended by the C .C .I.F . for  
international land-line circuits. O therw ise, the adm inistrations and private com panies concerned  
should  study the best so lu tion  from  the po in t o f  view  o f  both  technique and econom y.

R E C O M M E N D A T IO N  N o. 45

A V O ID A N C E  O F  IN T E R F E R E N C E  F R O M  S H IP S ’ R A D A R  
T O  O T H E R  R A D IO  C O M M U N IC A T IO N  A P P A R A T U S  O N  B O A R D

(Q uestion  N o . 35)

T he C .C .I.R ., (G eneva, 1951)

CONSIDERING :

(a )  T hat experience has proved that w ith w ell designed and properly installed radar the  
possib ility  o f  interference occurring in practice is very rem ote ;
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(b )  T hat the possib ility  5 o f  interference to  radio reception and to direction finding on a vessel 
other than that up on  w hich the radar is located  is exceed ingly rem ote and that no  instances  
o f  such interference have been reported ;

(c )  T hat in  the unlikely case where radar interference m ight result to radio reception  aboard a 
radar equipped vessel, the presence o f  such interference m ay be readily detected  and identified  
by listen ing on the radio receiver or direction finder ;

(d )  T hat where interference has occurred to  radio reception aboard ships equipped w ith  well 
designed radar, in each case the cause o f  the interference has been faulty initial installation  
and has been rem oved by correcting the installation  ;

UNANIMOUSLY RECOMMENDS :

1. T hat adm inistrations shall see to  it that radar equipm ents placed aboard ships are well 
designed and properly installed  so  as n o t to  cause interference to  radio reception aboard  
the radar equipped vessel. In  this regard, particular attention shall be paid  to  shielding, 
b on ding  and to  fitting line filters, especially  in the m odulator circuits, for the conductors 
w h ich  are routed betw een the m ajor com ponents o f  the installation ;

2. T hat the absence o f  interference shall be assured either by test procedures o f  prototypes 
or by installation  inspection  procedures w hereby an investigation  is m ade to  determ ine whether  
or n o t there exists any noticeab le interference to  the sh ip s’ radio receiver or direction finder  
under practical cond itions o f  in sta lla tion  and o p e r a tio n .,

R E C O M M E N D A T IO N  N o . 47

L IM IT A T IO N  O F  T H E  P O W E R  O F  T R A N S M IT T E R S  
IN  T H E  T R O P IC A L  Z O N E  T O  A V O ID  IN T E R F E R E N C E  IN  T H E  B A N D S  

S H A R E D  W IT H  T R O P IC A L  B R O A D C A S T IN G

(Q u estio n  N o . 4)

T he C .C .I.R ., (G eneva, 1951)

CONSIDERING 1

(a )  T hat the pow er o f  transm itters for  radio services in  the tropical zone operating w ithin the  
bands shared with tropical broadcasting (Art. 9, N o . 244, R ad io  R egulations, 1947) should  
be determ ined so  as to  ensure fu ll protection  to  broadcasting in the tropical zon e  ;

(b )  T hat it is preferable to exp lo it the possib ilities o f  “ tim e sharing ” betw een broadcasting  
services in the tropical zone and radiotelegraph services operating w ithin  the shared bands ;

(c )  T hat, at su nspot m inim um , when certain frequencies becom e useless for trop ical broadcasting, 
such frequencies cou ld  be used  by other services ;

(d )  T hat R ecom m end ation  N o . 84 recom m ends provisional pow er lim itations for broadcasting  
stations in the tropical zon e  ;

(e )  T hat the m axim um  pow er o f  radiotelegraph stations can best be determ ined in the light o f  
the perm issible “ repetition d istance ”  (geographical sharing *) ;

* See P.F.B. Doc. No. 712, dated 14th February, 1950.
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( f )  T hat the protection  ratio to  be considered in  the determ ination o f  the “ repetition  distance ”  
w ill be that set forth  in  R ecom m end ation  N o . 50 ;

(g )  T hat the factors govern ing the lim itation  o f  pow er for  A 3  em issions by services other than  
broadcasting w ithin  the shared bands are sim ilar to  those for radiotelegraphy ;

RECOMMENDS

1. T hat, for  the particular cases n o t involving sim ultaneous operation o f  broadcasting and other  
services, n o  lim itations be im posed  on  the pow er for  radiotelegraph stations operating w ithin  
the shared bands other than those necessary to  com ply w ith  the provisions o f  Section  I, 
Art. 13, R ad io  R egulations, 1947 ;

2. T hat, for  the general case involv in g  sim ultaneous operation  o f  broadcasting and  radiotelegraph  
services w ithin  the shared bands, the lim itation  to  be im posed  on  the pow er o f  radiotelegraph  
stations in  the tropical zone  sh ou ld  be on ly  that required to  provide adequate protection  for  
the broadcasting services ;

3. T hat the lim itations for fixed service stations in the tropical zone  em ployin g  A 3 em issions and  
operating w ithin the shared bands should  be sim ilar to  th ose  for  radio telegraph stations  
operating under like conditions.

R E C O M M E N D A T IO N  N o . 48

C H O IC E  O F  F R E Q U E N C Y  T O  A V O ID  IN T E R F E R E N C E  IN  T H E  B A N D S  
S H A R E D  W IT H  T R O P IC A L  B R O A D C A S T IN G

(Q u estio n  N o . 4)

T he C.C.I.R., (G eneva, 1951)

CONSIDERING :

( a )  T hat an audible interfering beat n ote  m ay occur irrespective o f  the p o s itio n  o f  the frequencies 
used  by other services betw een tw o adjacent broadcasting carriers in  the shared bands ;

(b )  T hat the m inim um  tolerable field strength ratio o f  the w anted to  unw anted  signal depends 
prim arily u p on  the frequency separation betw een the carrier w aves ;

(c )  T hat it is  extrem ely im portant that all stations operate w ith  the best frequency stab ility  
obtainable ;

(d )  T hat transm itters o f  poor  frequency stability m ay be capable o f  causing  harm ful interference  
to  tropical broadcasting w hen  operated in  the shared bands ;

(e )  T hat m obile  stations, due to  their low er frequency stab ility  and variab le lo ca tio n , are likely  
to  cause m ore interference than fixed stations to  tropical broadcasting w hen  operated w ithin  
the shared bands, particularly w hen using A 3 em issions ;

RECOMMENDS I

1. T hat it  is n o t necessary for  frequencies o f  other services sharing frequency bands w ith  
broadcasting in  the tropical zon e  to  be assigned on ly  m idw ay betw een  the broadcasting  
frequencies.
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W hen m id-spaced frequencies are n ot assigned, how ever, it  is desirable that the sam e  
frequencies be assigned for other services as for broadcasting. T he use o f  frequencies m idw ay  
betw een broadcasting station  carriers w ou ld  have the advantage that less stringent tolerances  
w ou ld  be required to m aintain the required degree o f  protection  than w ou ld  be the case  
w hen frequencies o f  other services are assigned indiscrim inately betw een adjacent broad
casting frequencies ;

2. T hat adm inistrations should  attem pt to  im prove, as soon  as possib le, the frequency stability  
o f  fixed stations and, m ore generally, o f  all stations operating in  the shared bands to  the  
values specified in A pp. 3, C ol. 3, R ad io  R egulations, 1947. A dm in istrations should  arrange 
for transm itters w h ich  do n o t m eet this requirem ent to  operate only o n  frequencies outside  
the shared bands, un less there is little possib ility  o f  interference to  tropical broadcasting  
services ;

3. T hat, wherever possib le, adm inistrations should  avo id  the operation  o f  m obile  stations in  
the trop ical zone, w ith in  the bands shared w ith broadcasting, particularly as regards the use 
o f  A 3 em issions by such m ob ile  stations.

R E C O M M E N D A T IO N  N o . 49

C H O IC E  O F  S IT E  O F  S T A T IO N S  
A N D  T Y P E  O F  A N T E N N A  T O  A V O ID  IN T E R F E R E N C E  

IN  T H E  B A N D S  S H A R E D  W IT H  T R O P IC A L  B R O A D C A S T IN G

(Q u estio n  N o . 4}

T he C .C .I.R ., (G eneva, 1951)

CONSIDERING :

(a )  T he provisions o f  Art. 13, § 3, R ad io  R egu lations, 1 9 4 7 ;

(b )  T hat all p ossib le  .sources of. interference to  broadcasting should  be m inim ized ;

" r e c o m m e n d s :

1. That administrations should make every effort to comply, as soon as possible, with the
regulations with regard to the siting of stations and the use of directional antennae when 
the nature o f the service permits ; . . ’

2. T hat adm inistrations sh ou ld  take steps to  ensure that all interference to  broadcasting and
other radio services in  the tropical zone produced by radiation , such as key-clicks, sideband  
spread, etc., b e  kept to  a  m inim um  ; 1

3. T hat the broadcasting services in  the tropical zon e  should , for  their part, reciprocally take  
sim ilar precautions to  facilitate the operation o f  other services w orking in other zones in  the  
shared bands.
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R E C O M M E N D A T IO N  N o . 52

G R O U N D  W A V E P R O P A G A T IO N  C U R V E S  B E L O W  10 M c/s

(Q uestion  N o . 6)

T he C .C .I.R ., (G eneva, 1951)

CONSIDERING :

( a )  T hat ground w ave propagation curves for an extended range o f  frequencies are o f  continued  
im portance for all types o f  radio com m unication  including navigational a ids ;

(b )  T hat such curves for a range o f  land conductiv ities are needed for  the varying conditions  
along  the land paths m et w ith in practice ;

RECOMMENDS :

1. T hat the curves in the A nnex hereto be used for the determ ination o f  ground w ave field  
strengths on  frequencies below  10 M c/s under the cond ition s stated ;

2. T hat these curves supersede the existing C .C .I.R . (1937) curves for frequencies below  10 M c/s.

A N N E X
t

T he attached curves apply to  propagation  on  frequencies below  10 M c/s.

The fo llow in g  points are to be especially n oted  w ith regard to  them  :

(a )  T hey refer to  a sm ooth  h om ogeneous earth, as in  the corresponding C .C .I.R . (1937) curves ;

(b )  N o  account is taken o f  tropospheric effects on  these frequencies, i.e. they are calculated  for  
the actual radius o f  the earth. It is realised that the troposphere exerts som e influence below  
10 M c/s, but experim ental evidence suggests that on  m edium  frequencies the usually  assum ed  
i /3 earth’s radius over-estim ates the effect o f  norm al refraction in the troposphere. M oreover, 
m athem atical analysis show s that w ith decreasing w avelength  the concep t o f  an effective  
earth ’s radius is no  longer strictly valid as the necessary transform ation invo lves n ot only  
the frequency used but a lso  the conductivity o f  the earth. It w as therefore decided to  retain  
the use o f  the actual earth’s radius as in the case o f  the C .C .I.R . (1937) curves, and the  
consideration  o f  the effect o f  the troposphere is accordingly  m ade the subject o f  Study  
Program m e N o . 11 * ;

(c )  T he frequency range has been extended dow n to  10 k c /s  in view  o f  the suggested  use o f  very 
low  frequencies for navigational aids ;

(d )  In  order to  cater m ore adequately for the differences o f  land conductiv ity  m et w ith  in practice  
the curves for  the value 10~13 e.m .u. o f  the conductiv ity  a have been supp lem ented by curves 
for the further values 10~12-5, 10~13-5, 10~14 e.m .u . T he value o f  the perm ittivity assum ed  
is s =  4 as in the C .C .I.R . (1937) curves, but it m ay be stated  that the precise value assum ed  
is n o t o f  practical signifiance for the frequency range under consideration . F or the sea 
curves, the values a =  4 x l O - n e.m .u. and e =  80 have been retained ;

* This Study Programme has been replaced by Study Programme No. 51 (IV).
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(e )  It sh ou ld  be poin ted  out that the sea curves and the land curves for a — 1(H 3 e.m .u. differ 
from  the C .C .I.R . (1937) curves only in the extension o f  the frequency range and in the 
slightly m odified  m ethod  o f  presentation, a§ they are based on the sam e rigid analysis o f  the 
problem  given by van der P ol and Brem m er ;

(f )  T he presentation is given in tw o form s : - '

1. W ith  a linear scale o f  distance ou t to  2000 km  as abscissa and an ordinate scale which  
is linear in decibels for w hich the datum  is a field strength o f  1 (W /m. A  subsidiary  
scale reading directly in fxV'/m is added on the right hand side. T he linear distance scale

- has been retained to  exhibit the linear aspect o f  the curves in the diffraction region where 
the field strength is approxim ately exponentia lly  attenuated w ith distance. T he linear scale  
in decibels replaces the logarithm ic scale for  fxV/m used in the C .C .I.R . (1937) curves 
in  view  o f  its greater convenience in m ost engineering applications ; ■ * '

2. W ith  a logarithm ic distance scale for short distances o u t to  2000 km . This has been  
d on e to m ake the curves m ore useful in the ne ighbourhood  o f  the transm itter where  
they are very steep w hen the linear d istance scale is used. It should  be noted  that 
a t these short d istances it is n o t practicable to  include all the curves dow n to  
10 k c /s  w here they differ very little from  one another and from  the unattenuated  
inverse d istance c u r v e ; in fact it is n o t practicable to  label all the curves that have  
actually  been included ; ,

(g )  The curves are n o  longer referred to  a radiated pow er o f  1 kW , but to  what has been called
an uriattenuated field strength o f  3 x  105/D  [xV/m where D  is the d istance from  the transm itter
in k ilom etres. T his field w ou ld  actually correspond to  the case o f  a vertical antenna, shorter  
than o n e  quarter w avelength, radiating 1 kW  w hen placed on the surface o f  a perfectly  
conducting p lane earth. T he engineer should  regard as an auxiliary problem  the determ in
ation  o f  th e  appropriate value o f  the unattenuated field in a given practical case and the 
value o f  the necessary m ultiplier ;

(h )  T he transm itter and receiver are both  assum ed to  be on the ground. In m ost practical cases 
in the frequency range concerned, the height-gain effects w ith elevated antennas w ou ld  n ot  
be significant. A lth ou gh  height-gain curves exist w hich refer to  this frequency range, their 
restriction to  the diffraction region m akes them  o f  very lim ited use, and it was decided n o t  
to  include them  ;

( i)  T he curves should , in general, be used to  determ ine field strength only w hen it is know n  
ionosp here reflections o f  the frequency under consideration , w ill be negligib le in am plitude  
— for exam ple propagation  in  daylight betw een 150 kc/s and 2 M c/s. H ow ever, under 
cond itions where the sky w ave is com parable w ith, or even greater than, the ground'-wave, 
the curves are still applicable when the effect o f  the ground-w ave can be separated from  
that o f  the sky-w ave by the use o f  pulse transm issions, as in som e form s o f  d irection-finding  
system s and navigational aids.
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PROPAGATION CURVES

db  p V /m

Ground wave corresponding to an unattenuated field o f :
3 x l0 5/JDkm [xV/m

km
Propagation over sea (conductivity a — 4 x l0 -11 e.m.u., dielectric constant s =  80 e.s.u.)



PROPAGATION CURVES

db ^ / m

Ground wave corresponding to an unattenuated field o f :
3 X 105/D km |jLV /m

Km

Propagation over land (conductivity a =  1(H2-5 e.m.u., dielectric constant e =  4 e.s.u.)
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Ground wave corresponding to an unattenuated field o f :
3 x  105/D km [xV/m

d b ' p V /m

PROPAGATION CORVES

km

Propagation over land (conductivity a =  1CH3 e.m.u., dielectric constant e = 4 e.s.u.)
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PROPAGATION CURVES

db

Ground wave corresponding to an unattenuated field of-
3><105/Dkm frV/m

yN/xn

km
Propagation over land (conductivity a = KH3-5 e.m.u., dielectric constant e = 4 e.s.u.)
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>JV /m

Ground wave corresponding to an unattenuated field of :
3 x 105/Dkm |j.V/m

km
Propagation over land (conductivity a =  10~14 e.m.u., dielectric constant s — 4  e.s.u.)



— 47 —

PROPAGATION CURVES

Ground wave corresponding to an unattenuated field o f :
3 x 105/Dkm [iV/m

db >jv/m

Prdpagatjon over sea (conductivity a — 4 x  1(H J e.m .u., dielectric constant s =  80 e.s.u.)
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db >iV/m

PROPAGATION CURVES

: Ground wave corresponding to an unattenuated field of :
3 x 105/Dkm (xV/m

Propagation over land (conductivity a =  10~12-5 e.m .u., dielectric constant s =  4 e.s.u.)
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PROPAGATION CURVES

Ground wave corresponding to an unattenuated field o f :
3 x l0 5/Dkm fj.V/m

db > jV /m
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Ground wave corresponding to an unattenuated field o f :

. 3 x  105/.Dkm ^V/m

db >»V/m

PROPAGATION CURVES
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db y \i/  m

PROPAGATION CURVES

Ground wave corresponding to an unattenuated field o f :
3 x 105/Dkm (j.V/m
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R E C O M M E N D A T IO N  N o . 54

D E F IN IT IO N S  O F  T E R M S  R E L A T IN G  T O  P R O P A G A T IO N  
IN  T H E  T R O P O S P H E R E

(R ec o m m e n d a tio n  N o . 15)

The C .C .I.R ., (G eneva, 1951)

c o n s i d e r i n g :

That it is. w ell kn ow n that the propagation  o f  w aves o f  frequencies greater than 30 M c/s  
is greatly in fluenced  by m eteorological conditions in  the troposphere,

UNANIMOUSLY RECOMMENDS t

That the list o f  definitions annexed hereto be adopted  for incorp oration  in  the vocabulary  
related to  R ecom m end ation  N o . 34.

V o c a b u l a r y  o f  T e r m s  u s e d  i n  R a d i o  P r o p a g a t i o n  t h r o u g h  t h e  T r o p o s p h e r e

Definition

T he low er part o f  the earth ’s atm osphere extending upwards from  
the earth’s surface, in  w h ich tem perature decreases w ith  height 
except in  loca l layers o f  tem perature inversion .

The upper boundary o f  the troposphere, above  w h ich the tem perature  
increases slightly w ith  respect to  height, or rem ains constant.

In the troposphere : an  increase in  tem perature w ith  height.

F or a given  height above sea level : the sum  o f  the refractive index  
o f  the air at th is height and the ratio o f  th is height to  the radius 
o f  the earth.

O ne m illion  tim es the am ount by w hich the m odified  refractive  
index exceeds unity.

A  unit in  term s o f  w hich refractive m odulus is expressed in accord
ance w ith  the preceding definition .

A  curve show ing the relationsh ip  betw een  refractive m odu lu s and  
height above  the earth’s surface.

T hat uniform  variation o f  refractive m odu lu s w ith  height above  
the earth ’s surface w hich is regarded as a standard for  com parison. 
T he gradient considered as norm al has a va lue o f  0 .12  M  U n its  
per m etre (3.6 M  U n its per hundred feet).

F or  tropospheric propagation  : an  atm osphere having the standard  
refractive m odulus gradient.

T he refraction w hich w ou ld  occur in  a standard radio atm osphere  
(See F ig. 1).

Term

1. Troposphere

2. Tropopause

3. Tem perature Inversion

4. M odified  R efractive  
Index

5. R efractive  M odulus

6. M  Unit

7. M  Curve

8. Stan dard  R efractive  
M odulus G radient

9. S tan dard  R adio  
A tm osphere

10. Stan dard  R efraction



Term Definition

11. Super-refraction

12. Sub-refraction

13. Sta n d a rd  P ropagation

14. T angential W ave P ath

15. R adio H orizon

16. E ffective R adius 
o f  the E arth

17. Tropospheric R adio  
D u ct

18. Surface D u ct 
G round-based D u ct

19. E leva ted  D u ct

20. D u ct Thickness 
D u ct W idth

21. D u ct H eigh t

22. Tropospheric M o d e

23. T rapped  M o d e

R efraction  greater than standard refraction (See Fig. 1).

R efraction  less than standard refraction (See F ig . 1).

T he propagation o f  radio w aves over a sm ooth  spherical earth o f  
uniform  electrical characteristics under cond itions o f  standard  
refraction in the atm osphere.

In  radio wave propagation  over the earth : a path  o f  propagation  
o f  a direct wave, w h ich  is tangential to  the surface o f  the earth. 
T he tangential w ave path  is curved by atm ospheric refraction.

T he locu s o f  poin ts at w h ich direct rays from  the transm itter becom e  
tangential to  the earth ’s surface.

T he radius o f  a  hypothetical earth for  w hich the distance to  the 
radio horizon  assum ing rectilinear propagation  is the sam e as that 
for  the actual earth w ith  an assum ed uniform  vertical gradient 
o f  refractive index. (F or the standard atm osphere, the effective  
radius is 4/ 3 that o f  the actual earth).

A  stratum  o f  the troposphere w ithin  w h ich  an abnorm ally large 
proportion  o f  any radiation  o f  sufficiently h igh  frequency is confined  
and over part or a ll o f  w hich there exists a negative gradient o f  
refractive m odulus.
T he upper bound ing surface is determ ined by a loca l m inim um  
value o f  the refractive m odulus. T he low er bound ing  surface is 
either the surface o f  the earth or a surface parallel to  the loca l 
stratification o f  refractive properties a t w h ich the refractive  
m odu lu s has the sam e values as that at the loca l m inim um  value  
o f  the refractive m odulus (See F igs. 2, 3 and 4).

A  tropospheric radio duct having the earth as its low er boundary, 
and in  w h ich the m odified  refractive index is everywhere greater  
than the value at the upper boundary (See F igs. 2 and 3).

A  tropospheric radio duct o f  w h ich the low er boundary is an  
elevated  surface at w h ich  the m odified  refractive index has the  
sam e value as at the upper boundary (See F ig . 4).

T he difference in  height betw een the upper and low er boundaries  
o f  a  tropospheric radio duct.

T he height above the surface o f  the earth o f  the low er boundary  
o f  an elevated duct (See F ig. 4).

A n y  one o f  the possib le  m odes o f  propagation  in the troposphere.

A  m od e o f  propagation  in w h ich the energy is substantially  confined  
w ithin  a tropospheric radio duct.
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Region o f super-refraction

M

Refractive modulus (M ) 

M-curves

for super-refraction 
""■■i standard

— — ■ for sub-refraction

F ig u r e  1

Region o f sub-refraction

Duct
thickness

M

Surface duct 

F i g u r e  2

M
Elevated duct

F ig u r e  3 F ig u r e  4



R E C O M M E N D A T IO N  N o . 59

E X C H A N G E  O F  IN F O R M A T IO N  F O R  T H E  P R E P A R A T IO N  
O F  S H O R T -T E R M  F O R E C A S T S  A N D  T H E  T R A N S M IS S IO N  

O F  IO N O S P H E R IC  D IS T U R B A N C E  W A R N IN G S

(R eco m m en d a tio n s N os. 11, 13 an d  16)

T he C .C .I.R ., (G eneva, 1951)

CONSIDERING :

(a )  T hat it  is im portant to  give adm inistrations and operating services (navigation  and. other  
services) u sin g  ionosphere-propagated w aves the earliest possib le w arning o f  the onset o f  
disturbances to  ionospheric propagation  cond itions, so  that they m ay arrange their traffic 
schedules accordingly  ;

(b )  T hat it  is desirable to  find an easier m ethod  o f  draw ing up  a p lan  for  th e  rational use o f  
frequencies in  p lace o f  the system  based on  long-term  m ean values, w h en  the latter is 
tem porarily unsatisfactory on  accou nt o f  ionospheric disturbances ;

( c) T hat it  w ou ld  therefore be advisab le for a ll organizations publishing ionosp heric  forecasts 
to  study the technique o f  forecasting disturbances ;

( d )  T hat it is o f  great im portance to  take steps to  secure the greatest possib le  accuracy o f  such  
forecasts and the m axim um  o f  speed  in  their d issem ination  ;

( e )  That, for the exchange and d issem ination  o f  propagation  inform ation , there are three Cate
gories o f  users : those w ho m ake forecasts, those  w h o m ake operational use  o f  propagation  
in form ation , and  those w h o require the in form ation  for scientific research or other purposes ; 
and that, to  m eet these different requirem ents, it is desirable to use the m o st appropriate  
m ethods o f  exchange in  each case ;

( f )  T hat co llab oration  is desirable betw een adm inistrations or operating services and the organiz
ations studying th e  characteristics o f  the ionosp here and deducing forecasts therefrom , w ith  
a view  to  check in g  the accuracy o f  the forecasts period ically  ;

(g )  T hat prov ision a l codes, prepared by the International R ad io  Scientific U n io n  (U .R .S .I .)  
such as the co d e  used  in F rench ursigram s, or due to  organizations such as the Central R ad io  
P rop agation  L aboratory (C .R .P .L .), the A rbeitsgem einschaft Ionosphare, the Japanese  
Central P rop agation  L aboratory and others, have proved  their usefulness in the d issem ination  
o f  in form ation  fo r  the preparation o f  short-term  forecasts ;

RECOMMENDS

1. T hat each country  participating in  radio propagation  research should  designate an official 
agency for  the reception , coord in ation  and exchange o f  such data and for lia ison  w ith  cor
respond ing agencies in  other countries ;

2. T hat the in form ation  required for the preparation o f  short-term  forecasts sh ou ld  be centralized  
by the agencies m entioned  in § 1, as far as possib le  by the m ost direct electrical m ea n s-o f

\  com m u nication  betw een  the centralizing agency and the various scientific institutes for solar, 
m agnetic and  other o b ser v a tio n s; • .
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3. T hat, o f  the data thus assem bled, those w hich are o f  use for forecasting  w ithin  48 hours 
should  b e  d issem inated in accordance w ith the U .R .S .I . decisions by su itab le availab le  
com m unication  channels ;

4. T hat the other data, o f  use for the im provem ent o f  forecasting technique in general and for  
other purposes, should  be dissem inated by ordinary post or a ir m a il; i f  they deem  it o f  use

' for the organization  o f  regional forecasts or for  scientific research, interested adm inistrations  
m ay organize a lone or preferably collectively  after centralization o f  in form ation , the d issem in
a tion  o f  detailed in form ation  by radio ;

5. T hat certain short, but regular, transm issions, giving short-term  w arnings o f  ionospheric  
disturbances, should  be effected by. long  range radio stations ;

6. T hat the attention  o f  the U .R .S .I . should  be drawn to  the advantages o f  the fu llest possib le  
standardization o f  the codes to  be used either for the short w arnings m entioned  in  § 5, o r  for  
the exchange o f  the lim ited  in form ation  m entioned in § 3 or the general in form ation  m entioned  
in § 4 ; '

7. T hat adm inistrations should  be invited to  conform  to  the resulting codes and to  m ake them  
k n ow n to  their operating services ;

8. T hat the adm inistrations should  invite these services, together w ith  operating agencies, to . 
study the accuracy o f  the forecasts, to  subm it records and to  m ake any su ggestions w hich  
m ight assist the studies undertaken to  im prove the m ethods used  ;

9. T hat special atten tion  should  be paid to  the com parison betw een the forecasts and the actual 
behaviour o f  radio circuits ; it is particularly desirable that adm inistrations sh ou ld  adopt 
identical m ethods o f  assessing the quality o f  the circuits by using a su itab le c lassification  ;

10. T hat it is also desirable that a com m on m eth od  should  be adopted  to  describe ionospheric  
perturbations, taking account o f  such factors as : starting tim e, zo n e  affected, duration and  
im portance o f  the perturbation.

R E C O M M E N D A T IO N  N o . 60

B E S T  M E T H O D S  F O R  E X P R E S S IN G  T H E  F IE L D  S T R E N G T H  
O F  U N M O D U L A T E D  C O N T IN U O U S  W A V E  T R A N S M IS S IO N S

(Q uestion  N o . 8, § A . la )

The C .C .I.R ., (G eneva, 1951)

CONSIDERING :

(a )  T hat the field strength w hich  is m ost easily m easured is that o f  a stab le p lane w ave o f  linear  
polarization  and constant am plitude ;

(b ) T hat fields to  be m easured are in practice usually  com posed  o f  several w aves ;

(c )  T hat field strengths to  be m easured generally vary as a fun ction  o f  tim e ;

(d )  T hat a single com ponent o f  the resultant field is generally used but that one or several other  
com ponents m ay also  be p r e se n t;
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UNANIMOUSLY RECOMMENDS I

1. T hat a field  at a  given poin t due to  a stable plane w ave o f  linear polarization and constant 
am plitude be expressed :

1.1 In respect to  intensity,

1.1.1 F or  frequencies below  300 M c/s by the R M S  value o f  the electric vector in vo lts (or 
subm ultiples) per metre,

1.1.2 F or  frequencies higher than 3000 M c/s by the pow er flux o f  the P oynting  vector in 
w atts (or subm ultiples) per square metre,

1.1.3 F o r  frequencies betw een 300 and 3000 M c/s by either o f  these tw o quantities ;

1.2 In respect to  d irection , by the direction o f  the electric vector ;

2. T hat a com plex field o f  constan t strength be represented by the com ponent or com ponents  
to  be studied. T he variation o f  the apparent field strength as a function  o f  the orientation  
o f  the antenna constitu tes a first elem ent o f  practical inform ation on the com plexity  o f  the  
field ;

3. T hat a com plex field, the strength o f  w hich varies in tim e, be represented by recordings o f  the  
com p on en t or com ponents to  be studied. T hese recordings should be m ade w ith  a tim e  
constan t adapted to  each case, w ith  a view  to  ascertaining, according to  practical requirem ents, 
the average strength o f  the field and the percentages o f  tim e during w hich it  exceeds certain  
values.

R E C O M M E N D A T I O N  N o .  61

B E S T  M E T H O D S  F O R  E X P R E S S I N G  T H E  F I E L D  S T R E N G T H  

O F  M O D U L A T E D  C O N T I N U O U S  W A V E  T R A N S M I S S I O N S

(Q u e s t io n  N o .  8 , § A . l b )

The C .C .I.R ., (G eneva, 1951)

CONSIDERING :

(a )  T hat th is qu estion  should  be confined to  classical am plitude m odulation , since for purposes 
o f  field strength m easurem ent a frequency-m odulated  w ave can be considered as an un
m odu lated  con tin u ou s w ave, and telegraph m odu lation  can be regarded as a. particular case  
o f  pu lse transm ission ;

(b )  T hat satisfactory  processes and apparatus for field strength m easurem ent have been evolved  
and are w ell kn ow n  for th is type o f  tra n sm iss io n ;

(c )  T hat in the large m ajority o f  field strength m easurem ent processes use is m ade o f  the observa
tio n  o f  a rectified c u r r e n t;

UNANIMOUSLY RECOMMENDS :

1. T hat the field  produced by a .m o d u la ted  continuou s w ave transm ission  can norm ally be  
satisfactorily  m easured by a field strength m easuring apparatus provided that the linearity  
o f  the apparatus is adequate ;

2. T hat to  a llow  for  certain special cases such as overm odulation  o f  the transm itter or carrier 
am plitude variation  w ith m odu lation , it is desirable to  m ake the m easurem ent during t h e , 
absence o f  m odu la tion  in order to  m easure the norm al field strength o f  the carrier.

N ote . —  T he case o f  overm odulation  or o f  carrier am plitude variation w ith  m odu la tion  is
o f  im portance from  the po in t o f  v iew  o f  m onitoring and control, and sh ou ld  be the object o f
further studies.



R E C O M M E N D A T IO N  N o . 63

B E S T  M E T H O D S  F O R  E X P R E S S IN G  F IE L D  S T R E N G T H  
F O R  R E D U C E D  C A R R IE R  T R A N S M IS S IO N S

(Q uestion  N o . 8, § A .ld )

T he C .C .I.R ., (G eneva, 1951)

CONSIDERING ;

(a )  T hat the field strength o f  a reduced carrier transm ission in a g iven  place depends am ong  
other factors o n  : ~

(1) the type o f  transm ission,

(2) the m agnitude o f  the independent side bands, relative to  the carrier ;

(b )  T hat in  current practice the m axim um  nom inal pow er and d istortion  o f  a channel m ay at 
tim es be exceeded during a transm ission ;

(c )  T hat the pow er o f  the carrier is the on ly  constan t elem ent during transm ission but that there  
is noth in g  to  prevent the carrier from  being adjusted to  a level different from  norm al nor is 
there anyth ing to  prevent the channels from  having different m axim um  nom ina l pow ers ;

( d ) T hat consequently  the field strength o f  such a transm ission cannot.be satisfactorily  represented  
by the field strength o f  its carrier nor can it be represented by the field  strength o f  any  on e  o f  
the channels w ithou t a detailed  description o f  the con d ition  o f  operation  o f  the c h a n n e l;

( e)  T hat for  a reduced carrier transm ission  there exists for  each  channel a  peak field produced  
w hen the transm itter is delivering to  this channel its m axim um  nom inal pow er ;

( f )  T hat the peak  field strength so  defined represents the field strength o f  th is transm ission  for  
the channel under consideration  and. that com plete  representation .o f  the transm ission  
necessitates know ledge o f  the peak field strength for each c h a n n e l;

UNANIMOUSLY RECOMMENDS :

T hat the field strength produced  by a reduced carrier transm ission  .be represented by the  
m axim um  peak  field strength, and a lso  by the average o f  the peak field  strengths, taken over  
an interval lo n g  enough  to  include a sufficient num ber o f  peaks o f  m axim um  m od u la tion , for

1. each  channel operating separately ;

2. a ll channels sim ultaneously  in norm al operation .

N o te . —  T he m easurem ent o f  the field strength for  reduced carrier, transm ission  needs in  
princip le the cooperation  o f  the station  being m easured. It is desirable but n o t ind ispensab le  
that during the m easurem ent the station  sh ou ld  transm it in  the channel being  m easured a single  
m odulating frequency selected  near the centre o f  the band a llo tted  for  the channel.
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R E C O M M E N D A T IO N  N o . 65

F IE L D  S T R E N G T H  M E A S U R E M E N T  

D esirab le and a tta in ab le  A ccuracy o f F ield  S treng th  
M easu rem en t fo r each Frequency Band

(Q u estio n  N o . 8, § A .4)

T he C .C .I.R ., (G eneva, 1951)

CONSIDERING .'

(a )  T hat the attainable accuracy o f  m easurem ent o f  field strength depends o n  the design o f  
equipm ent, carefulness o f  in sta lla tion  and use, loca tion  o f  m easuring sites, cond itions under  
w hich  the m easurem ents are m ade, and the sk ill o f  the operator ;

(b )  T hat the princip les o f  field  strength m easurem ent have rem ained unchanged since the Vth  
Plenary A ssem bly  o f  the C .C .I .R ., but that equipm ent is gradually being  im proved in  range, 
accuracy and  convenien ce o f  operation  ;

(c )  T hat the principal instrum ent error is caused by inaccuracy in vo ltage m easurem ent over 
a w id e  range o f  v o ltage  ;

(d )  T hat portable field strength m easuring equipm ent covers a sm aller vo ltage  range and  is less 
stab le than that at fixed insta lla tion s ;

(e )  T hat the degree o f  accuracy needed  at present can  be obtained, but on ly  by the use  o f  costly , 
com plex  and non -portable  e q u ip m e n t;

UNANIMOUSLY RECOMMENDS :

1. T hat m ore stab le and  less com p lex  portable field strength m easuring equipm ent should  be 
developed , in  order to  increase the attainable accuracy o f  such m easurem ent in  each  
frequency band ;

2. T hat the accuracy o f  m easurem ents o n  unm odulated  continuou s w ave transm issions now  
attainable in norm al operation  using present-day portable equipm ent is probably som ew hat 
better than sh ow n  in  T able I, taken from  the proposals subm itted  to  the V th  Plenary A ssem bly  
o f  the C .C .I.R ., S tockh olm , 1948, as published by the G eneral Secretariat o f  the I .T .U ., 
G eneva, 1949, page 263 ;

Table I

Frequency band Accuracy o f measurement 
(db)

Minimum field strength at 
which this accuracy is obtained 

((xV/m)

10-30 kc/s ± 2 10
3 0 -3 0 0 kc/s ± 2 5

3 0 0 -3 0 0 0 kc/s ± 2 2
3-3 0 M c/s ± 2 2

3 0 -3 0 0 M c/s ± 3 5
3 0 0 -3 0 0 0 Mc/s dz 5 50

3 0 0 0 -3 0  0 0 0  M c/s z t  5 10 *

* 10 (jt,V/m corresponds approximately to 2.7 x 10 13 watts/sq. m.

3. T hat a study be m ade to  d iscover the accuracy requirem ents for  field strength m easurem ents 
for  various purposes such  as com m unications, control, and  scientific and industrial 
applications.
A  num ber o f  these  require accuracies greater than those sh ow n in  T able I ;
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4. T hat field strength m easuring equipm ent sh ou ld  be so  designed and operated that the  
accuracy o f  m easurem ent w ill be lim ited principally by the accuracy o f  the vo ltage  m easuring  
device ;

5. T hat in reporting the results o f  field strength m easurem ents, the estim ated accuracy o f  the  
m easurem ents should  always be given.

R E C O M M E N D A T IO N  N o . 67

A T M O S P H E R IC  N O IS E  D A TA

(Q uestion  N o . 10)

T he C .C .I.R ., • (G en eva , 1951)

CONSIDERING :

(a )  T hat R eport N o . 5 o f  the U .S . A rm y Signal C orps R ad io  Propagation  U n it is considered  
to  be the m ost usefu l docum ent at the present tim e giving in form ation  on atm ospheric no ise  
levels throughout the world, a lthough m ore reliable in form ation  exists for  specific loca tion s ;

(b )  T hat the predicted noise  levels given in  th is report m ay be in error by am ounts ranging from  
5 to  20 db under certain cond itions ;

(c )  T hat this R eport is based on several k inds o f  observations taken at po in ts n o t uniform ly  
distributed over the w orld ;

RECOMMENDS :

1. T hat continued  but cautious use should  be m ade o f  the data in  this pu b lication  and in the  
other publications m entioned in C .C .I.R . R eport N o . 8 ;

2. T hat in order to derive greater use from  pu b lications on  atm ospheric no ise  in  the future, the  
necessary steps should  be taken to  verify and am plify them  w ith  any data that m ay becom e  
available.

R E C O M M E N D A T IO N  N o . 72

U S E  O F  8364 k c /s  F O R  R A D IO  D IR E C T IO N  F IN D IN G

(Q u estio n  N o . 21)

T he C .C .I.R ., (G eneva, 1951)

CONSIDERING :

(a )  T hat the International R ad io  C onference o f  A tlan tic  C ity (1947) in N ° 780 o f  the R ad io  
R egulations states that

“ T he frequency 8364 kc/s m ust be used by lifeboats, liferafts and other survival craft, 
i f  they are equipped to  transm it o n  frequencies betw een  4000 and 23 000 kc/s, and if  
they desire to  establish w ith stations o f  the m aritim e m obile  service com m u nication s  
relating to .sea rch  and rescue operations see (600) ”  *.

* The use o f 8364 kc/s. for these purposes depends upon the implementation o f the appropriate portion o f the Atlantic 
City Table of Frequency Allocations.
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(b )  T hat land stations w ill, w h en  the appropriate portions o f  Art. 33 o f  the A tlantic  C ity R ad io  
R egulations becom e effective, keep w atch  during their service hours on  the band 8356 to  
8372 k c /s ; o f  w hich 8364 k c /s is the centre ;

(c )  T hat R egu lations 13 and 14 o f  Chapter IV  o f  the Safety o f  L ife at Sea C on ven tion  (1948) 
ind icate  m inim um  specifications for autom atic distress transm itters ;

.(d) T hat tests and operational experience have show n that h igh  frequency radio direction-finding  
o n  8364 kc/s m ay be a valuab le aid  (in  conjunction  w ith direction-finding o n  500 kc/s), in
finding the p o sitio n  o f  b o th  aircraft and ships in  distress and survival c r a f t ;

(e )  T hat com plete  coverage ca n n ot be obtained w ith  direction-finding o n  on ly  one h igh  frequency  
because o f  the lim itations caused by radio propagation  conditions ;

( f )  T hat h igh  frequency radio direction-finding required apparatus as free as possib le  from  lo ca l  
site  error and polarization  error ;

(g )  T hat the accuracy o f  the bearing w ill depend up on  the field strength o f  the signal and the  
signa l/no ise  ratio ;

(h )  T hat in v iew  o f  the rapid variation  o f  the apparent azim uth o f  the bearing w hich  is frequently  
observed in h igh frequency radio direction-finding, m easurem ents sh ou ld  be m ade over  
several m inutes to  obtain  a m ore accurate m ean bearing ; and that the bearing and fix m ay  
be im proved subsequently by  a further series o f  m easurem ents ;

( i)  T hat standardized distress transm issions are desirab le;

( j )  T hat it  is essential to  have a m eans o f  rapid com m unication  betw een the w atch-keeping  
sta tion  and the d irection-finding stations ;

RECOMMENDS I

1. T hat the site  o f  the h igh  frequency radio  direction-finding station  sh ou ld  be, as far as 
possib le  :

1.1 F la t and  h orizon ta l for a radius preferably o f  at least 200 m etres w ith  the surrounding  
n eighb ourhood  flat and free from  obstruction ;

1.2 O f h igh  and uniform  ground conductiv ity  ;

1.3 Free from  large m etallic  m asses and objects likely to  resonate at frequencies near to  8364 k c /s  ;

2. T hat the aerial system  sh ou ld  be as free as possib le  from  w ave polarization  error (e.g. A dcock  
system s and spaced lo o p  system s) ;

3. T hat the D F  receiver bandw idth  used when bearings are taken should  be as narrow  as 
possib le , com patib le w ith  the m odu lation  and frequency stability o f  the signal on  8364 kc /s, 
and that a  broader bandw idth  p o sition  should  a lso  be incorporated in  the receiver for  
w atch-keeping purposes ;

4. T hat the sensitivity o f  th e  d irection-finding equipm ent should  be such that it operates 
satisfactorily  w ith  a field strength as low  as 5 (xV/m ;

5. T hat the bearing should  be determ ined by an aural-null m ethod or by any other m ethod  o f  
com parable or better accuracy ;

6. T hat the d irection-finding equipm ent should  be adjusted, balanced and calibrated at frequent 
intervals on  the frequency o f  8364 k c /s ;

7 . T hat the signal radiated by survival craft should  be as strong as possib le  and stable in  
frequency to  ensure the greatest accuracy in determ ining the bearings ;

8. T hat the signals transm itted by survival craft should  preferably include lon g  dashes sent  
over a period o f  n o t less than four m inutes for  direction-finding purposes. T he atten tion o f  
adm inistrations sh ou ld  be drawn to  the precise form  and content o f  such signals proposed
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by France, U .S .A . and U .K ., g iven  in  D o c . N o s . 39 (France), 43 and  99 (U .S .A .)  and  
44  (U .K .) o f  G eneva, and to  the qu estion  o f  w hether it w ou ld  be desirable to  use a co m m on  
form  o f  signal for  b o th  500 and  8364 k c /s  ;

■ 9. T hat, in  order to  give as great an accuracy o f  fix as possib le , several w idely-spaced  and  inter
connected  direction-finding stations should  be em ployed  (see A n nex) ;

10. T hat the classification o f  accuracy o f  bearings or  o f  fix, as the case  m ay be, as g iven  in  
A pp, 15, § 5 and 6 o f  the A tlan tic  C ity R a d io  R egu lations sh ou ld  be used  w h en  exchanging  
direction finding in form ation  ;

11. T hat the atten tion o f  adm inistrations concerned should  be drawn to  the advantage o f  their  
studying further :

11.1 T he m o st su itab le type o f  netw ork  for provid ing rapid com m u nication  betw een direction- 
finding stations and  p lotting  centres ;

11.2 T he m ost su itable w ay in  w h ich  in form ation  sh ou ld  be exchanged betw een  different stations  
or netw orks (e.g. u se  o f  “  Q ”  code) ;

11.3 T he best w ay to  evaluate the m ost probable fix (position) from  bearings supp lied  by the  
direction-finding stations ;

12. T hat the atten tion  o f  adm inistrations sh ou ld  a lso  be drawn to  the fact that w orld-w ide  
direction-finding coverage cannot be obtained  w ith on ly  one h igh  frequency.

A N N E X

A c c u r a c y  o f  B e a r i n g s  o n  8364 kc/s

A t d istances greater than  abou t 1200 km  the root-m ean-square (R M S ) bearing error to  
be expected  w ith  a  m o d em  H F -D F  system  is o f  the order o f  3 to  5 degrees.

A t distances less than 1200 km  the error progressively increases w ith  decrease o f  distance  
to  values o f  the order o f  5 to  10 degrees ; at sm all d istances, less than  abou t 100 km , the error  
m ay be even  greater than 10 degrees.

T he above figures refer to  the arithm etic m ean o f  bearings spread over an interval o f  not 
m ore than abou t 10 m inutes.

R E C O M M E N D A T IO N  N o . 73

S T U D Y  O F  R E L A T IO N S H IP S  B E T W E E N  P E A K  P O W E R  
A N D  M E A N  P O W E R

(Q u estio n  N o . 22)

T he C .C .I.R ., . (G eneva, 1951)

CONSIDERING :

(a )  T hat the R ad io  R egulations, A tlan tic  C ity, 1947, Art. 1, Section  IV , N o s . 60 to  64, ca ll for  
the use o f  “ peak pow er ”  in  specifying the pow er o f  a  radio  transm itter, but a llo w  the  
add itional use o f  “ m ean pow er ”  in  cases w here the peak pow er specification  is n o t  
satisfactory or adequate ;
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(b )  T hat in m any cases it w ill be possib le  to  m easure the peak  pow er directly and in others it 
w ill be  possib le  to  derive the peak  pow er from  m easurem ents m ade under suitably arranged  
test con d ition s ;

(c )  T hat a specification  o f  radiated pow er is advantageous for  use in  calcu lations o f  radio  
propagation , channel spacing, signal-to-interference ratios and signal-to-noise  ratios involved  
in  radio  com m u nication s ;

(d )  T hat for  adm inistrative purposes or for the calcu lations in  (c)> the specification  o f  peak  
pow er as defined in  the R ad io  R egulations, A tlan tic  C ity, 1947, is n o t sufficient to  evaluate  
adequately the interference-producing capabilities o f  a s ig n a l ;

(e )  T hat in  m onitorin g  or field-intensity recording o f  the strength o f  radio signals the use o f  
autom atic  recorders frequently involves m easurem ents o f  average rather than peak  field  
strength ; for  som e types o f  m odulated  signal, the m ean field intensity is n o t affected by the  
m odu lation  ;

( f )  T hat consequently  it is necessary for the field strength as m easured by use o f  m onitoring  
' equipm ent to  be interpreted consistently  in  term s o f  the rated pow er o f  the transm itter ;

(g )  T hat in form ation  on transm itter pow er expressed in  term s o f  peak or m ean pow er alone, as 
defined in the R a d io  R egulations, A tlan tic  C ity, 1947, is adequate on ly  for  certain  types o f  
em ission  and  for certain uses o f  the in form ation  ; in m any cases it is desirable to  use pow er  
ratings expressed otherw ise ;

RECOMMENDS :

T hat the table attached  in  the A nnex, w h ich  presents, for  each type o f  em ission  specified in  
the R a d io  R egu lations, A tlan tic  C ity, 1947, the relationsh ips betw een peak pow er and m ean pow er, 
and a lso  the pow er under cond itions o f  no  m odu lation , should  wherever practicable, supersede  
the A n nex  to  Q uestion  N o . 22.

A N N E X

C o n v e r s i o n  T a b l e  f o r  R e l a t i o n s h i p s  b e t w e e n  P e a k  P o w e r  a n d  M e a n  P o w e r

1. In  the fo llow in g  table the sym b ols Pp and Pm  ind icate  peak  pow er and m ean pow er, 
respectively, as defined in  Art. 1 o f  the R ad io  R egulations, A tlan tic  City, 1947, w h ich  states 
t h a t :

1.1 T he peak  pow er o f  a radio transm itter is the m ean  pow er supplied to  the antenna during  
on e  radio frequency cycle a t the h ighest crest o f  the m odu lation  envelope, taken under  
con d ition s o f  norm al operation , and

1.2 T he m ean  pow er o f  a  radio transm itter is the pow er supplied to  the antenna during  
norm al operation , averaged over a tim e sufficiently lo n g  com pared to  the period  cor
respond ing to  the low est frequency encountered in  actual m odu lation— in general a  
tim e o f  1/10 second  during w hich  the m ean pow er is a m axim um , w ill be selected.

2. In the fo llo w in g  table the average pow er w hich a transm itter supplies to  its antenna during  
on e  radio frequency cycle under cond itions o f  n o  m odu lation  is considered to  have a value  
o f  unity. C on d ition s o f  n o  m odu lation  are specified in  the table. W ith  these cond itions  
as a reference, relative values o f  Pm  and Pp for  various m odulated  em issions are ind icated  
by  conversion  factors under the colum ns Pm  and  Pp, w here applicable.

3. Specification  o f  m odu latin g  w ave form  is essentia l for  conversions betw een peak  pow er  
ratings and pow er ratings o f  other types. A ccordingly , one or m ore “ characteristic  
m odu lation s ’’ are assum ed and described for  each  class o f  em ission  evaluated in the fo llow in g  
table. T o  perm it proper eva lu ation  o f  poten tia l geographical interference ranges, these  
“ characteristic m odu lation s ”  are chosen , as far as possib le , to  give m axim um  ratios o f  
P p to  Pm .
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Type of Modulated 
Emission

■

Characteristic
M odulation

Condition 
of No Modulation

Conversion Factors 
(See 2 above)

Pm P p

Amplitude
Modulation

A1
(On-off
telegraphy)

Series o f  rectangular dots ; equal 
marks and spaces ; zero space 
amplitude

Key down 0.5 
(N ote 1)

1

A2
(Telegraphy with 
keying o f  audio 
frequency

Series o f rectangular dots ; equal 
marks and spaces ; single sine- 
wave audio frequency modulating 
to n e ; 100% modulation

modulating tone, 
or o f modulated (a )  M odulating tone keyed (a) Key up (tone removed) (a) 1.25 (a) 4

emission) (b )  M odulated emission keyed (b) Key down (tone 
removed)

(b )  0.75 (b) '4

A3
(Double-sideband  
telephony full

(a )  Single sine-wave audio fre
quency modulating tone ; 
100% modulation

(a) Carrier only 
(N ote 2)

(a) 1.5 (a) 4

carrier) (b )  Sm oothly read text (b) Carrier only 
(N ote 2)

(b) 1 to 1.08 (b) 4

A3a  
(Single-sideband 
reduced carrier)

See Supplementary Table 1 and 
N ote 3

A3b
(Two independent 
sidebands reduced 
carrier)

See Supplementary Table II and 
N ote 3

A4
(Facsimile)

Black and white checkerboard 
picture giving square modulating 
wave ; 100% modulation

Full carrier amplitude 0.5
(N ote 6)

1
(N ote 6)

A5
(Television)

(See N ote  4)

Frequency 
or phase  

modulation 
FI 
F2  
F3 
F4 
F5 
F9

(For all types o f frequency or 
phase modulated transmissions the 
m odulation changes the distribu
tion o f power in the frequency 
band o f the emissions while 
leaving the total power o f the 
em issions unchanged)

1
1
1
1
1
1

1
1
1
1
1
1

Pulse
PI

(Simple
telegraphy)

Pulse train keyed on and o f f ; mark 
and space e q u a l; rectangular 
pulses, constant amplitude and 
duty cycle

Key down 
(N ote 5)

0.5 
(N ote 5)

1/duty cycle
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Type of Modulated 
Emission

Characteristic
M odulation

Condition 
of No M odulation

Conversion Factors 
. (See 2 above)

Pm pP

P2d
(Pulses, amplitude 
modulated ; 
constant 
duty cycle)

P2e
(Pulses, width or 
duration 
modulated ; 
constant 
amplitude)

P2f
(Pulses, position  
or phase 
modulated ; 
constant 
amplitude)

Audio frequency tone-modulatec 
marks and spaces ; single sine-v 

100%

(a) M odulating tone keyed

(b )  M odulated em ission keyed

(a )  M odulating tone keyed

(b) M odulated emission keyed

(a) M odulating tone keyed

(b ) M odulated emission keyed-

telegraphy. Series o f equal 
rave audio frequency moduL

modulation.

(a )  Key up (tone removed) 
(N ote 5)

(b) Key down (tone 
removed) (N ote 5)

(a )  Key up (tone removed) 
(N ote 5)

(b )  Key down (tone 
removed) (N ote 5)

(a )  Key up (tone removed) 
(N ote 5)

(b )  Key down (tone 
removed) (N ote 5)

rectangular 
iting tone ;

(a )  1.25

(b )  0.75

(a )  1

(b )  0.5

(a )  1

(b )  0.5

(a) 4/duty cycle

(b) 4/duty cycle

(a) 1/average 
duty cycle

(b )  1/average 
duty cycle

(a) 1/average 
duty cycle

(b) 1/average 
duty cycle

P3d
(Pulses, amplitude 
modulated ; 
constant 
duty cycle)

P3e
(Pulses, width or 
duration 
modulated ; 
constant 
amplitude)

P3f
(Pulses, position  
or phase 
modulated ; 
constant 
amplitude)

Telephony
(a )  Single sine-wave audio fre

quency modulating tone ; 
100% modulation

(b )  Sm oothly read text

Single sine-wave audio frequency 
modulating to n e ; 100% modula

tion ; rectangular pulses

(a) Pulse carrier only 
(N ote 5)

(b )  Pulse carrier only 
(N ote 5)

Pulse carrier only (N ote 5) 

Pulse carrier only (N ote 5)

(a )  1.5

(b )  1 to 1.08 

1

1

(a )  4/duty cycle

(b) 4/duty cycle

1/average 
duty cycle

1/average 
duty cycle

N o te  1. —  F or M orse Pm  =  0.49 Pp.

F or International A lphabet N o . 2  : Pm  =  0.58 Pp.

N o te  2. —  T he peak pow er o f  double sideband transm itters is nom inally  four tim es the  
pow er o f  the unm odulated  carrier. T o  determ ine the proper level for  applying speech tw o tones 
are em ployed , as in  the single sideband case described in  N o te  3. In a w ell-constructed transm itter, 
this should  result in reasonably high percentages o f  m odulation .
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It has been foun d  in connection  w ith sm ooth ly-read  text that a  reading o f  2 (V U  * m eter  
readings) corresponds to  a m ean pow er o f  zero dbm  ** m easured in  the aud io  frequency band, 
nom inally  up  to  3000 or 4000 cycles/second.

N o te  3. —  T he tw o-ton e m eth od  o f  rating the pow er o f  single sideband radio te lephone  
transm itters consists o f  setting the level o f  each  o f  tw o  equal tones applied  to  the audio  
frequency input so  that the resulting cross-m odulation  term  (2f1—f2) is 25 db below  the level 
o f  either tone, m easured in  the r.f. output o f  the transm itter ; the peak  pow er rating o f  the  
transm itter is  taken as four tim es the r.f. pow er output, after rem oval o f  on e  o f  the tw o  tones. 
Single channel speech is applied at the audio frequency input at a  V U  level equal num erically  
to  the m ean dbm  level o f  one o f  the tw o aforem entioned tones. F o r  m ultichannel single sideband  
transm ission, the level o f  each  channel is reduced 0.5 ( N — 1) db, w here N  is the num ber o f  
channels, up  to  a total o f  abou t four.

N o te  4. —  D epend in g  on  the standards used, the co n d itio n  o f  n o  m odu lation  m ay n ot  
apply. F or any particular case, the ratio o f  m ean pow er to  peak  pow er can be calculated , for  
the extrem e cond itions o f  a ll-b lack and all-w hite pictures, by tak ing in to  accou nt the relative  
am plitudes and  durations o f  blanking signals, synchronizing pu lses and picture signals. A s  
exam ples, in  the 525-line, 60-field system  used at present in  the U n ited  States, this results in  a 
ratio o f  Pm  to  Pp o f  0 .164 for  an all-w hite picture and  0.608 for an all-b lack picture ; in the  
405-line, 50-field system  n ow  used in the U n ited  K in gdom , the ratios are 0 .800  for  an all-w hite  
picture and 0 .080 for an all-b lack picture.

N o te  5. —  T he average pow er w hich a pulse transm itter supplies to  its antenna during  
one pulse period o f  an  unm odulated  pulse train (PO  cond itions) is considered to  have a value  
o f  unity.

N ote  6. —  T he values listed  here are based u p on  direct facsim ile scanner m odu lation  o f  
the m ain radio frequency carrier. W hen the output o f  the facsim ile scanner m odulates a sub
carrier and th is sub-carrier is then applied as am plitude or frequency m od u la tion  o f  the m ain  
carrier, the resultant em ission  has A 3, A 3a, A 3b , or F3 characteristics and  the appropriate  
pow er relationships, therefore, m ust be sought in  the corresponding section  o f  the table.

S u p p l e m e n t a r y  T a b l e  I

Ratio o f  Pm to Pp for A3a Emission )

Condition of N o Modulation Characteristic M odulation

Carrier Level, Referred to 
Peak Power of Sideband

f  Single Sine-wave Audio 
Frequency Modulating 

Tone : Transmitter Fully 
Loaded

t f  Smoothly R ead-T ext: 
Transmitter Fully Loaded

f f f  “ Other ”  Programme 
Material ; Transmitter 

Fully Loaded

- 1 0  db 
- 2 0  db 
- 3 0  db 
— 00

(fully suppressed)

0.636 ( - 1 .9 7  db) 
0.835 ( - 0 .7 8  db) 
0.940 ( - 0 .2 7  db) 
1.000 (0 db)

0.149 ( - 8 .2 7  db) 
0.139 ( - 8 .5 7  db) 
0.150 ( - 8 .2 4  db) 
0.158 ( - 8 .0 0  db)

0.115 ( - 9 .3 9  db) 
0.091 ( - 1 0 .4  db) 
0.095 ( - 1 0 .2  db) 
0.100 ( - 1 0 .0  db)

For notes see page 67.

* This refers to readings o f a VU meter, which is a volume indicating device having certain specific dynamic characteristics, 
and which is described in Proc. I.R.E., 28,1 (January 1940). Such a device reads zero for a 1000-cycle tone delivering 1 milliwatt 
to a load impedence of 600 ohms. When speech volume is measured by it according to I.R .E. standards, a reading o f zero 
corresponds to zero VU.

** dbm defined as “ power in decibels referred to one milliwatt ” .
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Ratio o f  Pm to Pp fo r  A3b Emission

Condition of No Modulation Characteristic Modulation

Carrier Level, Referred to 
Peak Power of Either 

Sideband

t  Single Sine-wave 
Audio Frequency 

Modulating Tone on 
Each Channel : 

Transmitter Fully 
Loaded

t f  Each Channel 
Fully Loaded by 

Smoothly-Read Text : 
Transmitter Fully 

Loaded

f f f  Each Channel 
Fully Loaded by 

“ Other ” Programme 
Material : Transmitter 

Fully Loaded

Channel 1 Smoothly- 
read Text and 

Channel 2 “ Other ” 
Programme Material

- 1 0  db 
- 2 0  db 
- 3 0  db 
— 00

(fully suppressed)

0.392 ( - 4 .0 7  db) 
0.456 ( - 3 .4 1  db) 
0.485 ( - 3 .1 4  db) 
0.500 ( - 3 .0 1  db)

0.078 ( - 1 1 .1  db) 
0.074 ( - 1 1 .3  db) 
0.077 ( - 1 1 .1  db) 
0.079 ( - 1 1 .0  db)

0.056 ( - 1 2 .5  db) 
0.048 ( - 1 3 .2  db) 
0.049 ( - 1 3 .1  db) 
0.050 ( - 1 3 .0  db)

0.067 ( - 1 1 .8  db) 
0.061 ( - 1 2 .1  db) 
0.063 ( - 1 2 .0  db) 
0.065 ( - 1 1 .9  db)

f  For a single sine-wave Audio-Frequency modulating tone, the mean Radio-Frequency Power o f each sideband channel 
is equal to its peak Radio-Frequency Power (Atlantic City definition), but is 3 db below its maximum instantaneous Radio- 
Frequency Power : this 3 db difference corresponds to the 3 db difference between the mean and the instantaneous peak Audio- 
Frequency Power levels of the impressed modulation.

f f  For smoothly-read text, it is assumed that the mean Radio-Frequency Power o f each sideband channel is 8 db below 
its peak Radio-Frequencv Power (Atlantic City definition), or 11 db below its maximum instantaneous Radio-Frequency Power ; 
the-corresponding underlying assumption of an 11 db difference between the mean and equivalent instantaneous peak Audio- 
Frequericy Power levels of the impressed modulation is made in accordance with the most recent information available.

f f f  For conversational speech and certain programme material other than smoothly-read text, it is assumed that the mean 
Radio-Frequency Power of each sideband channel is 10 db below its peak Radio-Frequency Power (Atlantic City definition), 
or 13 db below its maximum instantaneous Radio-Frequency Power : the corresponding underlying assumption of a 13 db 
difference between the mean and equivalent peak Audio-Frequency Power levels of the impressed modulation is made in 
accordance with the most recent information available.

R E C O M M E N D A T IO N  N o . 74

P R IN C IP L E S  O F  T H E  D E V IC E S  U S E D  F O R  A C H IE V IN G  P R IV A C Y  
O F  R A D IO T E L E P H O N E  C O N V E R S A T IO N S

(Q uestion  N o . 30)

T he C .C .I.R ., (G eneva, 1951)

CONSIDERING 1

(a )  T hat the devices referred to  are intended for achieving p riva cy  rather than secrecy  o f  rad io
te leph one conversation s ;

(b )  T hat in  the interests o f  m axim um  privacy, the details o f  the system s em ployed  and o f  their 
perform ance, sh ou ld  be agreed up on  betw een the adm inistrations and private enterprises 
concerned  ;

UNANIMOUSLY RECOMMENDS :

1. T hat the fo llo w in g  statem ent o f  principles and  characteristics o f  the devices concludes the  
study o f  Q uestion  N o . 30 for  radio circuits operating on  frequencies less than about 
30 M c/s *.

* Information regarding this matter may be found in Doc. Nos. 47 and 48 of Geneva.
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1.1 P rinciples o f  the D evices

T w o general types o f  system s are used for achieving “ privacy ” or “ relative secrecy ”  
o f  radiotelephone circuits operating on frequencies less than a b ou t 30 M c/s  as fo llow s :

1.1.1 For D ou ble-S ideband S ystem s

Inverter system s w ith or w ithout w obbling o f  the carrier (i.e. rapid cyclic  variation  
o f  the carrier frequency over a few  hundred c /s), the speech band being inverted abou t 
a fixed frequency ;

1.1.2 For S ingle-S ideband S ystem s

B and-sp litting system s in  w hich the speech band is subdivided in to  equal frequency  
bands, the speech com ponents in the sub-bands being interchanged, w ith  or w ithout 
frequency inversion , and according to  a prearranged repetitive sequence, to  give  
“ scram bled ”  speech. T he process is reversed at the receiving term inal to  reform  the  
speech signals. A ccurate synchronisation o f  the sw itching processes at the tw o  
term inals is required ;

1.2 C haracteristics o f  the D evices

1.2.1 The band-splitting system  provides superior privacy to  that obtained w ith  the inverter  
system , but for  satisfactory operation  it can  to lerate less radio  d istortion  such, for  
exam ple, as is caused by selective fad ing  on the radio  link ;

1.2.2 T he apparatus is designed to  reduce to  a m inim um  atten uation  d istortion  and the 
levels o f  unw anted products o f  m odu lation  and o f  carrier signals. T he exten t o f  the 
perm issible d istortion  due to  the presence o f  the privacy devices is, in  general, dependent 
o n  the type o f  privacy and is usually  agreed betw een the adm inistrations or private  
enterprises concerned ;

1.3 L ocation  o f  the D evices

T o facilitate contro l and m aintenance, and on  the grounds o f  econ om y, the privacy apparatus 
is norm ally located  a t the po in t where the transm itting and receiving channels o f  a rad io
telephone circu it are com bined  ;

2. T hat for frequencies above  abou t 30 M c/s the details o f  the system s to  be em ployed  and o f  
their perform ance sh ou ld  be agreed up on  betw een the adm inistrations or private enterprises 
concerned.

R E C O M M E N D A T IO N  N o . 75

C L A S S IF IC A T IO N  A N D  E S S E N T IA L  C H A R A C T E R IS T IC S  
O F  F EE D -B A C K  S U P P R E S S O R S

(Q uestion  N o . 31)

T he C .C .I.R ., (G eneva, 1951)

CONSIDERING :

T hat the feed-back suppressors n ow  generally used  are o f  the type w h ose  operation  is 
sufficiently independent o f  the characteristics o f  those at the opp osite  end o f  the c ir c u it ;

UNANIMOUSLY RECOMMENDS :

That no  classification  o f  types nor term inology be adopted .
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E ssen tia l characteristics  

(§  (b )  o f  Q uestion  N o . 31)

T he essentia l characteristics o f  the feed-back suppressors used on  radiotelephone circuits in 
the U n ited  K in gdom  and in the U n ited  States o f  A m erica for fixed services are described respective
ly in  D o c . N o s . 49 and 51 o f  G eneva. T hese are in  substantial accord w ith the characteristics 
described in C .C .I.F ., 1950-1951, 5th Study G roup, D o c . N o . 7, Q uestion  N o . 2.

R E C O M M E N D A T IO N  N o . 76

V O IC E  O P E R A T E D  D E V IC E S  F O R  S H IP  S T A T IO N S  
A N D  C A R R IE R  O P E R A T E D  D E V IC E S  F O R  S H O R E  S T A T IO N S

(Q u estio n  N o . 32)

T he C.C.I.R., (G eneva, 1951)

CONSIDERING :

(a )  T hat the essentia l characteristics o f  the devices controlled  by vo ice  currents and1 acting on  
the carrier w ave in rad io-telephone stations o n  board ships and o f  the carrier-operated  
devices in  receivers o f  coast stations are their “ o p e r a te ”  and “ r e le a s e ” t im e s ;

(b )  T hat the operate tim es o f  the devices should  be short to  m inim ize clipping, and their release  
tim es sh ou ld  be sufficiently lo n g  to  enable the devices to  rem ain operated in the intervals  
betw een w ords in norm al speech ;

UNANIMOUSLY RECOMMENDS : .

1. T hat the operate and release tim es o f  the voice-operated  carrier sw itching un it o n  the ship  
should  be as fo llo w s :

Input Level Net Operate Time Net Release Time
(Note a) (Note b) (Note c)

— 30 db less than 25 ms between 75 and 170 ms
— 20 db less than 15 ms between 75 and 170 ms

2. T hat the operate tim e (N o te  d )  o f  the carrier-operated device in the coast station  receiver 
sh ou ld  be as short as practicable to  a llow  som ew hat longer operate tim es in  the sh ip ’s 
apparatus and should  n o t exceed 5 m illiseconds w hen  the carrier level at the input to  the  
receiver is m ore than 1 db above the level just necessary to  operate the device. T he required  
value o f  release tim e (N o te  e )  is dependent on  several factors, including the tim e constants  
o f  the au tom atic  gain contro l o f  the radio receiver and  a value betw een 10 and 50 m illiseconds  
is generally suitable.

(N o te  a ) .  —  Input level  refers to  the level o f  a test sinusoidal signal o f  frequency correspond
ing to  the m iddle o f  the voice-frequency range relative to  that producing 100%  m odulation .

(N o te  b ) .  —  N e t operate tim e  is the tim e w hich elapses betw een the instant the test signal 
is app lied  to  the input to  the m odu lator o f  the transm itter, and the instant w hen the carrier reaches 
50 % o f  its m axim um  am plitude.
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(N o te  c ) .  —  N e t release tim e  is the tim e w hich elapses betw een the instant w h en  the test 
signal is d isconnected  and the instant the carrier is reduced to  w ithin 5 db o f  the m axim um  
carrier suppression achieved.

(N o te  d ) .  —  O perate tim e  o f  the carrier-operated device is the tim e w hich elapses betw een  
the sudden application  o f  a test signal sim ulating the carrier w ave from  the sh ip  and the instant 
o f  openin g  o f  the receiving channel (the instant w hen  the attenuation o f  the receiving channel 
is w ith in  5 db o f  the final value o f  attenuation for the receiving condition).

(N o te  e ) .  —  R elease  tim e  o f  the carrier-operated device is the tim e w h ich  elapses betw een  
the cessation  o f  a test signal sim ulating the carrier w ave from  the ship and the instant o f  b lock ing  
o f  the receiving channel (the instant w hen the attenuation  o f  the receiving channel is w ith in  5 db  
o f  the final value o f  attenuation in  the b locked  condition).

R E C O M M E N D A T IO N  N o . 77

C O N D IT IO N S  N E C E S S A R Y  F O R  IN T E R C O N N E C T IO N  
O F  M O B IL E  R A D IO T E L E P H O N E  S T A T IO N S  

(F O R  IN S T A N C E  A U T O M O B IL E S , A IR C R A F T  A N D  S H IP S ) 
A N D  IN T E R N A T IO N A L  T E L E P H O N E  L IN E S

(Q u estio n  N o . 33)

T he Q .C .I.R ., (G eneva, 1951)

CONSIDERING :

(a )  T hat the conditions concern ing w hich in ternational agreem ent is necessary appear to  be 
few  in  num ber ;

(b )  T hat these conditions, i f  m et, w ou ld  perm it su itab le in terconnection  betw een m obile  rad io
telephone stations and international telephone lines ;

RECOMMENDS :

1. T hat m obile  radiotelephone circuits, intended for  connection  to  international te leph one  
system s, should  term inate (on  a 2-wire basis, for  the present at least) in such a w ay that they  
m ay be connected to  international lines in  the sam e m anner as other land-line connection s ;

2. T hat the m obile  rad iotelephone circuits sh ou ld  accept from  and deliver to  the land-line  
system , speech volum es conform ing, as far as possib le, to  the C .C .I.R . and C .C .I.F . standards 
for  connections to  international circuits ;

3 . T hat the attenuation-frequency characteristics o f  the radio  system  (including the land-lines  
to  the radio receiver and radio transm itter) sh ou ld  be such that the grade o f  transm ission  
is n o t unduly affected ; and  in particular, the effectively transm itted band sh ou ld  be n o t  less 
than 300 to  2600 c/s ;

4 . T hat the no ise  from  a rad io  circuit connected  to  an  international circu it sh ou ld  n ot be undu ly  
great and should  be insufficient to  operate frequently ech o  suppressors or other devices on  
dom estic or international circuits ;

5. T hat in  the case o f  m ob ile  rad iotelephone stations w h ich  m ay have to  com m unicate  w ith  land  
stations in  m ore than o n e  country, consideration  be given to  th e  necessity  for agreem ent 
as to  a m ethod o f  signalling for use betw een the land m ob ile  stations.
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R E C O M M E N D A T IO N  N o . 78

P R E V E N T IO N  O F  IN T E R F E R E N C E  T O  R A D IO  R E C E P T IO N  O N  S H IP S  *

(Q uestion  N o . 34)

T he C .C .I.R ., (G eneva, 1951)

CONSIDERING :

(a )  T hat the M aritim e R eg ion a l R a d io  C onference, C openhagen (1948), recom m ended to  the  
C .C .I.R . to  study the question  o f  interference to  radio reception caused by electrical insta l
la tion s on  board ship ;

(b )  T hat the Safety o f  L ife at Sea C onference, L on d on  (1948), requested that a ll steps be taken  
to  elim inate as far as possib le  the causes o f  radio interference from  electrical and  other  
apparatus on board ship ;

(c )  T hat electrical interference is caused  by the unw anted excitation  o f  the radio receiving equip
m ent, including the aerial, by fluctuating electrom agnetic fields set up  by other electrical 
insta lla tion s ;

(d )  T hat the fluctuation o f  e lectrom agnetic fields w hich gives rise to  interference is caused  by 
abrupt changes in  current in the source o f  interference, and by abrupt changes in the resistance  
o f  condu ctors situated  in  electrom agnetic fields ;

(e )  T hat electrical interference m ay be transm itted by direct radiation and induction  from  the  
source o f  interference itself, and a lso  by re-radiation and induction  from  conductors w hich  
carry interfering currents ; :

UNANIMOUSLY RECOMMENDS :

1. T hat the design, construction  and-installation  o f  electrical equipm ent in sh ips sh ou ld  be such  
that interference is m inim ized at its source ;

2. T hat electrical equipm ent installed  in sh ips should  be efficiently m aintained to  prevent any  
increase in  the level o f  interference w h ich  it  causes ;

3. T hat aerials used for transm ission or reception  should  be erected as far above and  as far 
aw ay as possib le  from  electrical m achinery and from  parts o f  the sh ip ’s structure such as 
funnels, stays and shrouds ;

4. T hat the dow n-leads o f  aerials w h ich  are used exclusively for reception sh ould  be screened ; 
that the screen sh ould  extend continuou sly  from  the receiver to  a p o in t w hich is as h igh as 
practicable above the sh ip ’s structure, and  that the screen should  be effectively connected  
to  the ground term inal o f  the receiver ;

5. That frame or loop aerials used for direction finding should be effectively screened against 
electrostatic interference ;

6. T hat the radio receiving room  sh ou ld  be effectively screened and situated as high as practicable  
in  the ship ;

7. T hat pow er converting p lant w ith in  the radio  receiving room  sh ould  be housed  in  a separate  
screened enclosure, un less the p lant is self-screened ;

* Interference from radar and other electronic equipment has not been specifically considered in framing this Recom 
mendation. The prevention o f radar interference is covered by Recommendation No. 45.
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8. T hat the radio receiving equipm ent sh ould  be designed so  that it is effectively screened ;

9. T hat suppressor filters to  prevent the propagation  o f  interference should  be fitted at the  
sources o f  interference, preferably built in to  the interference-producing equipm ent, and  that 
in particular :

(a )  T he electrical ignition  system s o f  internal-com bustion engines, incl uding th ose  w hich  
m ay be installed in life-boats, should  be fitted w ith suppressors ;

(b )  T he navigational instrum ents and associated equipm ent w hich are installed  in  the neigh
b ou rh ood  o f  the receiving aerials or the radio receiving room  should , i f  necessary, be 
fitted w ith  suppressors, be screened, and the screen effectively grounded ;

10. T hat cables in the vicinity o f  the receiving aerials or the radio receiving room , and cables 
w ithin  the radio room , should  be screened by enclosin g  them  in m etal condu its, un less the  
cables them selves are effectively screened ;

11. T hat tw in cables should  be used wherever possib le  : if  single-core cable is necessary, the  
“ lead ”  and “ return ”  conductors should  be fixed as c lose  to  one another as possib le  to  
avoid  the form ation  o f  lo o p s ;

12 . T hat suppressors should  be fitted to  cables at their p o in t o f  entry in to  the radio receiving  
room , un less they term inate c lose  to  the poin t o f  entry in  equipm ent w h ich  itse lf provides  
adequate screening and suppression ;

13. T hat cables, ducts and pipes w h ich  do n o t term inate in  the radio receiving room , should  
preferably n o t be installed in  the radio receiving room  ; i f  it is essential for  them  to  pass  
through the radio receiving room , the ducts and pipes and the screening o f  the cables should  
be effectively grounded ;

14. T hat a copper earth-busbar sh ou ld  be fixed a long  the bulkheads and bon ded  at several 
poin ts to  the sh ip ’s structure and to  the m etal structure or screening o f  the radio  receiving  
room  ; the screens o f  cables w ithin and  near to  the radio receiving room , as w ell as the screens 
o f  apparatus in  the radio-receiving room , should  be effectively connected  to  the b u sb ar;

15. T hat rigging should  be either insu lated from  or bonded  to  the sh ip ’s structure (stays that are 
subject to  considerable tension can m ore convenien tly  be bonded) ;

16. That in the case o f  sm aller vessels and those constructed  o f  w ood  the princip les recom m ended  
should  be applied  as far as is practicable ;

17 . T hat particular care sh ould  be taken to  m inim ize interference on  the frequency bands used  
for  distress and direction finding in  the m aritim e service ;

18. T hat adm inistrations should  bring the above recom m endations to  the a tten tion  o f  naval 
architects, shipbuilders and th o se  responsib le for the m anufacture, insta lla tion  and  m ain 
tenance o f  electrical equipm ent.

R E C O M M E N D A T IO N  N o . 80

H IG H  F R E Q U E N C Y  B R O A D C A S T IN G  D IR E C T IO N A L  A N T E N N A E

' (Q u estio n  N o . 23)

The C .C .I.R ., (G eneva, 1951)

CONSIDERING I

(a )  Q uestion  N o . 23 ;

(b )  T hat the form ation  o f  strong subsid iary lobes o f  rad iation  can be avoided  by the m ultip le  
feed ing of, and appropriate current d istribution in, appropriately spaced radiation  elem ents ;
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(c )  That, by this m eans, it is theoretically  possib le to  reduce the subsidiary lobes to  a sm all 
value for a lim ited  angle o f  slew  o f  the m ain beam , provided the w orking frequency does 
n ot m aterially differ from  the frequency for w hich an array is designed ;

(cl) T hat the realization  o f  these cond itions is, how ever, not considered to be practicable on  
grounds o f  com plexity  o f  insta llation , difficulty o f  operation and m aintenance o f  designed  
perform ances ;

RECOMMENDS :

That in  practical operating conditions, for purposes o f  calculating interference, the field 
strength in directions other than  that o f  the m ain lobe cannot be assum ed to  be less than  
222 m V /m  at a d istance o f  one kilom etre for one k ilow att o f  pow er supplied to the antenna *.

R E C O M M E N D A T IO N  N o . 82

T E L E V IS IO N  S T A N D A R D S

(R eco m m en d a tio n  N o . 29)

T he C .C .I.R ., (G eneva, 1951)

CONSIDERING :

T hat a study o f  te lev ision  standards was recom m ended by the C .C .I.R . at its V th  Plenary
A ssem bly, to  facilitate the interchange o f  program m es and to coordinate the design o f  receivers ;

RECOMMENDS :

1. T hat television  system s sh ou ld  be capable o f  operating independently o f  the frequency o f  
the pow er supply  ;

2. T hat the aspect ratio o f  .the picture should  be 4/3 ;

3. T hat line interlacing sh ou ld  be used in the ratio 2/1 ;

4. T hat the scanning o f  the p icture view ed during active periods should  be from  left to  right 
and top  to  b ottom  ;

5 . T hat the v ision  carrier should  be m odulated in am plitude ;

6. T hat receivers should  be designed for the reception, o f  vestigial sideband transm issions and  
that the v ision  carrier sh ou ld  be attenuated in the receiver ;

7. T hat transm itters should  be designed to  attenuate the low er or the upper sideband w ithout  
attenuating the carrier ;

8. T hat the v ision  and sound carriers should  be located w ithin  the channel, the v ision  carrier 
being 1.25 M c/s from  one edge and the sound carrier being 0.25 M c/s from  the other edge ;

9. That the unw anted sideband should  be attenuated so  that the radiated field  is reduced by 
at least 20 db at that edge o f  the channel w hich is 1.25 M c/s aw ay from  the v ision  carrier ;

10. T hat the black level sh ou ld  be a definite carrier level independent o f  the picture c o n te n t ;

* Refer to Statement of Specialized Secretariat of the C.C.I.R. on the subject The Gain, Directivity and Protection Ratio 
oj a Directional Antenna or Antenna Array, Doc. No. 24 of Washington as reproduced in Geneva, 1951.
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11. T hat there is n o  necessity to  standardize the polarization  o f  the transm itted wave.

N ote. —  In those countries where transm itters are already operating o n  a regular basis 
adm inistrations are free to  use their d iscretion as to  the exten t to  w h ich the provisions o f  § 6, 
7, 8 and 9 o f  this R ecom m end ation  m ay be im plem ented in the case o f  these transm itters, taking  
in to  account the m odifications to  existing receivers that m ight be necessary.

R E C O M M E N D A T IO N  N o . 83

D IS T U R B A N C E S  IN  T E L E V IS IO N  R E C E IV E R S  
R E S U L T IN G  F R O M  H A R M O N IC S  

A N D  O T H E R  N O N -E S S E N T IA L  R A D IA T IO N S  F R O M  R A D IO  T R A N S M IT T E R S

(Q uestion  N o . 26)

T he C .C .I.R ., (G enevaj 1951)

CONSIDERING :

(a )  T hat the Study Program m e N o . 2  relating to  Q uestion 1. b , covers the general problem  o f  
harm onic radiation from  transm itters ;

(b )  T hat the general study o f  the interference to  other services by those harm onic radiations 
will include that caused to  television reception ;

RECOMMENDS '.

T hat the adm inistrations should  collect all possib le  date relating to  such interference w ith  
broadcasting (television) in  order to  assist the Study G roup concerned w ith transm itter questions.

N ote. —  This R ecom m endation  concludes the study o f  Q uestion  N o . 26.

R E C O M M E N D A T IO N  N o . 84

M A X IM U M  P O W E R  F O R  S H O ItT  D IS T A N C E  
H IG H  F R E Q U E N C Y  B R O A D C A S T IN G  IN  T H E  T R O P IC A L  Z O N E  *

(Q u e s t io n  N o .  2 7 )

T he C .C .I.R ., (G eneva, 1951)

CONSIDERING :

T hat, un til further experim ental and theoretical data becom e available to  enable a final lim it 
to be determ ined, it  is desirable to  establish at th is tim e a provisional lim it for the pow er o f  short 
distance h igh  frequency broadcasting stations em ploy in g  double  sideband transm ission and  
operating in  the tropical zon e  ;

RECOMMENDS :

1. T hat, un til further notice, the upper pow er lim it for the unm odulated carrier w ave for  
short distance h igh  frequency broadcasting in  the tropical zone on frequencies up  to  and  
including  5060 kc/s should  be 10 kW  for day-tim e operation  and 5 kW  for  n ight-tim e  
operation  ;

* As this service is defined in the considerations of Question No. 27, reproduced in the Annex to Study Programme 
No. 38 (XU).
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2. T hat, un til further notice, the upper pow er lim it o f  the unm odulated  carrier w ave for short 
distance h igh  frequency broadcasting in  the tropical zo n e  on  frequencies above 5060 kc/s  
sh ould  be 5 kW  for day-tim e operation  and 1 kW  for night-tim e operation ;

3. T hat, w ith in  the ab ove  lim its, adm inistrations should  use as far as possib le  low er pow er if  
this w ill assure satisfactory service throughout the reception area ;

4. T hat the frequency used  should  alw ays be as near as possib le to  the optim um  w orking  
frequency (provided that the frequency em ployed  is w ith in  one o f  the perm issible broad
casting frequency bands), in  order to  provide as g o o d  a received signal to  no ise  ratio  as 
possible.

R E C O M M E N D A T IO N  N o . 87 *

B A N D W ID T H  O F  E M IS S IO N S

(R eco m m en d a tio n s  N os. 3 a n d  36)

The C.C.I.R., (Stockholm, 1948 — Geneva, 1951 — London, 1953)

CONSIDERING I

(a)  That it is of the utm ost importance to ensure economy of the radio spectrum by reducing 
the spacing between assigned frequencies ;

(b )  That, to  this end, it is necessary to reduce the spectrum occupied by each emission, in 
compliance with the rules o f Art. 13, § 4, of the Radio Regulations ; that, moreover, the 
Radio Regulations have prescribed in Art. 17, § 2, that the bandwidths mentioned in App. 5 
must be considered as a guide, until more recent recom m endations. o f the C.C.I.R. are 
published ;

(c) That, for the determination of a spectrum of minimum width, the whole transmission circuit* 
as well as all its technical working conditions, and particularly, propagation phenomena* 
m ust be taken into ac co u n t;

(d)  That one cannot, strictly speaking, mention bandwidth without having previously adopted 
quantitative definitions of the various bandwidths by fixing well determined points on the 
complete spectrum ;

(e) T hat the definition of the bandwidth occupied, being the only definition mentioned in the 
Radio Regulations and satisfying the previous conditions, is useful to specify a given emission ;

( f )  That, however, this definition does not suffice when consideration of the complete problem 
is involved ; and that one should be in a position to  establish general rules limiting, on the 
one hand, the bandwidth occupied to  the value strictly necessary in each case, and on the 
other hand, the amplitudes of the emitted components in that part of the spectrum which 
could interfere with adjacent channels ;

(g )  T hat one can thus realise the usefulness of three conceptions :

— the bandwidth necessarily occupied ;
— the bandwidth occupied ;
— the em itted spectrum outside the bandwidth necessarily occupied ; 
which can be defined and applied according to the following principles :

* This Recommendation replaces Recommendation No. 38.



g . 1 T he bandw idth necessarily occupied  should  be established at the sm allest value possible, 
w hile including the spectrum  com ponents useful to  a g o o d  receiver to  ensure com 
m unication  w ith  the quality required by  the tw o correspondents (that is to  say, for  
exam ple, m aintain ing the telephone quality la id  dow n, or the percentage o f  errors 
adm itted in telegraphy), in the presence o f  given technical cond itions ;

g. 2 T he bandw idth occupied , as defined in  the R ad io  R egulations, enables the operating  
agencies, the national and international organizations to  carry ou t m easurem ents o f  the 
bandw idth actually  occupied by a given em ission  and so  to  ascertain, by com parison  
w ith the bandw idth necessarily occupied , that such an em ission  does n ot occupy an exces
sive bandw idth in  view  o f  the service to be provided, and is, therefore, n o t likely to  
create harm ful interference beyond the lim its la id  dow n for this class o f  em ission. 
T he use o f  th is concept appears then to  be useful way o f  requiring the operating  
agencies to  restrict the am plitude o f  em itted  com ponents outside the bandw idth  
necessarily occupied  ;

g .3  T he em itted spectrum  outside the bandw idth necessarily occupied  m ust be determ ined  
by reconciling the fo llow in g  requirem ents ;

—  the necessity to  lim it to  a strict m inim um  the interference caused to  the adjacent 
channels ;

—  the technical and practical possib ilities o f  transm itter design ;
—  the lim itation  to  a perm issible value o f  the shaping or d istortion o f  the signal ;

(h ) T hat, how ever, one m ust alw ays bear in m ind the fact that the three concepts are not inde
pendent and that given  a specific em ission , the know ledge o f  each one provides partial 
inform ation on the em itted  spectrum  ; the em ission  is com pletely  determ ined on ly  by its 
entire spectrum  ;

RECOMMENDS :

1. Definitions.

1.0 T hat in addition  to  the definition o f bandw idth occupied  by an em ission , given in Chap. 1, 
Art. 58, o f  the R ad io  R egulations, and w hich is quoted for reference in § 1.1 below , the  
fo llow in g  definitions and explanatory notes should  be em ployed  as convenien t conventions  
to  facilitate and clarify the consideration  o f  bandw idth problem s.

1.1 B andw idth occupied b y  an em ission:

T he band o f  frequencies com prising 99%  o f  the to ta l radiated pow er extended to  include  
any discrete frequency on  w hich the pow er is at least 0 .25%  o f  the to ta l radiated power..

1.2 B andw idth necessarily occupied by  an em ission:

T he m inim um  value o f  the bandw idth occupied by an em ission , sufficient to  ensure the  
transm ission o f  in form ation  o f  required quality at the output o f  the receiving equipm ent for  
the class o f  em ission, the system  em ployed , and for specified technical cond itions (1) (3).

1.3 O ut o f  band radiation  o f  an em ission :

The pow er radiated by an em ission outside the bandw idth  necessarily occupied  (1). The  
out o f  band radiation does n ot include radiations on  rem ote frequencies such as harm onics  
and parasitic em issions (2) (3) (4).

1.4 B uild  up tim e o f  the signal:

T he tim e during w hich the telegraphic current passes from  one tenth to n ine tenths (or vice  
versa) o f  the value reached at the steady state (5).

1.5 N o te  (1) —  Such radiation useful for the good  function ing o f  the receiving equipm ent, as 
for exam ple, the radiation  corresponding to  the carrier o f  reduced carrier system s should  be 
included in the bandw idth  necessarily occupied , and n o t in the ou t o f  band radiation.
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N o te  (2) -—  It is n o t intended that radiation on frequencies rem ote from  the usefu l part o f  
the em ission , such as radio frequency harm onics, be included in the defined out o f  band  
radiation , as these are covered by separate regulations (see A pp. 4, R ad io  R egulations).

N o te  (3) —  T he bandw idth occupied  by an em ission  w hich w ou ld  be considered as perfect 
from  the standpoint o f  bandw idth  econ om y equals the bandw idth  necessarily occupied . In. 
this case the out o f  band radiation  generally equals 1 % o f  the total radiated pow er. F or other  
cases the percentage w ill, in general, be higher.

N o te  (4) —  The concep t o f  ou t o f  band radiation gives a convenient m eans to  ind icate the 
relative im perfection  o f  an  em ission . H ow ever, a com plete description o f  the spectrum  of  
the ou t o f  band radiation  is ind ispensable for the determ ination o f  interference caused on  
adjacent channels.

N o te  (5) —  In the case o f  asym m etric signals, tw o  different values corresponding to  this 
definition can exist, representing the build up tim es at the beginning and  end  o f  the signal.

2. Limitations of the Emitted Spectra.

2.0 T hat, since som e present em issions (particularly class A1 em issions) occupy an undu ly  w ide  
bandw idth, adm inistrations sh ou ld  endeavour, w ith  the m inim um  practicable delay, to  lim it 
the em itted  spectra to  th ose  sh ow n below  for various classes o f  em issions.

2.1. C lass A1 em issions with fluc tu a tion s:

2.1 .0  U n der cond itions where large short period variations o f  the received field are present 
the specifications g iven b elow  for single channel, am plitude m odulated , continuous  
w ave telegraphy (class A l )  represent desirable perform ance that can be obtained  
from  transm itters w ith  adequate input filters and sufficiently linear am plifiers, fo llow in g  
that in w hich keying takes place.

2.1.1 B andw idth necessarily  occupied:

T he bandw idth necessarily occupied  is equal to  five tim es the telegraph speed in  Bauds 
(later referred to  as B ) w ith  an attenuation o f  the com ponents at the edges o f  the band  
equal to  at least 3 db, in  com parison w ith  the level o f  the sam e com ponents o f  the  
spectrum  representing a series o f  equal rectangular dots and spaces at the sam e  
telegraph speed. T his relative level o f  — 3 db corresponds to  an absolu te  leve l o f  27 db 
below  the level o f  a  continuou s mark.

2 .1 .2  Spectrum  o f  the ou t o f  band rad ia tion :

O utside the bandw idth defined above, the envelope o f  the spectrum  sh ould  lie below

( 5 B \±  —  , —27 db j defined above, and presenting a slope

o f  30 db per octave and extending over at least one octave, that is ou t to  the points  
( ±  5 B, —57 db). F rom  these poin ts onward, the level o f  a ll the com ponents em itted  
should  be below  — 57 db.

2.1.3 B uild  up tim e o f  the signal:

T he build up  tim e o f  the transm itted signal depends essentially  on  the shape o f  the 
signal at the input o f  the transm itter, on  the exact structure o f  the filters to  w hich  
th is signal is applied , on  filtering and  non-linear effects w h ich  m ay take place in  the  
transm itter itse lf (assum ing that the antenna has n o  influence on the shape o f  the signal). 
A s a first approxim ation  it can be accepted that a  spectrum  curve c lose  to  the lim iting  
spectrum  defined in  § 2.1.1 and 2.1.2, corresponds to  a bu ild  up tim e o f  the order o f

20% o f  the in itia l duration  o f  the telegraph dot, i.e. o f  the order o f  .
5 B



— 78 —

2.2  C lass A 1 emissions, w ithout fluctuations:

F or am plitude m odulated , continuous w ave telegraphy, in  cond itions where short period  
variations o f  the receiver field strength do  n o t affect transm ission  quality, the bandw idth  
necessarily  occupied can be reduced to  three tim es the keying speed in  Bauds.

2.3 C lass A 2  em issions:

2 .3 .0  F or single channel m odulated  telegraphy keyed  on  both  the carrier and  the m odu latin g  
frequency, the percentage o f  m odu lation  being 100% or less and  the m odu lation  
frequency higher than tw ice the keying frequency (F > B ) ,  the specifications given  
below  represent desirable perform ance that can be obta ined  from  transm itters w ith  
fairly sim ple input filters and approxim ately linear stages.

2.3.1 Spectrum :

O utside a band w ith a w idth equal to  tw ice the m odulating frequency (referred to  as F ) 
plus five tim es the telegraph speed in B auds, the envelop e o f  the spectrum  should  lie

below  a curve starting at the po in ts o f  abscissae ±  | f  +  and ordinates —24 db,

presenting a slope o f  12 db per octave, and extending over at least on e  octave, that is  
o u t to  the po in ts o f  abscissae ±  (F  +  5 B ) and  ordinate — 36 db.

F rom  these poin ts onw ard the level o f  a ll the com ponents em itted should  be below  
- 3 6  db.

The reference level is the carrier level during a steady dash.

2 .3 .2  M odulation dep th :

W ith a view  to  reducing the com ponents due to  the harm onics o f  the m odu latin g  
frequency it is recom m ended that, in  general, the depth o f  m odulation  , sh ou ld  n o t  
exceed 80% .

2.3.3 Bandw idth necessarily occupied:

T he bandw idth necessarily occupied  depends o n  the telegraph speed, on  the frequency  
and depth o f  m odulation  and on non-linear effects. It m ust therefore be determ ined  
for each  specific case.

2.4  C lass A S  em issions:

T he lim itations g iven below  for rad iotelephone em issions have been deduced from  m easure
m ents m ade by different m ethods. In  on e  o f  these m eth ods tw o pure aud io  frequency tones  
o f  equal am plitude are applied to  the input o f  the transm itter and  the am plitude o f  m odu lation  
products outside the norm al bandw idth o f  the transm itter is m easured at the output. In  
other m ethods the outp ut voltage from  a recording o f  conversational speech, or a w hite  
n oise  voltage, is substituted for  the tw o aud io  frequency tones.
T hese fundam entally  different m ethods do n o t lead  to  the sam e r e s u lt ; how ever, the know n  
results o f  m easurem ents are w ithin the lim iting  spectra specified below .

In  the curves defined in  § 2.4.1 and 2.4.2, the ordinates represent the energy intercepted by a 
receiver o f  a bandw idth practically equal to  3 kc /s, the central frequency o f  w hich is tuned  
to  the frequency p lotted  o n  the abscissa, as com pared to  the energy w hich  w ou ld  be inter
cepted by the sam e receiver if  it  were tuned, to  the central frequency o f  the necessary band.

2.4.1 C lass AS em issions, double-sideband:

2.4.1.1 N ecessary frequency band

T he necessary bandw idth equals tw ice  the h ighest aud io  frequency M  w hich  
it is desired to  transm it w ith  a specified sm all attenuation
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2.4 .1 .2  P o w er within the necessary band

T o estim ate statistically  the d istribution o f  pow er w ithin the necessary band  
w hen n o  privacy equipm ent is connected  w ith  the transm itter, the d istribution  
sh ow n by the C .C .I.F . for  the “ com m ercial circuit p soph om eter ” can be 
used (R ecom m end ation  N o . 5, 16th Plenary A ssem bly, V o lu m e V I) ; in  
addition , the relative pow er level o f  speech frequencies sh ould  be taken in to  
account.
In cases w here the transm itter is used in connection  w ith a frequency inversion  
privacy equipm ent the sam e data can be used w ith  appropriate frequency  
inversion o f  the resulting spectrum .

I f  a  band-splitting privacy equipm ent is used, it has to  be assum ed that the  
statistical d istribution  o f  pow er is uniform  w ithin  the frequency band.

2.4 .1 .3  P o w er outside the necessary band

2M  being the necessary bandw idth, i f  a logarithm ic abscissa frequency scale  
and an  ordinate am plitude scale in  decibels are used, the d istribution  curve o f  
pow er outside the necessary band should  lie  below  tw o straight lines starting  
from  the poin ts ( ±  M , 0 db) to  the poin ts ( ± 1 .4  M , —20 (db). B eyond  
these poin ts, and dow n to  the level o f  —60 db, this curve sh ould  lie  below  
tw o straight lines starting from  the latter po in ts and presenting a s lop e  o f  
12 db per octave. Thereafter, the sam e curve should  lie below  the level —60 db.

T he reference level corresponds to  the level o f  a single pure ton e  w hich, w hen  
applied  to  the input o f  the transm itter, gives the peak m odu lation  o f  the 
transm itter.

2.4 .2  C lass A 3a, A 3b , e tc .,„  em issions, independent sidebands and  reduced carrier:

2.4.2.1 N ecessary  frequ en cy  band

T he necessary bandw idth  2F  is equal to  the difference o f  the tw o  radio  
frequencies defining the lim its o f  the necessary band. T hese tw o frequencies  
correspond to  the extrem e m odulating frequencies w h ich  it is desired to  
transm it w ith  a specified sm all attenuation in the outer channels o f  the em ission .

2 .4 .2 .2  P o w er within the necessary band

T he distribution o f  pow er w ithin  the necessary band is determ ined as for  
double sideband transm itters. H ow ever, one m ust consider that independent 
sideband transm itters are, in  general, used w ith  a band-sp litting privacy  
e q u ip m e n t; it has then to  be assum ed that pow er distribution is, in  general, 
statistically  un iform  w ithin  each o f  the sidebands.

2.4.2.3 P o w er outside the necessary band

T he pow er outside the necessary band is dependent o n  the num ber and p osition  
o f  the active channels. T he curves described below  are appropriate w hen  
all channels are active sim ultaneously. W hen som e channels are id le the pow er  
outside the necessary band is less. 2F  being the necessary bandw idth, i f  a 
logarithm ic abscissa frequency scale and an ordinate am plitude scale in  decibels  
are used, the d istribution  curve o f  pow er outside the necessary band sh ou ld  lie  
below  tw o straight lin es starting from  the po in ts ( ± F ,  0  db) to  the poin ts  
( ± 1 .4  F , - 3 0  db).

I
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B eyond these points, and dow n to  the level o f  —60 db, this curve sh ould  lie  
below  tw o straight lines starting from  the latter points and presenting a slope  
o f  12 db per octave. Thereafter, the sam e curve should  lie  b e low  the level 
- 6 0  db.

The reference level corresponds to  the level o f  a  single pure to n e  w hich, w hen  
applied to the input o f  one o f  the transm itter sidebands, gives the peak pow er  
o f  the transm itter.

2.5 C lass FI em issions:

F or single-channel, frequency-shift telegraphy (class F I), w ith or w ithout fluctuations :

2.5.1 Bandw idth necessarily occupied:

T he deviation , or difference, betw een m ark and space frequencies being 2 D  and m  
being the m odulation  index 2 D /B , the bandw idths necessary are g iven by on e  o f  the  
fo llow in g  form ulae, the choice  depending on the value o f  m  :

2.5 D  +  0.5 B for 2.5 <  m <  8 
2 D  +  2.5 B for 8 <  m <  20

2 .5 .2  Spectrum  o f  the out-of-band rad ia tion :

O utside the bandw idth defined above, the envelope o f  the spectrum  sh ou ld  lie  below  
a curve o f  constant slope in  decibels per octave, starting from  poin ts situated  at the  
lim iting frequencies for the bandw idth  necessarily occupied , and at the level o f  — 15 
or —20 db, depending on the value o f  the m odu lation  index, the curve extends to  the  
level o f  —60 db. The levels are com puted  by com parison w ith a zero level correspond
in g  to  the am plitude o f  the em ission  ; the starting ordinates o f  the curve and its slopes 
are given in  the fo llow in g  table, the entry depending on the m odu lation  index :

Slope in db per octave

17 
25 
30

O n the frequencies m ore rem ote from  the m edian  frequency than those where the curve 
reaches the —60 db level, the level o f  a ll em itted  com ponents should  lie b e low  —60 db.

2.5.3 B uild  up tim e o f  the signal:

A  spectrum  curve c lose  to  the lim iting spectrum  described in § 2.5.1 and  2 .5 .2  cor
responds to  a bu ild  up tim e equal to  abou t 8 % o f  the duration o f  the in itia l telegraph

dot, i.e. about —— provided that an adequate filter is used  for signal shaping.
12 B

2.5.4 Bandwidth occupied, in the case o f  unshaped signa ls:

O nly for com parison purposes w ith  the form ulae above, it m ay be m entioned  that 
for  a sequence o f  equal and rectangular (zero bu ild  up tim e) m ark and space signals, 
the occupied  bandw idths are given by the fo llow in g  form ulae :

-jj D  +  y  B for 2.5 <  m <  8

2 . 2 D + 3 . 2 B  fo r -  8 <  m <  20

Modulation index Starting ordinates in db

2.5 <  m <  3 - 1 5
3 <  m <  8 - —15
8 <  m <  20 - 2 0
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A N N E X

E x a m p l e s  o f  s p e c t r a  f o r  i l l u s t r a t i o n  o f  t h e  d e f i n i t i o n  o f  n e c e s s a r il y

OCCUPIED BANDW IDTH

A bscissae : frequencies
O rdinates : pow er, per unit frequency

T he spectra are assum ed to  be sym m etrical

Necessarily occupied bandwidth

Hatched areas represent the out o f band radiation (see definition 1.3) . ..
Cross hatched areas represent radiation outside the occupied band (see definition 1.1)
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B A N D W ID T H  OF E M IS S IO N  
M E A SU R E M E N T S M A D E  N EAR  TH E  TR A N SM IT T E R

The C .C .I.R ., (G eneva, 1951 —  L on d on , 1953)

CONSIDERING :

(a )  T hat accurate determ ination o f  bandw idths actually  occupied  by em issions is o f  increasing  
im portance ;

(b )  T hat Q uestion  N o . 1 ( a ) ,  part 2, speaks o f  “ practical m ethods o f  m easuring the bandw idths  
actually  occupied by em issions ”  ;

( c )  T hat new  m ethods o f  m easurem ents are p roposed  ;
(d )  T hat im portant progress has been m ade in the design o f  m easuring apparatus ;
(e )  T hat it is n ow  possib le to  present som e tentative values o f  the degree o f  accuracy to  be  

attained ;
( f )  T hat a practical basis m ust be furnished for the final determ ination o f  the bandw idth necessary  

for a service o f  appropriate quality ;

UNANIMOUSLY RECOMMENDS :

That atten tion  should  be paid to  the fo llow in g  :

1. Methods of measurement on frequencies below 30 Mc/s.

Three m ain m ethods are at present in use.

1.1 The first one consists in com pletely  analysing the spectrum  o f  the transm ission  by m eans o f  
a narrow  band filter o f  fixed frequency, the frequency o f  each com ponent being m ade to  
coincide w ith the central filter frequency by frequency transposition  on  the superheterodyne  
principle either m anually or autom atically .

1.2 T he second m ethod  o f  m easurem ent consists in directly m easuring the proportion  o f  the  
total energy w hich  is contained in the frequency com ponents m ore and m ore rem ote from  the  
central frequency o f  the spectrum  in order to  determ ine the relative pow er o f  the ou t-o f-b an d  
radiation.
T he frequency com ponents o f  the rectified signal are selected by m eans o f  a h igh -pass filter, 
the cu t-o ff frequency o f  w hich is progressively increased (equipm ents based o n  this m eth od  
are described in  D o c . N o . 128 o f  the Japanese A dm in istration).

1.3 T he third m ethod  consists in  d ividing the occupied  band in to  narrow  bands o f  say  100 c/s, 
for each  o f  w hich a pass-band filter is provided ; the ou tp ut o f  each  o f  these filters is connected  
either ind ividually and perm anently to  a m easuring device, or successively and autom atically  
to  a single m easuring device. This m ethod  seem s to  be especia lly  su itable for the exam ination  
o f  non -period ic  signals such as telephone transm issions (equipm ents based on  th is m eth od  
are described in  D o c . N o . 79 o f  the U .S .A . A dm in istration  and N o . 274 o f  the A ustrian  
A dm inistration).

2. Accuracies required for bandwidth measurement.

2.1 P eriod ic  signals o f  C lass A 1 :

2.1.1 A pparatus using m ethod  1.1

2.1.1. a L a b ora tory  apparatus. T his apparatus requires that the signals under test 
shall give rise to  a spectrum  the com ponents o f  w h ich  sh ou ld  b e  stab le in  
am plitude and  in  frequency. A m plitudes are m easured by m eans o f  a  calibrated  
attenuator w ith reference to  a constan t l e v e l ; frequencies are m easured by  
m eans o f  a  frequency m eter. -
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If  the stability  cond itions referred to  above are satisfied, the accuracy o f  the  
m easurem ent depends on ly  o n  the accuracy o f  calibration  o f  the attenuator  
and o f the frequency meter. A n  accuracy o f  ± 1  % in  the m easurem ent o f  the  
am plitude is obtainable, but an accuracy o f  ± 5  % is sufficient for  m ost practical 
purposes.

2 .1 .1 .b  A utom atic  sw eep  apparatus. P rovided the frequency exp loration  speed is 
sufficiently slow  to  take fu ll advantage o f  the h igh selectivity o f  the filter, 
the am plitudes o f  the com ponents adjacent to  the carrier can  be m easured  
with an accuracy o f  ±2  db, but a higher inaccuracy m ust be expected fo r  the  
am plitudes o f  the rem ote com ponents, especially  in  the case o f  narrow  spectra  
and /or o f  slow  telegraph speeds.

T he accuracy o f  m easurem ent o f  frequency deviations depends on  the linearity  
o f  the sw eep, and o n  the w idth  o f  the explored band. N evertheless, in  the  
case o f  period ic signals, the frequency deviations betw een successive co m 
ponents’ are generally know n by the value o f  the telegraph speed.

2 .1 .2  A pparatu s using m eth od  1.2

T he accuracy o f  this m easuring equipm ent depends o n  the accuracy o f  the m easurem ent 
o f  pow er ratio, and o n  the steepness o f  the attenuation curve o f  the h igh-pass filter. 
T he accuracy o f  the m easurem ent o f  pow er ratio should  be o f  the order o f  ± 0 .1  % 
but the errors due to  the attenuation characteristics o f  the filter w ill o f  course depend  
o n  the type o f  filter em ployed .

2.1.3 A pparatus using m ethod  1.3

W hen the com ponent frequencies o f  the signal correspond approxim ately to  the m id
band frequencies o f  the filters, accuracies o f  ±  1 % should  be obtained.

2 .2  P eriod ic  signals o f  C lass F I :

2.2.1 A pparatu s using m ethod  1.1

I f  it  is possib le  to  form  period ic F I  signals for w hich there are corresponding c o m p o 
nents stable in  am plitude and in  frequency, the sam e accuracies as th ose  m entioned  in
2 .1 .1 .a and 2 .1 .1 .b  for  period ic signals o f  type A1 can  be achieved. It is p o in ted  ou t  
that o f  course, in  the present case, the com ponents w hich can  be m easured w ith  an  
accuracy o f  ±2  db w ith  au tom atic  sw eep apparatus, are those adjacent to  the m ark  
and space frequencies.
It is im portant to  po in t ou t that, for  F I  signals it is generally difficult, in practice, 
to  com ply  w ith  the above m entioned  cond itions o f  stability. It is then necessary to  
consider the envelope o f  several spectra observed successively, but it is n o t yet possib le  
to  give a satisfactory physical significance to  this envelope.

2 .2 .2  A ppara tu s using m eth od  1 .2  (see under 2.1.2).

2.2 .3  A pparatus using m eth od  1.3  (see under 2.1.3).

2.3 A ctu a l traffic signals:

N o  data were presented in respect o f  such signals, w hich  w ou ld  a llow  the determ ination o f  the
significance o f  the results given  by the apparatus described above. It is thus n ot yet possib le
to  p ropose any value o f  the accuracy to  be recom m ended for such signals.

3. Continuation of studies.

T he studies, both  on  m easuring equipm ent and  on  the m ethods o f  m easurem ent itself,
should  be continued, and in particular for  the frequencies above 30 M c/s.
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C h a r a c t e r i s t i c s  o f  M e a s u r i n g  E q u i p m e n t  w i t h  A u t o m a t ic  F r e q u e n c y  S w e e p

That equipm ent su itable for use in analysing the spectrum  o f  transm itters operating in the 
m edium  and h igh  frequency range sh ould  in general possess the fo llow in g  characteristics :

Filter Bandw idth.

T he filter bandw idth depends essentially o n  the characteristics o f  the signal to  be studied. 
It should  be sm all in  com parison w ith the w idth  o f  the spectrum  to  be m easured, and w hilst in  
the present state o f  the art it is inappropriate to  specify a single bandw idth, to  the exclusion  o f  
others, it is desirable that the static  bandw idth o f  the filter should  n ot exceed 25 cycles per second. 
Its attenuation versus frequency characteristic should  be steep-sided dow n to  the region o f  60 db.

E xploration  speed

A lthou gh  rather high exp loration  speeds m ight prove to  be useful for prelim inary adjustm ents, 
w hen it is desired to  take fu ll advantage o f  the resolving pow er o f  the filter for fine analysis, the 
exploration  speed m ust be sufficiently slow  for the response curve o f  the filter to  be as near as 
possib le  to  be steady state selectivity curve. T he adm issib le value o f  the exp loration  speed depends 
essentially on  the filter characteristics and should  be determ ined experim entally in each case.

F or inform ation purposes on ly  it ’ can be said that for filters having a bandw idth o f  10 c /s  
or so  at —3 db, the exploration  speed adm issib le is generally low er than 100 c /s  per second.

Scanning Range.

T he scanning range shall be adequate to  include the outerm ost significant sideband com ponents  
likely to  be encountered. A  top  lim it o f  30 k c/s to ta l sw eep should  norm ally  be adequate. F or  
investigating narrow band transm issions, the range should  be adjustable dow n  to  1 kc/s.

Suppression o f  autom atic sweep.

P rovision  should  be m ade for the possib ility  o f  stopping the autom atic  sw eep to  enable a 
m anual exploration to  be used in certain cases.

Form  o f  D isplay.

F or direct observation  the d isplay m ay take the form  o f  a cathode ray tube, but other m eans 
such as recording m eters m ay be used.

A m plitude Range.

T he range o f  am plitudes d isp layed should  be such that it is possib le to  m easure com ponents  
differing in am plitude by at least 60 db. T he am plitude scale o f  the d isp lay instrum ent m ay be 
linear or logarithm ic. It m ay be desirable to  m easure the larger and m inor com ponents separately  
and by stages such as m ay be obtained  through the use o f  a calibrated attenuator or calibrated  
scale applied to  the oscillo scope  screen.

Frequency S tab ility .

T he frequency stability o f  the various beating oscillators m ust be such  that the drift during  
the course o f  a m easurem ent is sm all com pared w ith the effective resolving pow er o f  the filter.

ANNEX I



A N N E X  II

P r i n c i p a l  c h a r a c t e r is t ic s  o f  t h e  f r e q u e n c y  s p e c t r u m  a n a l y s e r s  p r e s e n t e d  b e f o r e  t h e  C.C.I.R. V I I t h  P l e n a r y  A s sem b l y

A d m i n i s t r a t i o n
Doc.
No.

E x p l o r a t i o n F il t e r

A m p l i t u d e
r a n g e

db

M e a s u r in g  i n s t r u m e n t M e a s u r e 
m e n t  o f

THE
COMPONENT

FREQ-
Type Sweep

duration
Freq. band 

explored kc/s Type
Band 

at — 3 db

width

at other 
level

Freq.
kc/s Observations Recording

Japan 127 autom. 1 min. 
5 min.

6 and 20 crystal 50 c/s at 
- 2 5  db

55 60 voltm. record.' 
on paper

—

Netherlands 136 autom. 20 sec.
2 min. 

6.7 min.

1 ; 5 ; 25 Selective 
feed back 
amplifier

Adjust
able

between 8 
and 40 c/s

— 40 0-20
20-40
40-60

oscillosc. recorder —

United Kingdom 168 * autom. 0.1 ; 0.3 ;
1 ; 3 ;

10 ; 30 sec.

0 to 30 crystal 6 c/s 
30 c/s 

150 c/s
—

60 0-30
30-60

oscillosc. photo —

Switzerland 191 autom. 
and man.

0.1 to 60 sec. 20 
60 in 

3 steps

electro-
mechn.

— 80 c/s at 
- 4 3 .5  db

3 oscill. or 
peak 

voltm.

photo marks 
each  
1 kc/s

Italcable 199 man. — ' — LF

'

50 c/s at 
- 8 0  db

1 calibrated
attenuator

voltm. — frequency-
meter

France 349 . autom. 6 and 36 sec. 2 and 6 crystal — 6 or 30 c/s 
below  
80 db

70 60 oscillosc. photo —

Belgium $ * autom. 6 ; 20 ; 45 sec. 0.5 to 30 crystal 9 c/s 195 '20 db lin.
scale 

60 db log. 
scale

oscillosc. photo marks 
0.5 or 
1 kc/s

* This apparatus has been demonstrated before S.G. N° I.
** This apparatus has been demonstrated before S.G. N° I, but was not described in a C.C.T.R. document.
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H A R M O N IC S A N D  PA R A SIT IC  E M IS S IO N S

T he C .C .I.R ., (G eneva, 1951 —  L ondon, 1953)

CONSIDERING : ' ;

(a )  T hat A p p . 4 o f  the R ad io  R egulations, 1947,'specifies the m axim um  level o f  harm onics (and  
parasitic em issions) o f  all transm itters operating in  the frequency band 10 to  30 000 kc/s  
iii term s o f  pow er supplied to  the antenna on  the frequency o f  the harm onic or o f  the parasitic  
em ission ; ‘ •

(b )  T hat A rt. 17, N ° 398, o f  the R ad io  R egu lations, 1947, states that :: j

« T he bandw idths o f  em issions, level o f  radio frequency harm onics, and non-essential 
em issions m ust be kept at the low est value Which the state o f  technique and the nature  
o f  the service perm it. A pp. 4  and 5 m ust be considered as a  guide in  this respect, until 
m ore recent R ecom m endations o f  the C .C .I.R . are pu b lish ed .”

( c) T hat m easurem ents o f  the am ount o f  harm onic pow er supplied to  a transm itting antenna or 
to  a  dum m y load  are useful in  the analysis o f  transm itter perform ance w ith  reference to  
purity o f  em issions under specific conditions, thereby encouraging the use o f  certain m eans  
o f  reducing non-essentia l em issions ;

( d )  T hat the relation betw een harm onic pow er supplied  to  a transm itting antenna and the field  
strength o f  the corresponding harm onic signals at lo ca tion s aw ay from  the transm itter m ay  
vary greatly due to  factors such as com plex h orizon ta l and vertical antenna directivity at 
harm onic frequencies and harm onic radiation from  parts o f  the transm itting apparatus other  
than the antenna proper ;

(e )  T hat field  strength m easurem ents o f  harm onic em issions at loca tion s distant from  the  
transm itter are recognized as the direct m eans o f  expressing the intensities o f  interfering signals 
due to  these harm onic radiations ;

'(f) T hat, in  dealing w ith em issions o f  the fundam ental frequency, the adm inistrations custom arily
establish  the pow er supplied to  the antenna, and  m easure the field  strength at a  distance  
to  aid in  determ ining w hen an em ission  is causing interference w ith  another authorized  
em ission  ; and, that a sim ilar procedure w ou ld  be helpfu l in  dealing w ith  harm onics in  
accordance w ith  Art. 13, N o . 376, o f  the R a d io  R egu lations, 1947 ;

UNANIMOUSLY RECOMMENDS :

1. T hat together w ith  other kn ow n  m ethods o f  m easuring the upper harm onics, either the  
substitu tion  m ethod, or a direct pow er m easuring m eth od  sh ou ld  be used , w hen the transm itter  
is operated under norm al conditions, on  its fundam ental frequency and  w hen connected  to  
its norm al antenna or a dum m y load  ;

2. That, for the substitu tion  m ethod, an auxiliary generator in  w hich the pow er is adjustable  
and the frequency is equal to  that o f  the harm onic to  be m easured sh ou ld  be used as fo llow s.

T he auxiliary generator is substituted for the radio transm itter and  is adjusted in pow er  
output un til it produces the sam e field on  the harm onic frequency as w as produced by the

RECOMMENDATION No. 89 *

* This Recommendation replaces Recommendation N o. 38.
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radio transm itter, b o th  as to  intensity and polarization , at a  radio receiver tuned to  the  
harm onic and located  at a distance o f  several w avelengths from  the transm itting antenna. 

' W hen a dum m y load  is used an ind icator coupled  to  the load  is required. U n der these  
cond itions, the harm onic pow er delivered by the auxiliary generator is equal to  that w hich  
w as originally delivered by th e  transm itter in  question . In order to  obtain  the sam e conditions  
w ith  the auxiliary generator, accou nt m ust be taken o f  any stray couplings from  the original 
transm itter to  the radiating system  and o f  any direct radiation from  the transm itter or from  

1 feeder lines or other apparatus that m ay becom e excited by direct couplings. It is also  
necessary to  take in to  accou nt the possib ility  o f  harm onic pow er being supplied  in .a  push- 
pull or push-push m od e or a com bination  o f  both . M ore than one generator m ay be necessary  
w hen the m eth od  o f  excita tion  on  the harm onic frequency is com plex. It is further necessary  
to  establish  the im pedance o f  the feeder input circuit at the harm onic frequency so  that 
the harm onic pow er w ill n o t  be inaccurately m easured. It is advisable that several sets o f  
m easurem ents be m ade w hen using different receiver locations ;

3. T hat field strength m easurem ents o f harm onics at locations d istant from  the transm itter  
sh ou ld  be the direct m eans o f  expressing the intensities o f  interfering signals due to  harm onic  
radiations ;

4. T hat all w ell know n m eth ods should  be em ployed  to reduce harm onics as m uch  as possib le, 
as for exam ple :

—  use o f  lo w  pass o f  other output filters,
—  suitable coupling circuits,
—  screening o f  various stages in  transm itters, filters and other parts o f  the equipm ent w hich  

otherw ise m ight em it harm onic  pow er by radiation or coupling.

R E C O M M E N D A T IO N  N o . 90

F R E Q U E N C Y  ST A B IL ISA T IO N  OF T R A N SM IT T E R S

(Q u estio n  N o . l .c  (I))

T he C .C .I.R ., (L ondon, 1953)

CONSIDERING :

(a )  T hat although a large num ber o f  transm itters at present in  use conform  to  the agreed  
tolerances, som e transm itters still in  use do n ot always conform  to  these tolerances, and this 
is a lim iting factor in securing a reduction  in spectrum  space occupied ;

(b )  T hat the add itional co st in vo lved  in  ensuring that m any o f  these transm itters com ply  w ith the 
tolerances la id  dow n by the R a d io  R egulations (A tlantic C ity, 1947), is negligib le in com parison  
w ith the prim e co st and operating expenses o f  the e q u ip m e n t;

(c )  T hat advance in  technique, in  m any cases provides accuracy and stab ility  o f  higher degree  
than  that necessary to  com p ly  w ith  A tlantic  City tolerances thus im proving the utilisation  
and the spectrum , w h ile  tak ing in to  accou nt such practical factors as w eigh tand bulk;
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UNANIMOUSLY RECOMMENDS :

1. That the atten tion  o f  adm inistrations should  be drawn to  the fact that som e transm itters 
do n ot appear to  be conform ing w ith the A tlantic C ity frequency tolerances and that inter
ference is arising th erefrom ;

2. T hat adm inistrations and private operating agencies should  continue to  im prove still further  
the degree o f  frequency stab ility  and o f  accuracy o f  setting consistent w ith  econ om ic  
considerations ;

3. That the inform ation given in R eport N o . 18 sh ould  be subm itted to  all adm inistrations  
and that the studies should  be continued.

R E C O M M E N D A T IO N  N o . 91

A R RA N G E M E N T  OF C H A N N E L S IN  M U L T I-C H A N N E L  T R A N SM IT T E R S  
FO R  L O N G -R A N G E  R A D IO  C IR CU IT S  

O PE R A T IN G  O N  FR E Q U E N C IE S B E L O W  A B O U T  30 M c/s

(Q u estio n  N o . 46)

T he C .C .I.R ., (L on d on , 1953)

CONSIDERING :

(a )  T hat the lack o f  uniform ity in  the arrangem ent and designation o f  the channels in m ulti
channel transm itters for long-range circuits operating on  frequencies below  ab ou t 30 M c/s  
m ay give rise to  certain difficulties w hen one transm itting station  has to  w ork w ith  several 
receiving stations ;

(b )  That, since it is necessary to  econ om ise in  the use o f  the radio spectrum  w hen  considering  
inter-continental circuits consisting m ainly o f  single long-d istance radio links operating on  
frequencies less than 30 M c/s, it is desirable :

—  to use independent sideband transm issions to  the m axim um  exten t possib le ,
—  to  transm it a  band less than the 300 to  3400 c /s recom m ended by the C .C .I.F . for  land- 

line circuits, and
—  to  reduce the upper frequency to  3000 c /s  or below  but to  n ot less than 2600 c /s , except 

in special circum stances ;

(c )  T hat there are already in operation  international m ultichannel rad iotelephone circuits in  
w hich the bandw idth a llocated  to  each channel is 3000 c /s  actually transm itting a speech  
band o f  250 to  3000 c/s ;

(d )  That, in general, the outer channels are liab le to  cause and receive m ore interference to  and  
from  stations operating on  adjacent assigned frequencies ; the outer channels being those  
located  furthest from  the assigned frequency ;

(e )  T hat there are num erous transm itters in service w hich, w hen operated o n  a tw in-channel 
basis, give rise to  excessive cross-talk  unless one o f  the channels is placed aw ay from  the  
carrier ;

( f )  T hat there are transm itters in  service w hich perm it the addition  o f  a third channel w hen  
it is desired to  provide add itional traffic capacity ;

(g )  That there are num erous types o f  m ulti-channel telegraph system s in use for long-distance  
radio circuits on  w hich inform ation is not sufficiently com plete ;
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Radio
frequency

These figures represent the relationship between the , audio-frequencies and the radio-frequencies
for the various channel arrangements

F i g u r e  1
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F ig u r e  2

Reference frequency below 10 Mc/s

It is necessary that the subdivision of channel C into two parts C l and C2 as well 
as the arrangement o f  these parts should be agreed upon by operating organizations.

F i g u r e  3
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RECOMMENDS :

1. T hat standard channel arrangem ents should  be adopted for m ulti-channel radio-telephone  
system s but that it is n o t yet opportune to  standardise the channel arrangem ents for  radio  
telegraph system s ;

2. T hat the effective speech channel a llocation  should be 3000 c /s ;

3. T hat the transm itted band in each speech channel should  be from  250 to  3000 c /s ;

4. T hat in four-channel system s-th e  channel arrangem ent should be as show n in F ig. 1 a)

5. T hat in  four-channel system s the channel designation should  be as show n in the upper, part
o f  the T able w hen  the reference frequency f0 corresponding to  the reduced carrier is above  
10 M c/s and in  the low er part when below  10 M c/s. T he sam e table shall be used when less

7" than four channels are em ployed  ; ’ „■ >■

6. T hat w hen less than four channels are used the channels nearest to  the carrier should be
selected according to  the arrangem ents show n in  F igs. 1 b ) ,  c ) , . d ) ,  e) or f )  ; ,

7. T hat w ith  som e transm itters in service, w hich do n ot give satisfactory operation  w ith the  
arrangem ent sh ow n in  F ig . \  d ) ,  a, channelling arrangem ent such as that show n in F ig . 2 
m ay be used to  m inim ise cross-talk  ;

8. T hat w ith  som e transm itters in  service, w h ich do n o t give satisfactory operation  w ith the
arrangem ent sh ow n in F igs. 1 b )  or 1 c ) ,  a  third channel m ay be provided as sh ow n in
F ig . 3 ;

9. T hat w hen it is desirable to  standardise the arrangem ents o f  radio-telegraph channels a  
new  question sh ou ld  be raised.

N ote . —  T his R ecom m end ation  com pletes the study o f  Q uestion 46 in so  far as radio-telephony
is concerned. T he case o f  radio-telegraphy is the subject o f  Q uestion  N o . 74 (I).

R E C O M M E N D A T IO N  N o . 92 *

F R E Q U E N C Y -SH IF T  KEYING

(Q u e stio n  N o . 20 (I))

The C .C .I.R ., (Geneva, 1951 — London, 1953)

CONSIDERING :

(a) T hat frequency-shift keying is employed in radio-telegraphy in the fixed service and that its 
use may be extended to the mobile service ;

(b) That it is desirable to adapt the frequency shift used to the telegraph speed ;

(c) That traffic interruptions should be reduced to a minimum by avoiding frequent changes of 
the shift employed ;

(d) That it is often necessary to employ the same radio transm itter to work with more than one 
receiving station ;

(e) That it is desirable to standardize the main operating characteristics o f systems employing 
frequency-shift keying ;

* This Recomm endation replaces Recommendation N o. 39.



( f )  T hat various technical factors influence the choice  o f  operating characteristics in such system s 
in  particular :
—  the econ om y o f  bandw idth and  the consequent need to  contro l the shape o f  the trans

m itted signals ;
—  the signal d istortion due to  propagation  cond itions ;
—  the instability  o f  the characteristics o f  certain transm itter and receiver elem ents (such as 

oscillators, filters or discrim inators) ; th is instab ility  being one o f  the reasons for the 
relatively large sh ift em ployed  in m any existing equipm ents ;

(g )  T hat difficulties can arise from  the use o f  the term s “ m ark ”  and “ space ” and a lso  that the  
C .C .I.T ., at its V llth  Plenary A ssem bly, A rnhem  1953, issued R ecom m end ation  N o . 1.4 
introducing new  term s ;

RECOMMENDS :

1. T hat it  is to o  early to standardize the actual values o f  frequency shift but that every effort 
sh ould  be m ade to  achieve this as quickly as possib le  for em issions using on ly  tw o frequencies, 
one for m ark and one for space ; that to  assist in this, the characteristics sh ow n below  should  
be used as far as possib le ;

2. T hat the value o f  the frequency shift em ployed  sh ou ld  be the low est com patib le  w ith  the  
m axim um  telegraph speed regularly used, the propagation  conditions and the equipm ent 
stab ility  ;

3. T hat for frequency shift system s w orking on  tw o cond itions only  (i.e. single channel and  
m ultichannel tim e division system s) and operating betw een 2 M c/s and 27 M c/s the values 
o f  frequency sh ift should  be : 140, 280, 400 and  560 c /s ;

4 . T hat for those services em ploying equipm ent designed to  operate w ith a nom ina l 850 c /s  
sh ift, the sh ift value o f  840 c /s m ay still be used provisionally  ;

5. T hat the value o f  the frequency shift sh ould  if  possib le be m aintained w ith in  ± 3 %  o f  its 
nom inal value and, in any case, w ith in  ± 10% ;

6. That, in general, the m arking frequency should  be the higher frequency and the spacing  
frequency the low er frequency (see N ote).

N ote . —  Paragraph 6 o f  this R ecom m end ation  has been adop ted  to  ensure that, in  the resting  
cond ition , a ll m ethods o f  signalling should  cause the em ission  o f  the low er frequency. In countries  
where the term s “ m ark ” and “ space ”  m ay give rise to  som e am biguity in interpreting § 6 o f  
this recom m endation the fo llow in g  m ay be o f  assistance :

“ In  general, the higher frequency em itted sh ould  correspond to  the significant w orking  
con d ition  (the start signal o f  a start-stop apparatus— con d ition  A  o f  C .C .I.T . R ecom m end ation  
N o . 1.4) o f  the equipm ents connected  to  the tw o ends o f  the circuit, and the low er frequency  
sh ou ld  correspond to  the resting cond ition  (w hen no  in form ation  is being exchanged— co n d ition  Z  
o f  C .C .I.T . R ecom m end ation  N o . 1.4) o f  the eq u ip m en ts.”
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T E L E G R A P H IC  D IS T O R T IO N

(Q uestion N o . 18 (I)) .

The. C.C.I.R., (London, 1953)

CONSIDERING :

That a partial answer to Question No. 18 (I) of the C.C.I.R. is contained in Recom mend
ation B .l of the C.C.I.T. ;

UNANIMOUSLY RECOMMENDS :

1. That the C.C.I.T. Recommendation B .l given in Annex I be adopted by the C .C.I.R. ;

2. That the studies of Question No. 18 (I) should be continued.



A n n e x

D E F IN IT IO N S  R ELATIN G  TO T R A N SM ISS IO N  
IN  A L PH A BE TIC A L TE L E G R A PH  SY ST E M S

T he C .C .I.T .,

CONSIDERING :

T hat in  the telegraph system s w hich have been standardized the process o f  telegraph  
m odu lation  entails the d iv ision  o f  tim e into  significant intervals (o f  m odulation ) w h ose durations 
are theoretically  equal to  a un it interval or to  an integral m ultip le o f  this in te r v a l;

T hat the process o f  restitu tion  (o f  a  m odulation ) a lso  entails the d iv ision  o f  tim e in to  significant 
intervals (o f  restitu tion) sim ilar to  those o f  the m odu lation  ;

T hat each  significant interval o f  the m odu lation  or o f  the restitu tion  is associated  w ith  a 
particular significant condition  o f  the appropriate device in the sending or receiving apparatus ;

T hat consideration  sh ould  be given to  tw o types o f  m odu lation , and hence o f  restitution, 
according to  w hether the apparatus is continuously-w orking (isochronous m odu lation  or restitu
tion ) or o f  a start-stop character (arythm ic or start-stop m odu lation  or restitution) ;

UNANIMOUSLY DECLARES THE VIEW :

T hat the fo llo w in g  definitions should  be adop ted  : ' ■

1. C haracteristic  instan ts o f  a  m odulation (o r  o f  a  restitu tion ).

Instants lim iting significant intervals o f  m odu lation  (or o f  restitution).

2. M odu la tion  ra te :  telegraph speed  (dep reca ted ).

R ecip rocal o f  the un it interval m easured in seconds. T his rate is expressed in bauds. 
E xam ple : i f  the un it interval is 20 m illiseconds, the m odu lation  rate is 50 bauds.

3. R estitu tion  delay.

T he delay betw een a characteristic instant o f  m odu lation  and the corresponding characteristic  
instant o f  restitu tion .

4. Isochronous m odulation (o r  re s titu tio n ).

M od u lation  or restitu tion  in w hich all the intervals betw een tw o successive characteristic  
instants are significant.

5. A ryth m ic  (s ta r t-s to p ) m odulation (o r re s titu tio n ).

M odulation  (or restitution) characteristic o f  start-stop system s.

6. Theoretical duration o f  a  significant interval ( o f  m odulation or o f  restitu tion ).

D u ration  corresponding exactly to  the duration prescribed by the code for the w h ole  o f  the  
signal elem ents represented in the significant interval, taking in to  account the average  
m od u la tion  rate or, w hen necessary, the standardized m odu lation  rate.

7. P erfec t m odulation (o r restitu tion ).

M odulation  (or restitu tion) such that a ll the significant intervals are associated  w ith correct 
significant con d ition s and conform  accurately to  their theoretical durations.

C.C.I.T. RECOMMENDATION B.l
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8. Ideal instant o f  a  m odulation (o r  o f  a  re s titu tio n ).

Instants w ith  w h ich  the characteristic instants w ou ld  co in cide under certain ideal conditions. 
For each particular case it w ill be necessary to  indicate h o w  on e  (or m ore) o f  these ideal 
instants is determ ined, a ll the others being placed in  relation  to  it (or to  them ) at intervals 
equal to  the corresponding theoretical significant intervals.

9. D egree o f  individual d istortion  o f  a  particu lar characteristic  instant ( o f  a  m odulation or o f  a 
restitu tion ) . , .

R atio to  the un it interval o f  the displacem ent, expressed algebraically, o f  this characteristic  
instant from  an ideal instant.
This disp lacem ent is considered positive  w hen the characteristic instant occurs after the ideal 
instant.
T he degree o f  ind ividual d istortion is usually expressed as a percentage.

10. M odulation  (o r  restitu tion ) a ffec ted  by  telegraph distortion .

A  m odu lation  (or restitution) suffers from  telegraph d istortion  w hen  the significant intervals 
have n o t all exactly  their theoretical duration.

11. D efective  m odulation (o r  re stitu tio n ).

M odulation  (or restitution) such that its significant intervals are n o t a ll associated  w ith the  
correct significant cond itions, independently o f  any possib le  d istortion .

N ote . —  A  defective m odu lation  (or restitution) does n ot o f  itse lf enable the transm itted  
text (or texts) to  be reconstitu ted  ; whereas a m odu lation  (or restitu tion) w h ich  is n o t defective  
according to  this definition does not necessarily perm it the reconstitu tion  o f  the text (or texts), 
this possib ility  depending u p on  the degree o f  d istortion  w hich  the m od u la tion  (or the restitu
tion) suffers.

12. Efficiency fa c to r  o f  a  telegraph communication:

T he ratio o f  the num ber o f  correctly translated signals to  the num ber o f  signals transm itted, 
the keying being correct.

N ote . —  A  telegraph com m u nication  m ay have a different efficiency factor in  each  
direction.* , ( „

13. Q uality  index  (in  a general sense for  telegraphists and  referring to  a specific telegraphic  
operation), 4
D ecim al logarithm  o f  the reciprocal o f  the probability  that an  error (e.g. a false signal) w ill 
occur in  a specific telegraphic operation  (e.g. in  the operator’s keying, in  translation by a 
receiving apparatus, in the transm ission o f  a m odu lation , etc.).

N ote . —  In  the case o f  a com plete com m unication , the quality ind ex  is g iven by the decim al 
logarithm  o f  the reciprocal o f  on e  m inus the efficiency factor.

14. D egree o f  d istortion  o f  an isochronous m odulation (o r  re stitu tio n ).

R atio  to  the un it interval o f  the m axim um  m easured difference, irrespective o f  sign, 
between the actual and the theoretical intervals separating any tw o characteristic instants  
o f  m odu lation  (or o f  restitution) these instants being n o t necesarily  consecutive.
T he degree o f  distortion  (o f  an isochronous m odulation  or restitution) is usually  expressed  

‘ as a percentage.

N ote . —  T he result o f  the m easurem ent should  be com pleted  by an in d ication  o f  the  
generally lim ited  period o f  the observation. F or a pro longed  m odu lation  (or restitution)

!. it w ill be appropriate to  consider the probability that an assigned  value o f  the degree o f  
distortion w ill .be exceeded.



15. D egree o f  d istortion  o f  a sta rt-s to p  m odulation (o r restitu tion ).

R atio  to  the un it interval o f  the m axim um  m easured difference, irrespective o f sign, between  
the actual and theoretical intervals separating any characteristic instant o f  m odu lation  (or  
o f  restitu tion) from  the characteristic instant o f  the start elem ent im m ediately preceding it. 
T he degree o f  d istortion o f  a  start-stop m odulation  (or restitution) is usually  expressed as 
a percentage.

N ote . —  A s for  defin ition  N o.- 14.

(a )  D egree o f  g ross s ta rt-sto p  distortion
D egree o f  d istortion determ ined w hen  the un it interval and the theoretical intervals 
assum ed are exactly  those appropriate to  the standardized m odulation  rate.

N ote. —  A s for  defin ition  N o . 14,

(b )  D egree o f  synchronous sta rt-s to p  d istortion  (i.e . a t the actual m ean m odulation ra te)  
D egree o f  d istortion  determ ined w hen the un it interval and the theoretical intervals 
assum ed are those appropriate to  the actual m ean rate o f  m odulation  (or o f  restitution).

• . N ote. —  1. A s for definition N o . 14.

2. F or the determ ination o f  the actual m ean m odu lation  rate, account is 
on ly  taken o f  those characteristic instants o f  m odu lation  (or o f  restitu tion) 
w hich correspond to  a change o f  cond ition  in the sam e sense as that occurring  
at the beginn ing o f  the start elem ent.

16. D egree o f  d istortion  in service.

D egree o f  d istortion  o f  a m odulation  (or o f  a restitu tion), m easured w hen the telegraph  
apparatus is in  service.

N ote. —  1. T he duration o f  the m easurem ent m ay be quoted in each particular case.

2. T he n otio n  o f  degree o f  d istortion  in service  differs from  that o f  degree  
o f  service  d istortion  o f  the form er B russels R ecom m end ation  N o . 301.

17. D egree  o f  standard ized  tes t d istortion . .

. D egree o f  d istortion  o f  the restitu tion m easured during a specified period o f  tim e w hen the  
m od u la tion  is perfect and corresponds to  a specific text.

N ote . —  The degree o f  standard ized  te s t d istortion  replaces the degree o f  service  distortion  
defined in  the form er B russels R ecom m end ation  N o . 301.

18. Q u ality  index o f  a  m odulation (o r  o f  a re s titu tio n ).

D ecim a l logarithm  o f  the reciprocal o f  the probability  that an  assigned value o f  degree o f  
- . d istortion  w ill be  exceeded.

N ote. —  W hen a defective m odu lation  (or restitu tion) is concerned— or a m odu lation  
(or restitu tion) w h ose  degree o f  d istortion, is greater than the m argin o f  the receiving appara
tus, thus causing errors (false signals)— the n o tio n  o f  quality  index (in  the-general sense for  
telegraphists) w ill be used to  evaluate the quality o f  the m odu lation  (or o f  the restitution).

19. Various typ es o f  distortion . >

It is usefu l, for  certain app lications, to  d istinguish various types o f  d istortion w hich m ay  
appear separately or in  com bination . . T hey are as fo llow s :

(a )  C haracteristic  d istortion

D isto rtio n  caused by transients w hich, as a result o f  the m odulation , are present in the  
transm ission  channel and depend on  its transm ission  qualities.

— 95 —
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(b )  F ortuitous distortion

D istortion  resulting from  causes generally subject to  random  laws (accidental irregula
rities in the operation  o f  the apparatus and m oving parts, disturbances affecting the  
transm ission channel etc).

( c) B ias or asym m etrica l d istortion

D istorsion  affecting a tw o-cond ition  (or binary) m odu lation  (or restitution) in which  
all the significant intervals corresponding to  one o f  the tw o significant cond itions have  
longer or shorter duration than the corresponding theoretical durations.

R E C O M M E N D A T IO N  N o. 94 *

N O IS E  A N D  SE N SIT IV IT Y  O F REC EIV ERS  

T he C .C .I.R ., (G eneva, 1951 —  L on d on , 1953)

CONSIDERING :

(a )  T hat the sensitivity o f  a  receiver is a  m easure o f  its ability  to  receive w eak signals and re
produce them  w ith usable strength and acceptable quality ;

(b )  T hat the fo llow in g  param eters, w hich are determ ined by the particular service for w h ich the  
receiver is used , are o f  special im portance in relation to  the sensitivity :

—  necessary output level,
—- necessary overall signal-band,
—  necessary signal-to-noise ratio at the output ;

(c )  T hat the fo llow in g  param eters relating to  the internal n o ise  o f  the receiver, w h ich are determ in
ed  by the receiver design, are a lso  o f  im portance in relation to  the sensitivity o f  the receiver :

—  the level o f  the internal no ise , as defined e.g . by the noise  factor,
—  the w idth o f  the effective overall no ise  band, w hich is n o t necessarily identical w ith the  

width o f  the signal band ** ;

(d )  That, in  m any cases, in  order to econ om ise in transm itted pow er, it is desirable that th e  
sensitivity shall be as great as econ om ic  and technical considerations perm it and is justified  
by the external no ise  l e v e l ;

(e )  T hat the cond itions for obtain ing a h igh sensitivity m ay conflict w ith  those for obtain ing  
go o d  protection  against interfering signals ** ;

( f )  T hat Q uestion N o . 76 (II) asks for data on n o ise  factor and sensitivity for  the various types 
o f  receivers used for the reception  o f  different classes o f  em ission  in the different services ;

(g )  T hat for the purpose o f  presenting, com paring and using data on the sensitivity o f  receivers, 
it is desirable to  define the fo llow in g  term s :

—  m axim um  usable (noise-lim ited) sensitivity ;
—  gain-lim ited sensitivity ;
—  reference sensitivity ;
—  noise  factor ;

(h ) T hat values for no ise  factor are often  particularly useful since they are m ore uniform  than  
values o f  m axim um  usable sensitivity for the various types o f  receivers used for the reception  
o f  different classes o f  em ission  in the different services, and ind icate the degree o f  im provem ent 
in  m axim um  usable sensitivity w hich is theoretically  possib le, other factors rem aining  
unchanged ;

* This Recommendation replaces Recommendation No. 41.
** See Recommendation No. 95’.



( i )  T hat a single value o f  n o ise  factor is adequate only  for a linear receiver, and  that, for a n o n 
linear receiver, the n o ise  factor is dependent o n  the signal input level and  the receiver gain ;

( j )  T hat the reference sensitivity is chiefly  o f  value in  com paring linear receivers ;

(k )  T hat it is desirable to  define a “ linear ” receiver ;

RECOMMENDS '.

1. T hat a linear receiver should  be defined as on e  operating in  such a m anner that the signal- 
to -n o ise  ratio  at the output is proportional to  the signal level at the input, and to the degree  
o f  m odu lation  ;

2. T hat the noise fa c to r  should  be defined as fo llow s : the n o ise  factor is the ratio o f  noise  pow er  
m easured at the outp ut o f  the receiver to  the n o ise  pow er w hich w ou ld  be present at the output 
i f  the therm al noise  due to  the resistive com ponent o f  the source im pedance were the only  
source o f  n o ise  in the system .

3. T hat the w idth  o f  the effective overall noise band  should  be defined as the w idth  o f  a  rectangular 
frequency response curve having a height equal to  the m axim um  height o f  the receiver
frequency response curve and corresponding to  the sam e tota l n o ise  pow er * ;

4. T hat the m axim um  usable sen sitiv ity  should  be defined as the m inim um  input signal (expressed  
as the e .m .f. o f  the unm odulated  carrier) w hich m ust be applied in  series w ith  the specified  
source im pedance (dum m y antenna) to  the input o f  the receiver in order to  obtain  at the  
output the signal level and the signal-to-noise  ratio necessary for norm al operation  w hen the  
norm al degree o f  m odu lation  ** is applied to  the carrier ;

5. T hat the m axim um  usable sensitivity as defined above should  be described as “ noise  lim ited  ” , 
and that i f  the gain is insufficient, the m axim um  usable sensitivity should  be described as 
“ gain lim ited  ”  ; in the latter case the sensitivity is m easured as the m inim um  input required  
to  obtain  the sam e signal level, gain being adjusted to  a m axim um  value w ithout regard to  
output n o ise  level ;

6. T hat, for  the purpose o f  presenting and com paring data for particular c lasses o f  receivers 
and classes o f  em ission  for the different services (norm ally to  be noise-lim ited  cases), and  for  
a particular frequency range, the reference sen sitiv ity  should  be defined as the m axim um  
usable sensitivity for specified values o f :

—  signal-to -noise  ratio,
—  receiver bandw idth,
—  degree o f  m odu lation  and
-— source im pedance (dum m y antenna).

w ithin  the linear range the m axim um  usable sensitivity for any o f  these cond itions should  
be derived from  the reference sensitivity (the n oise  factor being considered as constant), 
and vice versa (see A nn. II) ;

7. T hat in case o f  uncertainty w ith  regard to  term s o f  the form ulae relating n oise  factor and  
reference sensitivity (see A nn. II) ***) (e.g. the effective overall no ise  band) values, independent
ly m easured, for these tw o quantities should be given ;

8. T hat values for the m axim um  usable sensitivity and for the reference sensitivity should  be 
considered in  connection  w ith  the values for the one- and tw o-signal selectivity **** ;

9 . T hat, since the reference sensitivity is o f  particular value for a receiver w orking in  a linear  
con d ition , for  the m arkedly non-linear cond ition  only the m axim um  usable sensitivity and  
the n o ise  factor for the norm al operational cond ition  should  given ;

* See Doc. No. 3 (Geneva, 1951).
** A1 class of modulation is considered as 100% modulated.

*** See Doc. No. 197 (London, 1953).
**** See Recommendation No. 95.
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10. T hat, since m easured characteristics vary w idely from  one receiver to  another, m easurem ents 
sh ould  be m ade as far as possib le  on several receivers o f  the sam e type, and the values given  
for  the type o f  receiver under consideration  sh ou ld  be stated statistically  (m ean value, standard  
deviation), and that, wherever such in form ation  cannot be provided, a description  o f  the  
cond ition  o f  the receiver sh ould  be given * ;

11. T hat, w hen a psophom etric w eighting netw ork is used for  sensitivity m easurem ents, this 
fact should  be stated and the response curve given.

N ote . —  T he A nnexes give, for  reference purposes, the noise  and sensitivity values ob ta in ed  
for  several types o f  receiver in  current use in  certain countries, based o n  data and  in form ation  
given in  R ecom m endation  N o . 41 (G eneva 1951) and D o c . N o s. 118, 121, 133, 178 and  238 
(L ondon, 1953). The data were collected  as part o f  the studies required by Q uestion  N o . 47, 
(G eneva 1951).

A N N E X  I

C l a s s if ic a t io n  s c h e m e  f o r  r e c e iv e r s

1. Telegraphy
A l 1 ( Fixed service 
A2 | < General purpose 
FI J ( M obile service

Frequency sub-divisions 
I 30 - 600 kc/s 
{ 1 600 - 30 000 kc/s 
( 30 - 300 M c/s

2. Telephony
{ Fixed service 

A3 | General purpose 
( Mobile service

A3b Fixed service

I Fixed service 
F3 { General purpose 

( Mobile service

( 30 - 600 kc/s 
{ 1 600 - 30 000 kc/s 
( 30 - 300 Mc/s

3. Sound Broadcasting 

A3

F3

150 - 300 kc/s 
500 - 1 600 kc/s 

1 600 - 30 000 kc/s 
30 - 100 M c/s 

100 - 300 M c/s 
300 - 1 000 M c/s

4. Television
A5 Vision 

} Sound

( 30 - 100 M c/s 
{ 100 - 300 M c/s 
{ 300 - 1 000 M c/s

A N N E X  II

F o r m u l a e  r e l a t i n g  n o i s e  f a c t o r  a n d  s e n s it iv it y  o f  l i n e a r  r e c e iv e r s  

(See § 2 and  3 o f  th is R ecom m endation )

1. A l ,  A 2 , A 3  E m issions (am plitude m odulation ).
Dn n

E 2  =  8 k T  —^  F  x  1 0 1 2  ( 1) * *
m 2

* See Doc. No. 197 (London, 1953).
** Refer to Recommendation No. 41.
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where :
E =  e.m .f. o f  the carrier in  series w ith the equivalent series resistance o f  the source j, 

m easured in  m icrovo lts ;
F  =  noise  factor (pow er ratio) ;
R  =  source (dum m y antenna) equivalent resistance in  ohm s ; 
n =  signal-to -noise  pow er ratio at the o u t p u t ;
m  =  degree o f  m od u la tion  (m odulation  considered sinusoidal). F or A1 class o f  

em ission , take m  =  1 ; 
k — B oltzm an n con stan t =  1.37 x l ( F 23 Joules/degree K  ;
T  =  absolu te tem perature in  degrees K  (T  is com m on ly  taken as 293° K , w hen  

K T ^  4 0 0 x 1 0 -2 3  Joules) ;

B  =  w idth o f  the effective overall noise-band in  c/s, taken as the sm aller o f  the tw o  
fo llow in g  quantities :

(a )  the p o std etection  bandw idth ;

(b )  h a lf  the  predetection  b an d w id th * .

2. A3b E m issions (S ingle  side-band am plitude m odulation ).

E2 =  4kTBRnF x  1012
where
E, F , R , n, k  and T  as described in  § 1 ;
B  =  w idth o f  the effective overall noise-band in c/s,

fo llow in g  quantities :

(a )  the p o st detection bandw idth ;

(b )  the fu ll  predetection  ban d w id th * .

3. F I, F3 E m issions (frequency m o du la tion ) .

E2 =  8kT F x  1012 (3) ***
q

where :

2 =  1  D2
q 4 B2
E, F , R , n , k  and  T  as described in § 1 ;

D  =  frequency sh ift in  telegraphy or peak-to-peak  value o f  the frequency deviations
in  telephony (m odu lation  considered sinusoidal) ;

B  =  w idth  o f  the effective postdetection  noise-band *.

4. R eference sen sitiv ity  (see § 5 o f  this R ecom m endation ).
T he reference sensitivity m ay be calculated from  the n o ise  factor (see A nn. I l l )  by  m eans o f  
form ulae (1) to  (3) ab ove  or the sim plified form ula (4) g iven below  :

E2 =  C x  F • (4)

T ypical reference values for  B , R , n , m  and  D  are g iven  in  the fo llow in g  table, together w ith  
the corresponding values o f  the m ultip lying factor C  used  in  form ula (4). F or  case o f  com 
pu tation  the values o f  C  given  in  the table are in  decibels.
W hile form ulae (1) to  (4) can  a lso  be used to  calculate the n o ise  factor from  the m easured  
sensitivity, this procedure m ust be em ployed w ith caution  because possib le  uncertainties 
in  the various param eters (e .g ., the effective overall n o ise  band) m ay lead  to  less precise  
values for  F  than  can be ob ta ined  by direct m easurem ent (see § 1.5, A n n. IV).

* In some cases, it may be sufficient to approximate the bandwidth by taking limiting responses 6 db below the maximum 
response ; if a more accurate measurement o f bandwidth is required, the effective noise bandwidth may be determined, in each 
case, as explained in § 10 o f this Recommendation.

** Refer to Recommendation No. 41.
*** See Doc. Nos. 121 and 235, London.

(2) **

taken as the sm aller o f  the tw o



T a b l e  I

Typical reference values fo r  param eters used in calculating and measuring reference sensitivity

Class of 
emission Service

Effective
overall

noise-band
c/s

Source
resistance

(ohms)

Output
signal
noise
power
ratio
(db)

Degree o f 
modulation

Frequency 
shift (for 
F I) peak 
deviation 
(for F3) 

c/s

Multiplying 
factor 
C (db)

A1

Fixed
100 75 20 1 — - 1 6 .2

300 75 20 1 — - 1 1 .4

General-purpose 1000 75 20 1 — -  6.2

M obile 1000 75 20 1 — \ -  6.2

A2

Fixed
100 75 20 0.3 — — 5.72 —16.23

300 75 20 0.3 — - 0 .9  - 1 1 .4

General-purpose 1000 75 20 0.3 — + 4 .3  -  6.2

M obile 1000 75 ■ 20 0.3 — + 4 .3  -  6.2

A3

Fixed
General-purpose
M obile

3000 75 20 0.3 — +  9.1

Sound
broadcast
(M F)

5000 | dummy 
| antenna1 20 0.3 — —

Sound
broadcast
(H F)

5000 75 20 • 0.3 +  11.1

A3b Fixed 3000 75 20 — -  4.4

FI Fixed

100 75 20 — 100 - 1 5 .0

100 75 20 — 400 - 2 7 .0

300 75 20 - 100 -  0.7

300 75 20 — 400 - 1 2 .7

F3

Fixed
General-purpose
M obile

3000 75 20 — ±  4 5 0 0 4 -  9.7

Sound
broadcast 5000 75 20 — ± 2 2  500 4 - 1 7 .0

1 The values of the elements of the 
dummy antenna are shown in Fig. 1.

2 W ithout IF  oscillator.
3 With IF  oscillator.
4 30% of reference peak deviation 

—Telephony 15 kc/s
—Sound Broadcasting 75 kc/s. ĥJVWWW

o R

Ct
C2
L
R
Q l >

200 pF  
400 pF  
20 [xH 
400 Q 

15 (at 1 Mc/s)

O
F ig u r e  1

O
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A N N E X  III

G e n e r a l  c o n s i d e r a t io n s  r e l a t i n g  t o  t h e  n o i s e  f a c t o r  o f  r e c e iv e r s

In a w ell-designed receiver, no ise  originating in the receiver is m ainly due to  the random  
voltages (therm al and sh ot-noise) generated in  the early stages o f  the receiver, including that 
portion  o f  the aerial circuit conta ined  w ithin  the receiver.

R epresentative values o f  n o ise  factor for good  m odern receivers, w hich are especially  designed  
to  have low  no ise  factors, are given  below  :

Frequency Mc/s

Noise Factor

Power Ratio Decibels

up to 100 2.5 4.0
200 3.5 5.4
500 5.5 7.4

1 000 8.0 9.0
2 000 11.2 10.5
5 000 18.0 12.5

10 000 25.0 14.0

W hen, how ever, either the external no ise  level or  the input signal level is h igh, the receiver 
n o ise  factor becom es less im portant. F or  this reason, som e receivers (e.g ., m any broadcast recei
vers) are n o t designed to  have the best possib le values o f  reference sensitivity or o f  no ise  factor  
(see § 4  o f  th is R ecom m endation ).

T he m easurem ent o f  n o ise  factor is generally best carried out by m eans o f  the noise-generator  
m eth od  (particularly for frequencies above 30 M c/s) (see D o c . N o . 117, L ondon).

W hen the receiver contains a non-linear elem ent (e.g ., a detector, lim iter or discrim inator), 
it  is desirable that overall m easurem ents o f  no ise  factor be m ade under cond itions o f  linear  
operation , such as m ay be ob ta ined  by sim ultaneously injecting a carrier at ian appropriate level 
and frequency (see D o c . N o s . 197 and 235, L ondon).

A N N E X  IV

R e p r e s e n t a t i v e  v a l u e s  f o r  t h e  n o i s e  f a c t o r  a n d  r e f e r e n c e  s e n s it iv it y  o f  r e c e iv e r s

(e x c l u d i n g  t e l e v i s io n  r e c e iv e r s )

1. Introduction.

1.1 In the fo llow in g  T ables an  attem pt has been m ade to  present in a system atic way  
representative data for  no ise  and sensitivity characteristics o f  the various classes o f  
receivers. In  order to  facilitate the use o f  these data, and at the sam e tim e to  reduce the  
am ount o f  data presented, in general on ly  three figures (called for  convenience  
“ m axim um  ” , “ m ean ” , and “ m inim um  ”  values) have been given for each charac
teristic for  a num ber o f  sim ilar receivers in each class. The term s m axim um , m ean  and  
minim um  refer to  values ex p ressed  in decibels  for sensitivity or no ise  factor according to  
the colum n. It is im portant to  n ote  therefore, that for a g iven case, the m axim um  value  
in  the sensitivity co lu m n indicates a poorer sensitivity  than that o f  the m inim um  value. 
F or som e m edium -frequency sound broadcasting receivers, statistical values (m ean  
value and standard deviation ) are given.
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1.2 T he figures in  the T ables are taken partly from  A nn. II to  R ecom m end ation  N o . 41 
(G eneva), but for  the m ost part are deduced from  data and  in form ation  conta ined  in ' 
L ond on  D o c . N o s. 118, 121, 133, 178 and  238. T he data given in these docum ents were 
collected  as part o f  the studies required by Q uestion  N o . 47, (G eneva). T he m ethods  
o f  m easuring sensitivity were discussed in  A nn. II o f  R ecom m end ation  N o . 41 (G eneva) 
and in D o c . N o s . 116 and 118 (L ondon).

1.3 O nly lim ited  data, and in som e cases no  data are availab le for certain classes o f  receiver 
(e.g., frequency m odu lation  receivers for  fixed and  m obile  services) ; there is a lso  a 
lack  o f  data for a ll classes o f  receivers a t frequencies above abou t 30 M c/s.

1.4 It is hoped , nevertheless, that the incom plete  data g iven in  the T ables w ill be o f  value  
to  the users and that it w ill be possib le  to  add to  these data in  the future.

1.5 It w as found that the values for m axim um  usable sensitivity, reference sensitivity and  
n oise  factor, obtained from  the different sources, w ere n o t alw ays consistent w ith  the  
form ulas (1) to  (4) in  A n n. II. A s the values for n o ise  factor were considered m ore  
reliable in  such cases, these were taken as the basic inform ation, and  the values for  
reference sensitivity given in  the T ables in  A nn. IV  were derived from  th ose  for  the noise  
factor by the use o f  form ula (4) in A nn. II.

R e f e r e n c e  s e n s it iv it y  a n d  n o is e  f a c t o r  

Table 1. — Radio-telegraphy receivers

Class
of

emis
sion

Service
Frequency 

range 
in kc/s

Reference 
sensitivity 

(db rel. 
to 1 [T.V)

Noise
factor
(db)

Reference 
bandwidth 

■ (c/s)
Remarks

0 ) (2) (3) (4) (5) (6) (7) (8)

Max. -  6.2 10

Fixed 1 600- 
30 000 Mean -  9.2 7 100 M any receivers tested

Min. - 11.2 5

Max. +  7.8 14

A1 General-
purpose

1 600- 
30 000 Mean +  2.3 8.5 1000 Several receivers tested

Min. -  1.2 5

Max. +  11.3 17.5

Mobile 1 600- 
30 000 Mean +  5.8 12 1000 Few receivers tested

Min. +  0.3 6.5

Max. - 1 9 .0 8
Reference frequency shift 
=  400 c/s
Few receivers tested

FI Fixed 1 600- 
30000 Mean - 21.0 6 100

■ Min. - 2 3 .0 4
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2. N o tes on Tables 1 to 3.

Column No.

(1) (2) R eceivers  are tabulated  in term s o f  the class o f  em ission , service and frequency range, 
and (3) respectively.

(4) See § 1.1 o f  this A nnex.

,(5) Reference Sensitivity . See § 5 and A nn. II, § 4  o f  this R ecom m end ation  ; the values 
for the reference sensitivity g iven in  the T ables assum e the reference values for  
overall noise-band, source resistance, output signal-to-noise  ratio and  degree o f  
m odu lation  (frequencyrshift or deviation  in frequency m odulation  .receivers), given  
in T able I o f  A nn. II.

(6) N oise  Factor. See § 2 and A nn. II and 111 o f  this R ecom m endation .

(7) Reference B andw idth. See A nn. 11, T able 1 o f  this R ecom m endation .

(8) R em arks. T his co lu m n contains in form ation  on the num ber o f  receivers o n  w hich  
the representative values for  n o ise  and sensitivity are based, and w hen possib le  som e  
ind ication  o f  the spread o f  the data.

Table 2. — Radio-telephony receivers

Class
of

emis
sion

Service
Frequency 

range 
in ,kc/s

Reference 
sensitivity 
(db rel. 

to 1 fj.V)

Noise
factor
(db)

Reference
bandwidth

(c/s)
Remarks

(1) (2) (3) ' (4) (5) (6) (j) (8)

A3 -

Fixed 1 .6 -3 0

Max. +  19.1 10

3000 Few receivers testedMean +  16.1 7

Min. +  13.1 4

General-
purpose 1 .6 -3 0

Max. +23.1 14

3000 Several receivers testedMean +  16.8 7.7

Min. +  11.1 2

M obile 30 - 300

Max. + 20.1 11

3000 Few receivers testedMean +  18.8 9.7.

Min. +  17.5 8.4

A3b Fixed 1 .6 -3 0

Max. +  4.1 8.5

3000 Several receivers testedMean +  2.1 6.5

Min. -  0.4 4.0

F3 M obile 30 - 300

Max. — -

3000 Few receivers testedMean +  0.8 10.5

Min. — —
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Table 3. —• Sound broadcast receivers

Class
of

emis
sion

Service
Frequency 

range 
in kc/s

Reference 
sensitivity 

(db rel. 
to 1 |i.V)

Noise
factor
(db)

Reference
bandwidth

(c/s)
Remarks

( 0 (2) (3) (4). (5) (6) (7) (8+

500- 
1 600 Mean +  42.6 26 5000

170 low-cost receivers tested. 
Standard deviation on 
reference sensitivity : 3.8 db *

Max. +  32.1 21
Several receivers tested, all 
had one R .F. stage

1 600- 
30 000 Mean +  25 13.9 5000

A3 Min. +  17.1 6

1 600- 
30 000 Mean +  34.1 23 5000

69 low -cost receivers tested. 
Standard deviation on 
reference sensitivity : 5.0 db *

in Mc/s
Mean +  19.1 5000 Several receivers tested, all

30 - 300
8 had one R.F. stage

Max. +  9 26

F3 — 30 - 300 Mean +  o 17 5000 Few receivers tested

Min. -  9 8

* See Doc. No. 178 (London).

. A N N E X  V

R e p r e s e n t a t iv e  v a l u e s  f o r  t h e  r e f e r e n c e  s e n s it iv it y  a n d  n o i s e  f a c t o r  
o f  t e l e v i s io n  r e c e iv e r s

1. Introduction.

1.1 T he m ethods o f  test o f  te lev ision  receivers have not, as yet, been fu lly  standardised  in 
the various countries and the data given in  this A nnex and the relevant docum ents m ust 
be regarded as tentative until such standardisation is m ore com plete.

1.2 T he T able given below  contains representative values for the sensitivity o f  the v ision  and  
sound channels o f  typical television  receivers (405-line system ), as required by Q uestion  
N o . 47 (G eneva). T he data given in  the T able are deduced from  inform ation  contained  
in D o c . N o s . 116 and 118 (L ondon).

2. N o tes on Table.

Column No.

(1) (2) The significance o f  these colum ns is the sam e as in the case o f  the co lu m ns w ith
(3) and (6) corresponding titles in A nn. IV. .

(4) In the case o f  the v ision  channel the reference sensitivity has been taken as the larger 
o f  the input signal levels required to  produce at the output :
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(a )  a v ision  signal outp ut level o f  20 V  (peak-to-peak , b lack-to-w hite picture signal),

or (b )  a v ision  signal-to-noise  ratio o f  12 db (peak-to-peak  values o f  v ision  signal and  
noise).

I f  the gain  is insufficient to  enable (a )  and (b )  to  be sim ultaneously satisfied, the  
receiver is referred to  as gain-lim ited ; otherw ise it is noise-lim ited.

T he sensitivity is stated as the R .M .S . value o f  the input carrier corresponding to  
peak-w hite m odu lation  (positive m odu lation  system ) ; for  test purposes a carrier 
sinusoidally  m odu lated  to  a depth o f  50 % , corresponding to  a black-to-w hite picture  
signal in  a system  w ith 70/30 p icture/synchronising-pulse am plitude ratio, is assum ed.

T he fo llow in g  reference values are also assum ed :
Source resistance 75 ohms
Width o f overall effective noise-band 3 Mc/s

In the case o f  the sou nd  channel the reference values for the output signal/no ise  
ratio, the w idth  o f  the overall effective noise-band and the m odu lation  o f  the test 
signal are the sam e as for sound broadcasting receivers (see T able 1, A nn. II).

T a b l e

Reference sensitivity and noise factor television receivers

Frequency 
range 

in Mc/s
Class of 
emission

Reference sensitivity 
(db rel. to 1 (zV) Noise

factor
(db)

Remarks
Noise-
limited

Gain-
limited

All
types

0) (2) | (3) (4) ■ (5) (6)

30-100

A5
(vision)

Max. 56 57 57 14 9 receivers tested (7 noise- 
limited, 2 gain-limited) ; syn
chronisation satisfactory in all 
cases
(405-line system)

Mean 46 54 48 8

Min. 42 51 42 5

A3
(sound)

Max. 28 35 35 13
9 receivers tested (4 noise- 
limited, 5 gain limited)Mean 22 27 25 9

Min. 18 20 18 6

R E C O M M E N D A T IO N  N o . 95 *

S E L E C T IV IT Y  O F  R E C E IV E R S  

T he C .C .I.R ., (L ondon, 1953)

CONSIDERING I

(a ) T hat receivers should  n o t be influenced by transm issions occupying frequency bands other  
than those w hich are in tended  to  be received ;

* This Recommendation replaces Recommendation N o. 42.
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(b )  T hat the selectivity o f  a receiver is a m easure o f  its ab ility  to  discrim inate betw een a desired  
signal to  w hich the receiver is tuned and undesired signals on  other frequencies ;

( c)  T hat econ om y in the use o f  the radio spectrum  requires the m axim um  selectivity com patib le  
w ith the technical and econ om ic considerations relating to  the particular class o f  receiver ;

( d)  T hat w hen the levels o f  the desired and undesired signals are sufficiently low  to m ake n o n 
linear effects in  the receiver (e.g. cross-m odulation) negligib le, the perform ance is adequately  
expressed by the “ single-signal ”  selectivity ;

(e )  That, i f  the desired or undesired signal levels are sufficiently h igh to  produce appreciable  
non-linear effects, the perform ance m ust be ascertained by other m eans, e .g . by the “ tw o-  
signal ”  selectiv ity  ; these non-linear effects m ay be very num erous and it is necessary to  
select the m o st representative cases in order to  sim plify  the m easurem ents ;

( f )  T hat un iform  m ethods o f  single-signal and tw o-sign al m easurem ent o f  the selectivity are 
desirable in order to  perm it com parison o f  receivers ;

RECOMMENDS :

1. T hat the pass-band o f  the receiver shall be no wider than is essential for the transm ission o f  
the necessary m odulation  o f  the desired signal w ith ou t significant d istortion  (see § 1.2 o f  
R ecom m end ation  N o . 36, G en eva*), together w ith  an allow ance for  the unavoidable  
instab ilities o f  the frequencies o f  the transm itter and o f  the receiver ;

2. T hat the attenuation-slope on each side o f  the pass-band shall be as large as possib le, taking  
in to  a c c o u n t :

—  th e  unavoidable spread o f  the spectrum  o f  signals in adjacent channels (see § 2 o f  
R ecom m end ation  N o . 36 *) ;

—  the lim itation  o f  the selectivity, o f  the receiver by unavoidable am plitude non-linearity, 
e.g. cross-m odulation  ;

—  the fact that an excessively large atten uation -slop e m ay lead  to  serious d istortion  o f  the  
phase/frequency characteristic in the pass-band ;

3. T hat the filters w hich determ ine the selectivity shall be included as near as possib le to  the 
receiver input, and the valve stages preceding the filters shall be sufficiently linear, in order 
to avoid  significant loss o f  selectivity, e.g. by cross-m odu lation  o f  the desired signal by strong  
undesired signals ;

4. T hat for  the purpose o f  studying the single-signal se lec tiv ity  in the linear regions the fo llow in g  
definitions are recom m ended :

4.1 “ P ass-ban d  ”  : the pass-band is the band o f  frequencies lim ited by the tw o frequencies for  
w hich  the attenuation  exceeds that o f  the m ost favoured  frequency by som e agreed value ; 
in general this value is 6 db, except for high-quality  rad io  te lephony receivers where the value  
is 2 db.

4 .2  “ A ttenuation -slope  ”  : the attenuation-slope o n  each side o f  the pass-band is the ratio :

difference o f attenuation obtained for frequencies beyond the pass-band 

difference between these frequencies

4.3 “ Im age-response ra tio  ”  : the im age-response ratio is the ratio o f  :

—  the input signal level at the im age frequency required to  produce a specified output from  
the receiver,

—  to  the level o f  the desired signal required to  produ ce the sam e output.

This Recomm endation has become Recommendation N o . 87.
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T he im age-freqiiency is the desired signal frequency plus or m inus tw ice the interm ediate- 
frequency, according to  w hether the frequency change oscillator is higher or low er in frequency  
than the desired signal frequency respectively.
I f  the receiver incorporates m ore than one frequency change there w ill be m ore than one  
im age frequency, and for each o f  these there w ill be a corresponding im age-response ratio.

4 .4  “ In term ediate-frequency response ratio  ”  : the interm ediate-frequency response ratio is the  
ratio :
—  o f  the level o f  a signal at the interm ediate frequency applied to  the receiver input and  

w hich produces a specified output from  the receiver,
—  to  the level o f  the desired signal required to  produce the sam e o u tp u t ;

5. T hat in  order to  express the selectivity in  the linear region it is desirable that single-signal 
m easurem ents be m ade o f  the pass-band, the attenuation-slope, the im age-response and the  
interm ediate-frequency response ratios as defined above.
In the case o f  the attenuation-slope sufficient ind ication  is generally obtained  by considering  
the frequency difference corresponding to  attenuations o f  20, 40, 60 and i f  possib le  80 db, 
reckoned from  the lim it frequencies o f  the pass-band. W hen the values thus obtained are 
essentia lly  equal for the tw o sides o f  the pass-band it is sufficient to  give m ean values.
Since, w h en  p lotting  in decibels to  a  logarithm ic scale o f  frequency, the sides o f  the selectivity  
characteristic are often  a lm ost straight beyond a certain frequency difference relative to  the
m id-band frequency, the attenuation  outside the pass-band can also  be expressed as the slope
o f  the attenuation/frequency characteristic, in  decibels per octave o f  the frequency difference 
(see F ig . 1) ;

F ig u r e  1

Abscissae : Frequency difference relative to the mid-band frequency ; 
logarithmic scale, arbitrary units.
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6. T hat for the purpose o f  studying the selectivity in  the non-linear reg ion  w ith tw o  or m ore  
input signals the fo llow in g  definitions are recom m ended :

6.1 “ E ffective se lec tiv ity  ”  : T he effective selectivity is the ability o f  the receiver to  discrim inate  
betw een the desired signal to  w hich the receiver is tuned and an undesired signal having a 
frequency generally outside the pass-band and the level o f  w hich is such as to  produce n o n 
linear effects, both  desired and undesired signals acting sim ultaneously  and one or both  
being m odulated. T he effective selectivity can be m easured by the b lock ing , cross-m odulation  
and inter-m odulation characteristics defined below  ;

6.2 “ B locking  ”  : B lock ing is defined as the level o f  an undesired signal on  a near-by frequency, 
e.g. in an adjacent channel, w hich  results in an assigned change (generally a reduction) e.g. 
3 db, in the output due to  a m odulated * desired signal o f  specified level applied  to  the receiver 
input ;

6.3 “ C ross-m odulation  ”  : C ross-m odulation  is defined as the level o f  a m odulated  undesired  
signal on  a frequency near to  an  unm odulated  desired signal, e.g. in  an  adjacent channel, 
w hich results in an output from  the receiver a specified am ount, e.g . 20 db **, below  that 
w hich w ou ld  be obtained if  the desired signal were m odulated  ;

6.4 “ In ter-m o d u la tio n ”  : In ter-m odulation is defined as the levels o f  tw o undesired signals 
w hich produce at the receiver output a given level (e.g. 20 db ** below  that corresponding  
to  the norm al input signal), w hen  the frequencies o f  these tw o undesired signals have :

—  a difference equal to  the interm ediate frequency ; .
—  a sum  or difference equal to  the frequency o f  the desired signal ;

the tw o interfering signals being sim ultaneously applied :

—  in  general the signals are equal in  level, one being m odulated  and the other unm odulated , 
and both  frequencies are sim ultaneously adjusted so  that the level o f  the in ter-m odulation  
product is a m axim um . T he gain o f  the receiver w hen m easuring the inter-m odulation  
perform ance sh ou ld  be that corresponding to  the specified input and outp ut levels o f  the  
desired signal.

O ther orders o f  inter-m odulation  product m ay occur in  practice ; th ose  selected  are typical 
and are generally sufficient to  specify the perform ance in respect o f  in ter-m odulation  ;

7. T hat in  order to  express the selectivity in  the non-linear region, it is desirable that tw o-signal 
m easurem ents be m ade o f  the effective selectivity in  terms o f  the b lock ing, cross-m odulation  
and inter-m odulation  characteristics as defined above.

N ote . —  A nn. I gives representative values for the selectivity o f  a lim ited  num ber o f  receivers 
(exclud ing television  receivers) and is based o n  data and in form ation  given  in  the A n n . to
R ecom m end ation  N o . 42 and D o c . N o s . 98, 123, 178, 236, 239 and 290 (L ondon).

A nn. 2 gives representative values for the selectivity o f  television  receivers and is based o n  
data g iven in D o c . N o . 99 (L ondon). T he data given  in A nn. I and II were collected  as part o f
studies required by Study Program m e N o . 6 (G eneva).

A N N E X  I

S e l e c t i v i t y  o f  r e c e iv e r s , e x c l u d i n g  t e l e v i s io n  r e c e iv e r s

1. General.

In  the fo llow in g  T ables an attem pt has been m ade to  present in a system atic w ay representative  
data for the selectivity characteristics o f  the various classes o f  receiver. In  order to  fac ilita te  
the use o f  these data, and at the sam e tim e to  reduce the am oun t o f  data presented, on ly

* Except for A1 signals when an unmodulated carrier is used.-
** Other values may be desirable for certain special classes o f receivers.



T a b l e  1

S in g le -S ig n a l S e le c tiv ity

Radio-Telegraphy Receivers

Class
of

emis
sion

Service
Frequency 

range 
in Mc/s

R.F. and I.F. 
pass-band 

in kc/s

Attenuation-slope in db/kc/s Ultimate 
slope 

in db/ 
octave

Image 
response ratio 

in db

I.F. 
response ratio 

in db
Remarks

26 db 46 db 66 db 86 db

(1) (2) (3) (4) (5) (6) (7). (8) ' (9) (10)

Fixed 1.6-30 i t 165, 200 200 200 — 1 1 3 *  83** 1 Receiver tested

Max. - 2.7 16 15 12 — — >  100 >100 -

0.03-0.6 Mean 1.1 13 12 10 — — > 9 0 ■ 90 4 Receivers tested

A1 General- Min. 0.2 10 10 8 — — >  80 78
purpose Max. 4.7 28 28 28 — — 119 * 53 ** >110

1.6-30 Mean 1.4 16 15 15 — — 73 * 28 ** > 9 0 6 Receivers tested

Min. 0.2 10 10 8 — — 4] * 7 ** oOOA 
j

M obile 30-300 43 0.8 0.7 0.6 63.5 — — 1 Receiver tested

Fixed 1.6-30 2.2 100 110 120 130' 113* 83 ** — 1 Receiver tested

Max. 6.8 16 15 10 — ■ — 122 >100

0.03-0.6 Mean 3.4 10.5 10 8 — — 100 >  90 7 Receivers tested

A2 General- Min. 2.0 5 4 4 — — >  80 78

purpose Max. 6.8 13 .12 10 — — 119* 53** >110

1.6-30 Mean ' 3.4 10 10 ‘ 8 — — 73 * 28 ** >  90 8 Receivers tested

Min. 1.5 5 4 4 — — 41 * 7 ** >  80

M o b ile . 30-300 43 ' 0.8 0.7 0.6 —  ' 63.5 — 1 Receiver tested

FI Fixed 1.6-30 2.2 100 110 120 130 — 113* 83** 1 Receiver tested

* At 2 M c/s. ** A t 30 Mc/s.



T a bl e  2

S in g le -S ig n a l S e le c tiv ity

Radio-Telephony Receivers

Class
of

emis
sion

Service
Frequency 

range 
in Mc/s

R .F. and I.F.
pass-band 

in kc/s

Attenuation-slope in db/kc/s Ultimate 
slope 

in db/ 
octave

Image 
response ratio 

in db

I.F. 
response ratio 

in db
Remarks

26 db 46 db 66 db 86 db

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10)

A3

General- 
. purpose

0.03-0.6

Max. 6.8 11 11 11 — — ‘ 122 >100

5 Receivers testedMean 5.5 8.4 8.0 8.0 — ~ >100 >  90

Min. 4.0 5 4 4 — — >  80 >  78

1.6-30

Max. 6.8 12 11 11 — — 119* 53** >110

7 Receivers testedMean 5.3 8.5 8 8.0 — — 73 * 28 ** >  90

Min. 4.0 5 4 4 — — 42 * ~j ** >  80

M obile 30-300

Max. 52 1.45 1.7 1.75 — — — —

3 Receivers testedMean 40 1.15 . 1-27 1.28 — — —

Min. 26 0.8 0.7 0.6 — - — —

A3b Fixed 1.6-30

Max. 6.4 240 240 240 100 — 115* 85** >110 4 Receivers tested 
for cols. (5) and (6) ; 
3 Receivers tested 
for cols. (8) and (9)

Mean 6.15 100 114 118 70 — 112* 84** >  95

Min. 6.0 12 12 12 10 — 110* 82** >  80

F3 M obile 30-300 6.5 4.0 5.0 5.5 5.7 54 — —

Average o f several 
receivers covering 
frequency range 152- 
174 Mc/s

* A t 2 M c/s. ** At 30 M c/s.

110



T ab l e  3

S in g le -S ig n a l S e le c tiv ity

Sound Broadcasting Receivers

Class
of

emission

Frequency 
range 

in Mc/s

R.F. and I.F. 
pass-band 

in kc/s

Attenuation-slope in db/kc/s Ultimate
slope Image 

response ratio 
in db

I.F.
response ratio 

in db
Remarks

26 db 46 db 66 db 86 db
in db 1 
octave

(1) (3) (4) (5) (6) (7) (8) (9) (10)

M ax. 13.3 4.5 . 3.75 — — >  80 76

0.15-0.3 M ean 8.95 3.57 3.0 — — 64 64 8 Receivers tested

Min. 4.0 2.5 2.1 — — 30 40

Max. 13.3 4.5 3.75 — — 91 72

0.5-1.6 Mean 8.05 . 3.64 3.09 — — 54 62 11 Receivers tested

A3
Min. 4.0 2.5* 2.1 — — 12 23

Max. 7.3 Data is obtained from  
a statistical analysis 
of the performance of  
170 low  cost receivers 
manufactured to the 
same specification

0.5-1.6 M ean 5.3 4.83 4.3 3.39 — 30 35 a = 5 .6 * —

Min. 3.3

Max. 13.3 4.5 3.75 — — 44 ** > 120**

1.6-30 Mean 8.05 3.6 3.1 ■ — — 25 ** 9 0  ** 10 Receivers tested

Min. 4.0 2.5 2.1 — 9 ** 37 **

* a  =  standard deviation. ** at 10 Mc/s.



T able  4

T w o -S ig n a l S e lec tiv ity

Telegraphy Receivers

Class
of

emis
sion

Service

Fre-
quency
range

in
Mc/s

Fd-FU
(kc/s)

Blocking 
Level of undesired signal 

(db rel. to 1 fxV) . 
for level of desired signal 

(db rel. to 1 u.V) o f :

Cross-modulation 
Level of undesired signal 

(db rel. to 1 fi.V) 
for level of desired signal 

(db rel. to 1 ptV) o f : Fd
(Mc/s)

Inter-modulation

Level of undesired 
signal 

(db rel. to 1 uV) Remarks

F'u-F"u
=  F if

F'u-F"u 
=  Fd

F 'u + F"u
= F d4-20 +  40 +  60 j +80

l
+  20 +  40 +  60 | +80

(0 (2) (3) (4) (5) (6) (7) (8) (9)

A1 Fixed 1.6-30 10 90 105 115 120 — — — — — — — 1 Receiver tested



/ T a b l e  5

Two-Signal Selectivity  

Radio Telephony Receivers

Blocking Cross-modulation Inter-modulation

Class
of

emis Service

Fre
quency
range F d~F u

(kc/s)

Level o f undesired signal 
(db rel. to 1 (jtV) 

for level of desired signal 
(db rel. to 1 u.V) o f :

Level of undesired signal 
(db rel. to 1 [j.V) 

for level of desired signal 
(db rel. to 1 p.V) o f: F d

Level o f undesired 
signal 

(db rel. to 1 piV) Remarks
sion Mc/s (Mc/s)

F 'u + F"u
= Fd+  20 +  40 +  60 + 80 +  20 +40 +60 +  80

F u -F"u 
==Fif

F'u F"u 
= Fd

0 ) (2) (3) (4) (5) (6) (7) (8) (9)

Max. 86 > 1 2 0 > 1 2 0 > 1 2 0 — 93 106 115 93 82 93 6 Receivers tested 
for cols. 6 and 7; 
4 Receivers tested 
for col. 8 
See N ote

10 Mean 75 95 108 117 — 81 94 101 10 >  70 >  71 ' >  80

A3 General- 1.6-30
Min. 66 78 94 111 ' — 61 79 78 43 60 >  60

purpose Max. 96 > 1 2 0 > 1 2 0 ' > 1 2 0 100 114 122 78 > 1 0 0 > 1 0 0 5 Receivers tested 
for cols. 6 and 7; 
3 Receivers tested 
for col. 8 
See N ote

2 0 M ean 88 > 1 0 9 > 1 1 2 > 1 1 5 — 83 96 102 30 >  71 >  80 >  80
■ A

Min. 79 89 102 111 — 73 79 78 >  60 >  60 >  60

Mobile 0.03-
0.6

10 102 112 127 — , — 109 114 — — 1 Receiver texted 
See N ote

Max. 72 90 110 110 76 92 105 115 > 9 4 94 >  94 3 Receivers tested 
for cols. 6 and 7 ;  
1 Receiver for col. 8 
(measured at 3 fre
quencies) See N ote

A3b Fixed 1.6-30 10 Mean 70 89 105 105 72 87 101 105 >  92 90 >  94

Min. 69 86 104 100 64 84 97 96 89 88 >  94

Note. The undesired signal levels quoted for inter-modulation and cross-modulation are those which result in outputs from the receiver that are 0 db and 30 db, respectively, 
below that which would be obtained if the desired signal were modulated (modulation depth=30% ).



T a b l e  6 

Two-Signal Selectivity  
Sound Broadcasting Receivers

Blocking Cross-modulation
Inter-modulation

Class
of

Frequency 
range 

in Mc/s
F d“F u
(kc/s)

Level o f undesired signal 
(db rel. to 1 fjiV) 

for level o f desired signal 
(db rel. to  1 ixV) o f :

Level of undesired signal 
(db rel. to 1 (jtV) 

for level of desired signal 
(db rel. to 1 uV) o f : F d

Level o f undesired 
signal 

(db rel. to 1 jjtV) Remarks
emission

(Mc/s) FV F"u
= F if

F 'u + F"u
- F d+20 +40 +60 +  80 +20 +  40 +60 +  80

F  u -F u 
= F d

0) (3) (4) (5) (6) (7) (8) (9)

Max. — >  80 >  80

0.15-0.3 — M ean — >  74 >  62 5 Receivers tested 
See N ote

Min. — 66 54

Max. — 72 88 107 — 61 85 115 >  90 >  90 >  80 3 Receivers tested 
for cols. 6 and 7;  
7 Receivers tested 
for col. 8 
See N ote

10 Mean — 67 86 104 — 55 79 101 1 78 72 76

Min. — 64 85 102 — 50 73 93 58 53 61

Max. — 93 113 126 — 78 105 > 1 2 6 — — —

A3 0 .5 -i.6 20 M ean — 91 107 122 — 77 101 >121 — — — 2 Receivers tested 
See N ote

Min. — 89 102 119 — 77 97 116 — — —  .
Max. — 105 120 > 1 2 6 — 93 119 120 — — —

30 Mean — 104 117 > 1 2 6 — 92 112 120 — — —
2 Receivers tested 
See N ote

Min. — 104 114 > 1 2 6 — 91 105 120 — — —

Max. 56 73 >  90

1.6-30 — Mean 10 50 66 >  80 6 Receivers tested 
See N ote

Min. 38 59 68

Note. The undesired signal levels quoted for inter-modulation and cross-modulation are those which result in outputs from the receiver that are 0 db and 30 db, respectively, 
below that which would be obtained if the desired signal were modulated (modulation depth =  30%).
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three figures (called  for  convenience “ m a x im u m ” , “ m e a n ”  and “ m in im u m ” values) 
have been  given  for  each  characteristic for a num ber o f  sim ilar receivers o f  each  class. It 
sh ou ld  be noted , how ever, that in  m any cases, because o f  the sm all num ber o f  receivers 
(indicated in  the “ R em arks ”  colum ns o f  the tables), these figures have n o t a precise statistical 
significance.

O nly lim ited  data, and in  som e cases n o  data, are availab le for certain classes o f  receiver  
(e.g. frequency m odu la tion  receivers for sound broadcasting, fixed and m obile  services) ; 
there is a lso  a' lack  o f  data for a ll classes o f  receivers at frequencies above abou t 30 M c/s.

It is h o p ed  that, nevertheless, the incom plete data g iven in  the Tables will be o f  value to  the  
users and that it w ill be possib le  to  add to  these data in the future.

2. N o tes to the Tables.

2.1 Single-signal se lec tiv ity . . .

Column

(1) (2) R eceivers are tabulated  in  term s o f  the class o f  em ission, class o f  receiver and fre- 
and (3) quency range respectively, according to  the “ C lassification Schem e for R eceivers ”  

conta ined  in  A nn. 1, o f  R ecom m end ation  N o , 24.

(4) See Section  1 above  (G eneral).

(5) See § 4.1 o f  th is R ecom m endation .

(6) See § 4 .2  an d  5 o f  th is R ecom m endation .

(7) See § 5 and F ig . 1 o f  th is R ecom m endation . T he “ u ltim ate slope ”  is the value,
generally constant, that the attenuation slope attains at frequencies rem ote from  the  
pass-band.

(8) See § 4.3  o f  this R ecom m endation .

(9) See § 4 .4  o f  th is R ecom m end ation .

(10) T his co lu m n show s the num ber o f  receivers on  w hich  the representative values for  
the single-signal selectivity are based, and, w h en  possib le, som e ind ication  o f  the  
spread o f  the data.

2 .2  Tw o-signal se lec tiv ity .

Column 

(1) (2)
and (3) See Section  2.1 above.

(4) F requency difference betw een the desired signal (Fd) and the undesired signal (F u).

(6) See § 6 .2  o f  th is R ecom m endation .

(7) See § 6.3 o f  this R ecom m endation .

(8) See § 6 .4  o f  th is R ecom m endation .

(9) T his co lu m n show s the num ber o f  receivers on  w hich representative values for the
tw o-signal selectiv ity  are based, and the values for  the ratios o f  the desired to  the  
undesired signal a t the receiver output (in  cross-m odulation  and inter-m odulation  
tests w h en  these differ from  those suggested in  § 6.3 and  6.4 o f  this R ecom m endation ).

A N N E X  II  

S e l e c t i v i t y  o f  T e l e v is io n  R e c e i v e r s

General.

T he m eth ods o f  test o f  te lev ision  receivers have n ot, as yet, been fully standardised in  the  
various countries an d  the data given  in  th is A n nex  and the relevant docum ents m ust be regarded  
as tentative un til su ch  standardisation  is m ore com plete.



T a b l e

S in g le -S ig n a l S e lec tiv ity

Television Receivers

Class 
o f emission

Attenuation in decibels, rel. to maximum response, at the frequency shown below 
in Mc/s, rel. to vision carrier frequency

range 
in Mc/s

Sound
carrier

Vision
carrier

Remarks

- 5 -4 .5 - 4 - 3 .5 - 3 ' - 2.5 - 2 - 1 G + 0.5 3-1

(D (2) (3) (4) (5)

A5
(vision)

Max. > 6 0 > 6 0 > 6 0 54 20 5 1 0 9 27 46

Mean > 6 0 > 6 0 > 6 0 40 15 3 0 0 6 23 41

30-100
Min. 40 18 32 36 10 1 0 0 4 20 37

4 Receivers tested

A3
(sound)

Max. > 6 0 60 37 0 39 60 > 6 0 > 6 0 > 6 0 > 6 0 > 6 0 (405-line system)

• Mean > 6 0 48 20 0 27 50 > 6 0 > 6 0 > 6 0 > 6 0 > 6 0

Min. 55 34 10 0 15 38 53 > 6 0 > 6 0 > 6 0 > 6 0

Nntes: ■ ' •

Colum No.
(1) (2) The significance of these columns is the same respectively as in the case of of columns 1, 3, 4 and 10 in Ann. I, Section 2.1.

(3) and (5)

(4) Because of the special shape of the selectivity characteristic of the vision channel (sometimes involving a guard-band near the sound channel), the methods usually
employed to describe this characteristic (e.g. attenuation-slope) are not altogether suitable in the case of television receivers ; in the latter case the attenuation, relative
to the maximum response in the pass-band, is shown in the Table for a range of frequencies on both sides sides of the vision carrier.
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T he T able contains representative values for the single-signal selectivity o f  the v ision  and  
sound channels o f  typical television  receivers (405-line system  only). The m ethods o f  m easurem ent 
are described in D o c . N o . 166 (L ond on). This docum ent a lso  refers to  the m easurem ent o f  the  
tw o-sign al selectivity o f  television receivers, e .g ., the blocking and cross-m odulation  characteristics, 
and the undesired responses o l such receivers.

R E C O M M E N D A T I O N  N o .  96

F R E Q U E N C Y  S T A B IL IT Y  O F  R E C E IV E R S

(S tu d y  P ro g r a m m e  N °  5)

T he C .C .I.R ., (L ond on, 1953)

CONSIDERING !

(a )  T hat, in practice, the pass-band o f  receivers (§  1 o f  R ecom m endation  N o . 87), is often  
increased beyond that essential for the transm ission o f  the m odulation o f  the desired signal 
w ithou t significant d istortion  ;

(b )  T hat the reasons for this increase in the pass-band width, in the m ost usual order o f  
im portance, are :

—  the frequency instability o f  the receiver frequency-change oscillators,
—  the inaccuracies in resetting these oscillators to  a desired frequency,
—  the instab ility  o f  the receiver filters,
—  and the instab ility  o f  the frequency o f  received signals ;

(c.) T hat, in order to  achieve the greatest econ om y in  the use o f  the radio spectrum , it is desirable  
to  keep to  a m inim um  the increase o f  pass-band necessitated  by the foregoing causes ;

RECOMMENDS :

1. T hat in cases w here eco n o m ic  considerations prevent the use o f  m ore effective frequency  
stab ilising devices, e .g ., in som e general-purpose com m u nication  receivers and broadcast 
receivers, a tten tion  should , as far as possib le, be given to :

—  the stability  o f  the inductors and capacitors,
—  the stab ility  o f  the oscillator circuit, including the valve and its pow er supply,
—  the use o f  tem perature com pensating  com ponents (e .g ., negative tem perature coefficient 

capacitors),
—  the p rotection  o f  the frequency-controlling com ponents from  the effects o f  hum idity, 

e.g ., by m eans o f  protective coatings ; . ,

2. T hat, in cases where operation  over a frequency band is required w ith a better degree o f
stab ility  than that afforded by the m ethods referred to  in § 1 (e.g., in good  quality com m u nica
tio n  receivers), consideration  m ay be given to  the use o f  variable frequency oscillators co n 
tained  in  constan t tem perature com partm ents, herm etically  sealed to  avoid  frequency  
instab ility  w hich w ou ld  be caused by changes o f  hum idity ;

3. T hat, in cases where operation  over a frequency band with a high degree o f  stability is
required, it  is desirable to  consider frequency-synthesis m ethods (e.g., m ethods whereby the
frequency change oscilla tion  is derived from  the com b in ation  o f tw o frequencies, one being  
a harm onic o f  a quartz-crystal oscillator and the other being a variable frequency (inter
polating) oscillator o f  lim ited  range), noting, how ever, that special care m ay have to  be  
taken  to  avoid  undesired responses in the receiver from  unw anted frequency com ponents  
present w ith  the frequency-change oscillations ;
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4. T hat, in cases where fixed-frequency operation  (w ith its resulting sim plicity) is required  
together w ith  the h ighest degree o f  stability  (i.e. for high-grade com m u n ication  services), 
high-stability  frequency-controlling com ponents such as quartz crystals sh ou ld  be em ployed  
using, if  necessary, the constant-tem perature herm etically-sealed com partm ents referred to  
in  § 2 above ;

5 . That, in  cases where the instab ility  o f  the frequency-change oscilla tor w ou ld  otherw ise be
' such as to  require an appreciable increase in  the w idth  o f  the receiver pass-band, a n  autom atic

frequency-control is desirable ’to  reduce the frequency variation  o f  th e  interm ediate-frequency  
signal to  a sufficiently sm all fraction  o f  the w idth  o f  the pass-band ;

6. T hat, in  cases where a h igh  degree o f  synchron isation  is required (e .g ., system s em ployin g  a 
partially suppressed pilot-carrier), it  is desirable to  use a m ore accurate au tom atic  frequency  
contro l capable o f  correcting the frequency o f  a  loca l oscillator in  the receiver so  that the  
interm ediate-frequency carrier is w ithin a few  cycles per second o f  the frequency o f  another  
oscillator used to  dem odulate the s ig n a l;

7 . T hat consideration  be g iven  to  reducing to  a m inim um  the frequency instab ility  caused by 
changes o f hum idity and tem perature, o f  the receiver filters, by app ly in g  m eth ods sim ilar  
to  those  referred to  in  § 1 and 2 above, and by  the use o f  h igh -stab ility  com ponents such as 
quartz crystal resonators where technical and econ om ic  considerations p e r m it ;

8. T hat, in  order to  reduce to  a m inim um  frequency variations due to  m echanical sh ock  and  
vibration , due atten tion  sh ou ld  be paid  to  the m echanical design o f  the receiver oscillators 
and filters and, in  the case  o f  variable-frequency oscillators, to  the resetting accuracy o f  the  
variable capacitors or inductors and the frequency-range changeover sw itches em ployed .

N ote . —  The A n nex  gives the stability values obtained for  several types o f  receivers in  
certain countries, based o n  data and inform ation given in  L on d on  D o c . N o s .  1 2 2 ,1 3 2 ,1 6 7 , 237, 240  
and 372. T he data were co llected  as part o f  the studies required by Study Program m e N o . 5.

A N N E X
1. General.

In  the fo llow in g  tables an  attem pt has been m ade to  present in a system atic w ay representative  
data for  the frequency-instability  (generally that o f  the frequency-change oscillators) for  the  
various classes o f  receiver. In  order to  facilitate  the use o f  these data, and at the sam e tim e  
to  reduce the am ount o f  data presented, on ly  three figures (called for conven ien ce “m axim u m ” , 
“ m ean ”  and “ m inim um  values ” ) have been given for each characteristic for a num ber, o f  
sim ilar receivers in  each  class. It should  be noted , how ever, that, in  m any cases, because  
o f  the sm all num ber o f  receivers (indicated  in  the “ R em arks ”  co lu m ns o f  the tables), these
figures have n o  precise statistical significance.
O nly lim ited data, and in  som e cases n o  data, are availab le tor certain classes o f  receiver  
(e.g ., telegraphy, frequency m odu lation , sound broadcasting and  te lev ision  receivers). F or  
nearly a ll classes o f  receiver there is a ls o .a  lack  o f  data at frequencies ab ove  30 M c/s  
approxim ately
It is h op ed  that, nevertheless, the incom plete data g iven in  the tab les w ill b e  o f  value to  users
an d  that it w ili be possib le  to  add to  these data in  the future.

2. N o tes on the tables.

Column

(1) (2) R eceivers are tabulated in  term s o f  the class o f  em ission , o f  service and the frequency  
and (3) range respectively, according to  the “ C lassification  Schem e for  R eceivers ” , contained  

in  A nn. 1 o f  R ecom m en d ation  N o . 94.

(4) This colum n indicates that the frequency-change oscilla tors in  the receivers are, or 
are n ot, quartz-crystal controlled .

(5) See Section  1 above.
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T a b l e  1 

Radio Telegraphy Receivers

Class
of

emis
sion

Service
Frequency 

range 
in Mc/s

With
or

without
quartz
crystal
control

Frequency drift 
( x JO-6)

at the following times (minutes) 
after switching on :

Frequency 
variation 

(x lO -6) due to 
supply voltage 
variation o f :

Frequency 
variation 

( x 10"6) due to 
temperature 

variation o f :

Frequency 
variation 
(x lO -6) 
due to 

mechanical 
shock

Remarks

1 10 30 60 120 10% 20% 1° C from — 25° C 
to +55° C

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10)

A1
A2

General-
purpose 1.6-30 without

Max. — 390 160 0 — 53 — — - — 140
Col. (6) : 7 Receivers tested  
Col. (7) : 3 Receivers tested 
Col. (9) : 6 Receivers tested

Mean — 183 81 0 — 33 — — 32

Min. — 87 20 0 — 15 — — — 2.5

A1
A2 Fixed 1.6-30 without

Max. — 33 20 0 8 —  ' — 17 ---- —
Col. (6) : 6 Receivers tested 
Col. (7) : 1 Receivers tested 
Col. (8) : 7 Receivers tested

Mean — 17 9 0 4 <10 — 7 — —

Min. — 3 0 0 1 — ■ — 0 — —

A2 M obile 10 0 -1 0 0 0 without

Max. — — — — 4 —  ■ 1.7 — —

1 Receiver testedMean — — — — 3.3 — 1.1 —

Min. 2.6 — 0.4 —



T abl e  2

Radio Telephony Receivers

Class
of

emis
sion

Service
Frequency 

range 
in Mc/s

With
or

without
quartz
crystal
control

Frequency drift 
( x  10-6)

at the following times (minutes) 
after switching on :

Frequency 
variation 

( x 10-®) due to 
supply voltage 
variation o f :

Frequency 
variation 

(x  10-6) due to 
temperature 

variation o f :

Frequency 
variation 
(x lO -6) 
due to 

mechanical 
shock

Remarks

1 10 30 60 120 ■ 10% 20% r  C from -2 5 °  C 
to +55° C

(2) (3) (4) (5) (6) (7) (8) (9) (10)

A3 Fixed 1.6-30 without

Max. — 33 20 0 8 — — 17 — —
Col. (6) : 6 Receivers tested 
Col. (7) : 1 Receiver tested 
Col. (8) : 7 Receivers tested

Mean — 17 9 0 4 <10 — 7 — —

Min. — 3 0 0 1 — — 0 — — '

A3 General-
purpose 1.6-30 without

Max. 3.90 160 0 — 53 — — — 140
Col. (6) : 7 Receivers tested 
Col. (7) : 3 Receivers tested 
Col. (9) : 6 Receivers tested

Mean . — 183 81 0 — 33 — — — 32

Min. — '87 20 0 — 15 — — — 2.5

A3 General-
purpose 1.6-30 with

Max. — 235 130 0 — . — — 3 — <1
Col. (6) : 3 Receivers tested 
Col. (7) : 1 Receiver tested 
Col. (8) : 2 Receivers tested

Mean • — 124 41 0 — 0.6 — 2 — . <1

Min. — 5 1 0 — — — 1.5 — <1

A3b Fixed 1.6-30 without

Max.
1 Receiver tested 

Frequency variation measur
ed with AFC  off

Mean 28 20 8 0 8 1.5 ' — 5.5 — —

Min.

A3 M obile 100-1000 without

Max. — — — — 4 — 1.7 — —

1 Receiver testedMean — — — — — 3.3 — 1.1 — —

Min. . — — — — — 2.6 — 0.4 — —



T able 3

S o u n d  B roadcasting  R eceivers

Class
of

emis
sion

Service
Frequency 

range 
in Mc/s

With
or

without
quartz
crystal
control

Frequency drift 
( x  10-6)

at the-following times (minutes) 
after switching on :

Frequency 
variation 

( x 10-6) due to 
supply voltage 
variation of :

Frequency 
variation 

(x lO -6) due to 
. temperature 

variation of :

Frequency 
variation 
(x lO -6) 
due to 

mechanical 
shock

Remarks

1 K! 30 60 120 10% 20% 1 °C from —25° C 
to +55° C

(1) (2) . (3) (4) (5) (6) (7) (8) (9) (10)

A3
Sound
broad
cast

0.5-1.6 without.

Max. — 830 400 0 — 510 — — _ 150
Cols. 6 and 7 :

17 Receivers tested 
Col. (9) : 3 Receivers tested

Mean 510 292 278 0 — 125 — — — ' 67

Min. — 120 50 0 — 30 — — — 20

A3
Sound
broad
cast

1.6-30 without

Max. — 770 320 0 — 475 — — 142
Col. (6) : 14 Receivers tested 
Col. (7) : 10 Receivers tested 
Col. (9) : 12 Receivers tested

Mean — 248 125 0 — 110 — — — 35

Min. — . 20 3 0 — 8 ■ — — — 1

A3
Sound
broad
cast

30-100 without

Max.

1 Receiver testedMean — 494 17 0 — 108 — — — —

Min.

F3
Sound
broad
cast

30-100 without •

Max. — 494 33 0 — 107 — — — —

2 Receivers testedMean — 339 25 0 — 107 — — — —

Min. 184 18 0 — 107 — — — —



T able  4

Television  R eceivers

Class
of

emis
sion

Service
Frequency 

range 
in Mc/s

With
or

without
quartz
crystal

Frequency drift 
(x lO -6)

at the following times (minutes) 
after switching on :

Frequency 
variation 

( x 10-6) due to 
supply voltage 
variation o f :

Frequency 
variation 

( x  10-6) due to 
temperature 

variation o f :

Frequency 
variation 
(x  10-6) 
due to 

mechanical 
shock

Remarks

control
1 10 30 60 120 10% 20% 1° C from —25° C 

to +55° C

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10)

A5

F3

Vision j 

Sound j

Max. 600 — — 0 — 1000 — — — -

8 Receivers tested 
* approximate values100-300 without Mean 400 —  . — 0 — 615 — 12* — 350*

Min. 200 — — 0 — 230 — — —
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Column

(6) F requency-drift during the w arm ing-up period is ind icated w ithout regard to  sign  
in  parts in  106, at 1 ,-10 , 30, 60 and 120 m inutes after sw itching on , the value at 
60 m inutes being used as a reference datum .

(7) T he frequency variation  is that due to  an  A .C . m ains supply vo ltage  variation o f  
± 1 0 % , or H .T . and L .T . battery v o ltage  variations o f  ± 2 0 % , according to  the type  
o f  receiver.

(8) T he frequency variation  is that due to  1° C  variation near the norm al am bient 
tem perature, or, in the case o f  certain m obile  service receivers, due to  a variation  
from  - 2 5 °  to  ± 5 5 °  C.

(9) T h e ind icated  frequency variation  resulting from  ligh t m echanical shock , e .g ., due  
to  striking the front o f  the receiver lightly w ith  the hand. In  certain cases, e.g . m obile  
service receivers, m ore com prehensive v ibration  and shock tests are desirable.

(10) T his co lu m n contains in form ation  o n  the num ber o f  receivers used for the determ in
a tio n  o f  the representative values for the frequency drift and variation , including, 
w hen possib le, som e ind ication  on  the spread o f  the data ; inform ation o n  the vibration  
and  sh ock  tests referred to  under C olum n (9) above is also to  be included in  th is  
colum n.

R E C O M M E N D A T IO N  N o . 97 *
\

C H A N N E L  S E P A R A T I O N  

T he C .C .I .R ., (S tockh olm , 1948 —  G eneva, 1951 —  L ond on , 1953)

CONSIDERING :

(a )  T hat the prim ary factors w hich determ ine frequency separation  betw een channels in the m ore  
usual cases include :

—  the signal pow er required by the receiver ;
—  the interference pow er intercepted by the receiver including that from  interfering signals 

and from  no ise  ;

(b )  T hat transm itters in  general em it radiations outside the frequency bandw idth necessarily  
occu p ied  by the em ission  ;

(c )  T hat a large num ber o f  factors are a lso  involved , including th e  properties o f  the transm ission  
m edium , w h ich  are variable in  character and difficult to  determ ine, as w ell as the characteristics 
o f  the receiver and, in  the case o f  aural reception , the discrim inating properties o f  the hum an  
e a r ; .

UNANIMOUSLY RECOMMENDS :

1. T hat the required separation betw een channels be calculated  by the fo llow in g  m ethod  :

—  first finding the signal pow er intercepted by the receiver ;
—  finding the interfering pow er intercepted, including both  noise  and interfering signal, 

and
—  from  these data determ ining the degree o f  frequency separation that produces acceptable  

ratios o f  signal pow er to  the interfering pow er for  an acceptable percentage o f  the tim e  
for  the type o f  com m u nication  desired, taking in to  accou nt the fluctuating nature both  o f  
signal an d  interference and, w henever appropriate, the discrim inating properties o f  the  
hum an e a r ;

* This Recom m endation replaces Recommendations N os. 1 and 43.
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2. T hat at every stage o f  the ca lcu lation , com parison  should  be m ade, as far as possib le, w ith  data  
obtained  under contro lled  representative operating cond itions, especia lly  in connection  
w ith the final figure arrived at for the channel separation ;

3. T hat the study o f  the problem  should  be undertaken in con n ection  w ith  Q uestion  N o .  3 (III)

R E C O M M E N D A T IO N  N o . 98

C H A N N E L  S E P A R A T IO N  A C H IE V E D  IN  P R A C T IC E

(Q u estio n  N o . 3 (III))

The C .C .I.R ., (L on d on , 1953

CONSIDERING !

(a )  T hat it is n o t yet possib le to  give a full answer to  Q uestion  N o . 3 (III) ;

(b )  T hat in the case o f  telegraphy using A1 and F I em issions, a large num ber o f  m achine telegraph  
circuits are operating successfu lly  w ith  nom inal separations o f  2.5 kc/s, particularly in the  
frequency range below  12 M c/s ;

(c )  T hat there is evidence (in  particular D o c . N o . 457 o f  G eneva, 1951) that, w ith  reception  o f  
F I at a speed o f  50 bauds, a separation  o f  abou t 1.5 kc/s is satisfactory w hen the tw o signals 
have the sam e m edian value at the input to  the receiver, and that in certain  cases a separation  
o f  abou t 2 kc/s provides fairly satisfactory operation  w hen the m edian value o f  the w anted  
signal is 6 db below  that o f  the unw anted signal * ;

(cl) T hat, when allow ance is m ade for frequency tolerance, this evidence suggests the possib ility  
o f  a separation o f  abou t 2.5 kc/s betw een em issions under the particular cond itions o f  the 
test ;

(e )  That, w hile due regard m ust be paid  to the frequency tolerances provided for in the R ad io  
R egulations, 1947, A pp. 3, a higher degree o f  frequency stab ility  is possib le  and is actually  
achieved in practice ;

RECOMMENDS :

1. T hat adm inistrations should  : '

1.1 C ollect data relating to  transm itters at present w orking in  adjacent channels, ind icating :

—  the channel separations observed in practice ;
—  the field strengths o f  the signals on  adjacent channels received at the sam e lo ca tion  ;
—  the effect o f  interference due to  signals on  adjacent channels (see Study Program m e

N o . 45 (III) for  the m eth od  o f  expressing the effect o f  interference) ;

1.2 Carry out tests sim ilar to  those described in  D o c . N o . 457 o f  G eneva ;

2. T hat adm inistrations w ho have m ade these tests should  subm it the result to  the D irector  
o f  the C .C .I.R ., as early as possib le.

These tests are related to separate emissions without common control o f the respective frequencies radiated.
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RECOMMENDATION No. 99 *

B A N D W IT H S  A N D  S IG N A L  T O  N O IS E  R A T IO S  IN  C O M P L E T E  S Y S T E M S

(Q uestion  N o . 3 (III))

T he C .C .I.R ., (G eneva, 1951 —  L ondon, 1953)

CONSIDERING :

T hat it is not yet possib le  to  give a fu ll and accurate answer to  Q uestion  N o . 3 (III) but 
that in order that such an answ er m ay be given it is desirable to  classify the im portant points  
w ith w hich  future study w ill have to  deal ;

RECOM M ENDS:

1. T hat in the m eanw hile the values given in the table in A nn. I should  be adop ted  as provisional 
values for the signal-to-noise  ratio required for the types o f  service concerned ;

2. T hat in  the further study relating to  the m inim um  separation  betw een frequencies o f  stations  
operating on adjacent channels, the factors detailed in A nn. II should  be taken into  
consideration .

A N N E X  I

N o te  1. —  M easured as the ratio o f  R M S signal corresponding to  peak output o f  the trans
m itter and R M S  noise  in a 6 kc/s band, assum ing stab le conditions.

N o te  2, —  Carrier keyed. B eat frequency oscillator used.

N o te  3. —  F or A 3 te leph ony the figures in this co lu m n represent the ratio o f  the audio
signal as m easured on  a standard V U -m eter to  R M S  noise  for a bandw idth o f  3 kc/s. (The
corresponding peak signal pow er, i.e ., w hen the transm itter is 100% tone-m odulated , is assum ed  
to  be 6 db higher.)

N ote  4. — F or 90%  intellig ib ility  o f  unrelated words.

N o te  5. —  W hen connected  to  public service netw ork.

N o te  6. —  T hese values are based on W ashington D o c . N o . 138, G eneva D o c . N o . 112
and T he H ague D o c . N o . 11.

* This Reconmendation replaces Recommendation N o. 44.
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S ig n a l -t o -n o is e  r a t io s  r e q u ir e d

(Stable conditions) 
(N ote 6)

Type of Service
Receiver
Audio

bandwidth
kc/s

Audio S/N 
db

Receiver
bandwidth

kc/s

Ratio of 
Peak R.F. 

Signal/Noise 
in kc/s band 

(Note 1) 
db

A l  Telegraphy
8 baud low g r a d e .............................................. 1.5 - 4 3 - 7

24 baud ..................................................................... 1.5 11 3 8
120 baud reco rd er .................................................. 0.6 10 0.6 0
50 baud p r i n t e r .................................................. 0.25 16 0.25 2

A2 Telegraphy
8 baud low g r a d e .............................................. 1.5 - 4 3 -3  (N ote 2)

24 baud ................................................... 1.5 11 3 12 (N ote 2)

FI Frequency shift Telegraphy
120 baud recorder .............................................. 0.25 4 1.5 2
50 baud p r in te r .................................................. 0.10 10 1.5 - 2

Facsimile A 4 ....................... .... ............................... .... 3 35 6 41

H e lls c h r e ib e r ....................... ....  ................................. 1.5 10 3 13

A3 Telephony (N ote 3)
D ouble Sideband, just usable quality, operator

to o p e r a t o r .....................................(N ote 4) 3 6 6 18
D ouble Sideband, marginally commercial

(N ote 5) 3 15 ’ 6 27
D ouble Sideband, good commercial quality

(N ote 5) 3 33 6 35*
SSB 1 c h a n n e l......................................... 3 33 3 26*

2 c h a n n e l s .................................................. 3 33 3** 28*
3 c h a n n e l s ....................... ........................... 3 33 3** 29*
4 c h a n n e l s .................................................. 3 33 3** 30*

B r o a d c a s t in g ................................................................ 5 33 10 47

* Assuming 10 db improvement due to the use of noise reducers. 
** Per channel.

A N NEX  II

F a c t o r s  t o  b e  t a k e n  i n t o  a c c o u n t  f o r  v a r i o u s  s e r v ic e s  i n  d e t e r m i n i n g  t h e  m i n i m u m

SEPARATION BETWEEN FREQUENCIES OF STATIONS OPERATING ON ADJACENT CHANNELS

1. Required signal-to-interference ratios.

2. Necessary bandwidth for required intelligence.

3. Transmitters :
(a) Out of band radiations.
(b) Frequency instability.
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4. P ropagation :

Allowances for fluctuations due to absorption and fading.

5. Receivers ;

, (a) Necessary bandwidth.
(b) A ttenuation slope.
(c) Frequency instability.

6. Effect o f :

(a)  Inequalities of received field strength on desired and adjacent channels.
(b) Antenna directivity a t transm itter and receiver.

R E C O M M E N D A T IO N  N o . 100 

R E D U C T IO N  O F O C C U PIE D  B A N D W ID T H  
A N D  T R A N SM IT T E R  PO W E R  IN  R A D IO T E L E P H O N Y  

(Q uestion N o . 3 (III))

The C.C.I.R., (London, 1953)

CONSIDERING :

(a)  The urgent need for improved utilization of the radio spectrum, particularly in the range 
below 30 Mc/s ;

(b) T hat a very great improvement in the utilization of the spectrum will arise from  the replace
ment of double sideband by single sideband technique (see Recom mendation No. 40, 
§ 2.1 and 2.2) ;

.(c) Further, that improvements can be obtained by the use of noise reducers and devices enabling 
the average percentage of m odulation to  be maintained a t a  high level, e.g. peak clipping 
devices (see Recom mendation No. 44 *) ;

RECOMMENDS :

1. That Administrations should, whenever possible, make use of single sideband systems in 
preference to  double sideband systems ** ;

2. That noise reducers should be employed a t the receiving term inal o f all circuits where an 
improvement in signal to  noise ratio is to be obtained *** ;

3. That devices should be employed a t the transm itting terminal of all circuits to enable the 
average percentage of m odulation to  be maintained a t a high level (for example, peak clipping 
devices). W ith the use of these devices adequate precautions m ust be taken to  prevent 
radiation outside the necessary bandwidth (for example, by the use of an adequate low-pass 
filter after the device) ****.

* This Recommendation has become Recommendation No. 99.
** Improvement of signal to noise ratio or a reduction in pover o f at least 9 db is obtained by the use o f single sideband 

systems instead o f double sideband systems.
*** The improvement which may be obtained in practice by the use o f a noise reducer is dependent upon the signal to 

noise ratio a t the input to the noise reducer (for example, an improvement o f the order o f 10 db may be obtained on radiotelephone 
circuits o f good commercial quality);

**** The improvement which may be obtained in practice is dependent upon the original average percentage modulation of 
the transmitter. Improvement up to 6 db may be obtained in practice.



R E C O M M E N D A T IO N  N o. 101

B A N D W ID T H  R E Q U IR E D  A T A T E L E G R A P H  O R  T E L E P H O N E  
R E C E IV E R  O U T P U T

(Q u e s t io n  N o .  3 (II I ))

T he C .C .I.R ., (L ond on , 1953)

CONSIDERING :

(a )  T he urgent need to  determ ine the m inim um  separation betw een frequency assignm ents o f  
stations operating on  adjacent channels, in the range 10 kc/s to  30 000 kc/s ;

(b )  T hat the w idth o f  the frequency band w hich is necessary at the output o f  the receiver is one  
o f  the factors w hich determ ine the band o f  frequencies required for  the overall system  ;

(c )  T hat, in the case o f  telegraphy the perm issible degree o f  d istortion  is n o t yet defined ;

(d )  T hat, in the case o f  telephony the bandw idth m ay depend am ong other factors u p on  the type  
o f  privacy equipm ent in use ;

RECOMMENDS !

1. T hat in  the case o f  telegraphy a provisional value for  the bandw idth necessary at the output 
o f  the receiver, under average practical cond ition s, should  be as fo llo w s :

1.1 F or A1 em issions, the bandw idth in cycles per second, after the final detector stage, should  
be equal to 2.5 tim es the signalling speed in  bauds ;

1.2 F or F I em issions, the bandw idth in cycles per second  after the discrim inator sh ou ld  be equal 
to  1.4 tim es the signalling, speed in bauds.

The extent to which these values can be applied  to perm it closer spacing o f  adjacent 
channels, depends up on  the degree and speed o f  am plitude variations due to  fad ing and  upon  
the differential fading o f  the m ark and space frequencies.

2. T hat, in the case o f  telephony, as a com prom ise betw een intellig ib ility  and  econ om y o f  
bandw idth, the bandw idth necessary for each  speech channel at the ou tp ut o f  the receiver  
should  be as fo llow s :

2.1 In  accordance w ith R ecom m endation  N o . 40  the upper lim it frequency sh ou ld  be reduced  
to  3000 c /s or less but not low er than 2600 c/s.

2.2 F or system s em ploying privacy equipm ent the necessary bandw idth for satisfactory service  
m ay require the use o f  an upper lim it frequency greater than 2600 c /s (e.g. in five-band privacy 
equipm ent the necessary bandw idth is 2750 c /s , the upper lim it being 3000 c/s).

R E C O M M E N D A T IO N  N o . 102*

D IR E C T IV IT Y  O F  A N T E N N A E  A T G R E A T  D IS T A N C E S

T he C .C .L R ., (G eneva, 1951 —  L on d on , 1953)

CONSIDERING :

(a )  T hat the study o f  the directivity o f  antennae at great distances concerns chiefly  radio com 
m unication  on frequencies betw een 3000 and 30 000 kc/s ;

* This Recommendation replaces Recommendation N o. 46.
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(b )  T hat in certain cases the ph enom ena o f  ionospheric propagation  m ay be such as to  m odify  
appreciably both  the theoretical directivity diagram  and the practical diagram  drawn up for 
m easurem ents at short distances ;

(c )  T hat it  w ou ld  be very usefu l for  operators to  have the m ost accurate idea possib le  o f  the  
directional discrim ination  that can  be expected o f  the antennae they are using ;

RECOM M ENDS:

1. T hat a ll A dm in istrations in  a p osition  to  do so  sh ould  undertake system atic m easurem ents 
on frequencies that can  be used for long  distance circuits ;

2. T hat the m eth od  used for the study o f  § (c )  cou ld  be either the statistical m eth od  described  
in D o c . N o . 23 o f  G eneva (see also  D o c . N o . 206 o f  L ond on) or any other appropriate  
m ethod ;

3. T hat m em bers o f  the C .C .I.R . w ho are able to  provide either transm itting or receiving  
insta llations w h ich  cou ld  take part in the program m e o f  studies proposed  above should  
com m unicate fu ll details o f  their installations to  the D irector o f  the C .C .I.R . as so o n  as 
possib le, so  that the latter m ay send them  on to  such  other m em bers o f  the C .C .I.R . as 
express a .wish to  receive them .

R E C O M M E N D A T I O N 'N o .  103

U S E  O F  D IR E C T IO N A L  A N T E N N A E

(Q u e s t io n  N o .  3 (I I I )  —  S tu d y  P r o g r a m m e  N o .  8 *)

T he C .C .I.R ., (L ondon, 1953)

CONSIDERING :

(a )  T he urgent n e e d . to  determ ine the m inim um  separation betw een frequencies o f  stations 
operating o n  adjacent channels, below  30 M c/s ;

(b )  T hat the im provem ent in  the signal to  n o ise  ratio and  signal to  interference ratio to  be 
obtained  by the use o f  d irectional receiving antennae is an  im portant m eans o f  reducing the  
necessary channel sp acing  to  a m inim um  ;

(c )  T hat the use  o f  d irectional transm itting antennae considerably reduces the level o f  interference  
by ' .

—  providing at the receiver the necessary field strength w ith  reduced transm itted pow er  
and

—  by reducing the field strength received at stations situated outside the principal lob e  o f  the  
transm itting antennae ;

(d )  T hat, in  add ition , the use o f  a  d irectional antenna can contribute an  im provem ent by reducing  
echo and m ultipath  effects ;

* This Study Programme has becom e Study Programme N o. 45 (III).
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( f )  T hat, despite the n on -hom ogeneous nature o f  the transm ission  m edium , it  is possib le to  em p loy  
transm itting and receiving antennae w ith appreciab ly greater directivity than that o f  antennae  
in  general use ;

(g )  T hat it  is n o t yet possib le  to  give fu ll and precise answ ers to  the questions posed  in  Study  
Program m e N o . 8 *, § 1.1.9 and 1.2.9 ;

RECOMMENDS :

1. T hat, m eanw hile, the values g iven in the A nnex, based  on  characteristics for rhom bic antennae  
in  general use, sh ou ld  be adopted  as provisional values for  the gain  and  discrim ination  w hich  
m ight reasonably be expected  from  the use o f  directional antennae for p o in t to  po in t services ; 
although , in  certain cases, better results can  be ob ta ined  by suitable adjustm ent o f  the polar  
diagram  and w ith  different types o f  antennae ;

2. T hat adm inistrations should, to  the m axim um  exten t practicable, m ake use o f  d irectional 
antennae having h igh  gain and discrim ination ;

3. T hat a study should  be m ade to  specify the m in im um  gain  and discrim ination o f  the antennae  
that sh ou ld  be provided in the various frequency bands.

A N N E X

C h a r a c t e r is t ic s  w h i c h  m ig h t  r e a s o n a b l y  b e  e x p e c t e d  f o r  a n t e n n a e  a t  p r e s e n t  in  u se
FOR POINT TO POINT CIRCUITS

(See N ote  1)

Frequency range

Gain relative to optimum gain for half wave 
horizontal dipole at the same height Azimuthal- range

In the correct 
azimuthal direction 

db (Note 2)

Outside the 
azimuthal range 

db (Note 3)
Degrees

About 5 M c / s ............................ 6 0 ±  25
About 10 M c / s ............................ 10 0 ±  15
15 to 30 M c/s . . . . . .  . . . 15 3 ±  10

N o te  1. —  V alues are g iven as a provisional guide to  the characteristics w h ich m ight 
reasonably be expected  for rhom bic antennae. T hey are based o n  tw o  antennae covering together  
the w h ole  frequency range indicated .

N o te  2. —  T hese values refer to the gain  for th e  correct azim uthal direction and  fo r  the  
appropriate vertical angle o f  propagation. T he im provem ent in  signal-to-noise  ratio equivalen t 
to  these values m ay n o t alw ays be achieved in  practice for  the receiving antennae if  these  
antennae are directed tow ards the source o f  interference or  noise.

N o te  3. —  Subsidiary lobes m ay cause the actual values to  be higher in  certain d irections.

* This Study Programme has become Study Programme N o . 45 (III).
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S IG N A L -T O -IN T E R F E jR E N C E  P R O T E C T IO N

(Q u estio n  N o . 3 (III)  —  S tudy  P ro g ram m e N o . 8 *)

T he C .C .I.R ., (L ondon, 1953)
I

CONSIDERING :

(a )  T hat n o  d ocum entation  is availab le w h ich  cou ld  provide reliable data o n  the tolerable  
signal-to-interference ratio for  various types o f  service, w hen  the interfering signal lies 
w ithin the bandw idth  occu pied  by the w anted signal (Study Program m e N o . 8*, § 2 .1 .3) ;

(b )  T hat there is an  urgent need  for  these figures ;

( c) T hat Study Program m e N o . 8 *, § 2.2, indicates som e o f  the factors to  be taken in to  account 
w hen expressing the effect o f  the interference ;

(d )  T hat, how ever, the L o n d on  D o c . No.. 236, relating to  Study Program m es N o s . 6 * and 7 *, 
gives som e results w h ich  can  be used as a provisional guide w hen A 1 and F I  em issions are 
subject to  interference by an  A 1 em ission  ;

RECOMMENDS :

1. T hat adm inistrations, in  carrying out tests in connection  w ith  Study P rogram m es N o s . 6 * 
and 7 * regarding the separation  o f  channels, should  take in to  account the need  for  inform 
ation  as to  tolerable interference levels w hen  the interfering signal lies w ith in  the band  
occupied  by the signal (see L on d on  D o c . N o . 236) ;

2. ‘T hat adm inistrations sh ou ld  subm it the results o f  these tests to  the D irector o f  the C .C .I.R . 
as so o n  as possib le  ;

3 . T hat, as a  prov isiona l guide, the figures m entioned in  the table be accepted, under the special 
cond itions o f  the test, for  the signal-to-interference protection  ratio w h en  the interfering  
signal lies w ith in  the bandw idth occupied  by the w anted signal. T hese figures can  be used  
in  conjunction  w ith  the fad ing allow ances in  the A n nex  to  R ecom m end ation  N o . 105.

RECOMMENDATION No. 104

Table

W anted signal Interfering signal Protection radio db

A1 (50 baud p r in te r ) ...................
FI (50 baud printer) . . . . .

A1 (50 baud) 
A1 (50 baud)

10'
2

* Study Programmes N os. 6, 7 and 8 have become respectively Study Programmes N os. 42 (III), 43 (III) and 45 (III).



RECOMMENDATION No. 105 *

F A D IN G  A L L O W A N C E S  F O R  T H E  V A R IO U S  C L A S S E S  
O F  S E R V IC E

(Q u estio n  N o . 3 (III)  — S tudy  P ro g ram m e N o . 8 **)

s
T he C .C .I.R ., (G eneva, 1951 —  L on d on , 1953)

CONSIDERING 1

(a )  T hat A n nex  I to  R ecom m end ation  N o . 99 is  a p rovisional partial reply to  Q uestion  
N o . 3 (III) for stable conditions ;

( b )  T hat there is a need for figures w hich take fad ing and field intensity fluctuation in to  account ;

(c )  T hat it is n o t yet possib le to give a full answer to  Study Program m e N o . 8 ** ;

(d )  T hat, how ever, the docum ents received relative to  Q uestion  N o . 52 and Study Program m e  
N o . 24 give som e results from  w hich can be derived provisional data on fad ing a llow ances ;

RECOMMENDS :

1. T hat the studies in  connection  w ith  R ecom m end ation  N o . 99 and Study Program m e N o . 45 
(III) should  be continued  in conjunction  w ith  th ose  o f  Study Program m e N o . 66 (VI), for  
the purpose o f  determ ining whether the provisional values g iven in  the A nnex m ay be accepted  
or should  be m odified  ;

2. T hat, m eanw hile, the values given in the A n n ex  m ay be regarded as provisional to ta l fading  
allow ances (com bined fading safety factors and in tensity  fluctuation  factors) ;

3. T hat, m eanw hile, these values m ay be used  as a  guide in  conjunction  w ith the values for  
signal-to-noise  ratios required for stab le cond ition s g iven  in  R ecom m end ation  N o . 99, 
A n n. I, to  estim ate m onth ly  m edian values o f  hourly m edian field intensity necessary for the  
various types and grades o f  service ; sim ilarly, the fad ing a llow ances m ay be added  to  signal- 
to-interference ratios (for stable conditions) appropriate to  the various services ;

A N N E X

N o te  1. —  The allow ance for day-to-day fluctuation  (in tensity  fluctuation factor) for  the  
signal, against steady noise , is 10 db, estim ated to  give protection  for 90%  o f  the days. T he  
intensity fluctuation  o f  atm ospheric noise  is also  taken to  be 10 db for 90 % o f  the days. A ssum in g  
there is n o  correlation betw een the intensity fluctuations o f  n o ise  and signal (the w orst con d ition  
likely to  exist), a go o d  estim ate o f  the com bined  signal and  n o ise  factor is :

. \ j  102 _|_ 102 =  14 db

* This Recommendation replaces Recommendation No. 68.
** This Study Programme has become Study Programme N o. 45 (III).
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P r o v is io n a l  t o t a l  f a d in g  a l l o w a n c e s  *

For Protection of a Fading Signal Against :

Type o f Service **

Atmospheric Noise 
Subject to Day-to-Day 
Intensity Fluctuation

(Subtract 4 db for 
protection against 

steady noise or steady 
interfering signal) 

(See Note 1)

Interfering Signal 
Subject to Fading 
and Day-to-Day 

Intensity Fluctuation 
(See Note 2)

db Relative to Ratios of Monthly Median 
Values of Hourly Median Field Strength

A1 Telegraphy
8 baud, low g r a d e .......................

24 baud ..............................................
120 baud recorder . . . . . . .
50 baud p r in te r ................................

. . . (N ote 3) 

. . .  (N ote 4)

|  (Notes 5, 6)

21
25

32

17 . 
20
27

A2 Telegraphy

8 baud, low g r a d e .......................
24 baud ..............................................

. . (Notes 3, 7) 
, (Notes 4, 7)

17
20

13
17

FI Telegraphy y

120 baud r e c o r d e r ............................
50 baud p r in te r ................................ 1 j (Notes 5, 6) 32 27

F a c s im i l e ................................................... (N ote 8) — —

H ellschreiber .......................................... . . . (Note 9) 23 20 - •

A3 Telephony
DSB just usable quality, operator to operator

(N ote 10)
DSB marginally co m m ercia l....................... (N ote 11)
DSB good commercial quality . . . . .  (N ote 12) 
SSB 1 c h a n n e l.............................................. j

I S : : : : : : : : : : :  <N ° te
4 c h a n n e l ................................ ....  . . j

17
19
21

21

11
14
17

17

Broadcasting . ......................................................... . . . . ' 21 17 •

* Combined fading safety factor and intensity fluctuation allowances.
** From Annex I, Recommendation No. 99.
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T his figure has been added to  the fading safety factor applied to  each  type o f  service to  obtain  
the com bined  fading a llow ance in  colum n 1. Subtraction  o f  4  db reduces the intensity  fluctuation  
allow ance to  10 db, w h ich  is the value for  the signal a lone  ; the n et a llow ance w ou ld  then be  
appropriate to  protection  o f  a  fading signal against steady (non-fluctuating) n o ise  or steady  
(non-fading or fluctuating) interfering signal..

N o te  2. —  T he probability  d istribution o f  the ratio o f  tw o signals fading independently
has been  used  as given by L o n d o n  D o c . N o . 443 : com bined  intensity fluctuation  a llow ance for  tw o
signals, taken as 7 db, w h ich  represents a  com prom ise betw een the 0  db a llow ance appropriate  
in  the case  o f  perfectly correlated intensity fluctuations o f  the tw o signals, and the 14 db allow ance  
appropriate (see N o te  1) for  uncorrelated intensity fluctuations o f  the tw o signals.

General N ote . —  In calculating fading safety factor for rapid or short period  fading, lo g 
norm al am plitude-distribution o f  the received fad ing  signal (using .7 db for  the ratio o f  m edian  
level to  level exceeded for 10%  or 90%  o f  the tim e) have been used, except in the case o f  h igh 
speed autom atic  telegraphy services, where protection  has been calculated o n  the basis o f  R ayleigh  
distribution . T he fo llow in g  notes refer to  protection  against rapid or short-period fading :

N o te  3. —  F or protection  90%  o f  the tim e.

N o te  4. —  F or protection  98%  o f  the tim e.

N o te  5. —  F or protection  99.99%  o f  the tim e.

N o te  6. —  M inim um  o f  2-elem ent diversity assum ed.

N o te  7. —  T otal sideband pow er com bined w ith  keyed carrier assum ed to  g ive partial 
(tw o-elem ent) diversity effect. 4  db a llow ed  for the case o f  90%  protection  (8 baud) and 6 db  
a llow ed  for the case o f  98 % protection .

N o te  8. —  A  figure, even  provisional, for  percentage protection , requires further study in  
conjunction  w ith a review  o f  the corresponding signal-to-noise ratio g iven  in A n n. 1 o f  R eco m 
m endation  N o . 44 *.

N o te  9. —  B ased o n  95 % protection.

N o te  10v —  B ased on  7 0 % 'protection.

N o te  11. —  B ased o n  80%  protection. '

N o te  12. —  B ased o n  90%  protection .

R E C O M M E N D A T IO N  N o . 106

V O IC E  F R E Q U E N C Y  T E L E G R A P H Y  O N  R A D IO  C IR C U IT S

(Q u estio n  N o . 3 (III))

T he C .C .I.R ., (L ond on , 1953)

CONSIDERING :

(a )  T hat diversity reception on  radiotelegraphy circuits is n o t general practice ;

(b )  T hat, in  the case w here vo ice  frequency equipm ent is used  o n  radio circuits at frequencies  
low er than abou t 30 M c/s, the quality o f  these circuits w ill in  general be insufficient w hen  
n o  m eans o f  diversity reception is provided ;

* This Recommendation has becom e Recommendation N o . 99.
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(c )  That, in the presence o f  fading, space diversity or frequency diversity give com parable  
im provem ent to  the quality o f  reception o f  telegraph signals transm itted o n  radio channels ;

(d )  T hat for adequate frequency diversity it appears necessary that the frequencies w hich are 
used in  com bination  to  ob ta in  th is diversity should  differ by at least 400 c /s ;

(e )  T hat space diversity needs on ly  h a lf the bandw idth and less pow er for each telegraph channel 
w hen com pared to  the case o f  frequency diversity but, in general, requires m ore e q u ip m e n t;

UNANIMOUSLY RECOMMENDS :

1. T hat, w hen  vo ice  frequency telegraphy system s are used o n  radio circuits at frequencies  
low er than abou t 30 M c/s, diversity reception  sh ou ld  be used o n  the ind ividual vo ice  frequency  
channels ;

2. T hat, w henever practicable, space diversity should  be used  in  preference to  frequency  
diversity ;

3. T hat, in  the case o f  frequency diversity, the channel frequencies used in  com bination  should  
have a separation o f  at least 400 c /s so that adequate diversity effects m ay be obtained.

R E C O M M E N D A T I O N  N o .  107

C O M M U N IC A T IO N  T H E O R Y

(Q u e s t io n  N o .  4 4  (II I ))

T he C .C .I.R ., , ' (L ond on , 1953)

CONSIDERING :

(a )  T hat the study o f  b o th  the practical and theoretical aspects o f  com m u nication  theory is o f  
interest to  the I .T .U . ;

(b )  T hat the b ib liography and  docum entation  on th is subject published by the Secretariat o f  the 
C .C .I.R . are useful for  th is study ;

UNANIMOUSLY RECOMMENDS I

1. T hat the C .C .I.R . sh ou ld  continue the study o f  the general question  o f  com m unication  
theory ;

2. T hat it  is very desirable th at the U .R .S .I . should  participate in the w ork, particularly on  
theoretical questions, and in form  the C .C .L R . o f  the results obtained, in order that they  
m ay be taken  in to  accou n t from  the po in t o f  v iew  o f  their practical application .

R E C O M M E N D A T I O N  N o .  108

P R E S E N T A T IO N  O F  A N T E N N A  R A D IA T IO N  D A TA

(Q u e s t io n  N o .  4 9 )

T he C .C .I.R ., (L ond on, 1953)

CONSIDERING :

(a )  T hat the aim s pursued by the I .T .U . require a know ledge o f  the radiation in  a ll d irections o f  
the antennae used in international rad iocom m unication  ;



— 136 —

(b )  T hat antenna radiation is w ell represented by diagram s show ing the field strength or the  
pow er radiated in  every direction o f  space ;

(c )  That, alternatively, the antenna radiation  can be represented by the specific cym om otive  
force F  m easured in  volts and defined as the product E .d  o f  the electric field E, radiated by 
the antenna in the direction under consideration  and m easured at a  d istance d * from  its 
centre, and the distance d * itself, the pow er radiated by the antenna being 1 kW  ;

(d )  T hat the radiated pow er and the cym om otive  force are related by the equation

F2 =  377 W

where F  is expressed in  V olts and W  is expressed in  W atts per unit so lid  angle ;

(e )  T hat the use o f  the concept o f  c .m .f. facilitates the assessm ent o f  the inverse d istance field
Ffrom  the form ula E =  —  together w ith propagation  curves giving the attenuation  add itional 
d

to  the inverse distance loss. This perm its the calcu lation  o f  the field under practical con d ition s ; 

RECOMMENDS :

1. T hat, in  diagram s o f  antenna radiation , contours representing the radiation  in  all d irections 
m ay usefully be labelled in term s o f  specific c .m .f. as w ell as in  term s o f  relative radiated  
pow er or field strength, at least for frequencies below  30 M c/s ;

2. T hat it w ou ld  be useful to  add to  ground w ave propagation  curves the curve corresponding  
to  a  perfectly conducting ground and a flat earth so  that the attenuation  due to  earth curvature  
and losses due to  the im perfect transm ission m edium  m ay be determ ined ;

3. T hat the possib ility  o f  using the concept o f  c .m .f. at frequencies greater than 30 M c/s should  
be studied  ** ;

4. T hat the D irector o f  the C .C .I.R ., w hen antenna diagram s are being draw n should  take  
accou nt o f  the above considerations.

R E C O M M E N D A T IO N  N o . 109 ***

G R O U N D -W A V E  P R O P A G A T IO N  O V E R  M IX E D  P A T H S

(Q u e stio n  N o . 6 (IV ))

T he C .C .I.R ., (G eneva, 1951 —  L on d on , 1953)

CONSIDERING :

(a )  T hat the calcu lation  o f  ground-w ave field strengths and phases for  propagation  over m ixed  
paths such as part land and part sea is a m atter o f  great im portance in determ ining the service  
areas o f  radio transm itters and in  the use o f  m edium  and low  frequencies for navigational 
aids ;

(b )  T hat the calculations based on  a rigid m athem atical analysis are laborious, even  in the case  
o f  a single boundary and a flat earth ;

(c )  T hat, in  m any cases, the changes in  the electrical constants o f  the ground w ith  d istance are 
gradual, ill defined or im perfectly kn ow n ;

* Distance d must be such that the field varies according to the inverse distance.
** In particular, in view of the practical use o f curves such as those proposed in Resolution No. 11.

*** This Recommendation replaces Recommendation No. 51.
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(d )  T hat m ethods such as those described in the U n ited  K in gd om  docum ent (Proc. I.E .E ., 
Part III, 96, 1944, p. 53) and in  the N etherlands D o c . N o s . 243 and  348 (L ondon) are found  
to  give go o d  agreem ent w ith  experim ental results ;

(e )  T hat these m ethods are partly based on sou nd theoretical argum ent and m ake use o f  existing  
curves for  propagation  over a hom ogen eou s earth ;

I
RECOMMENDS

1. T hat such m ethods sh ould  be provisionally  adopted  for the calcu lation  o f  ground-w ave  
field strengths and phases w here the propagation  is over a path  consisting o f  w ell defined  
section s o f  differing electrical constants, especially  where the changes o f  am plitude and phase  
o f  the field w ith  d istance are required in  d e t a i l ;

2. T hat where the changes o f  the electrical constants w ith distance are sm all or gradual and  
detailed variations in field strength and phase a long  the path  are n o t required, a  m eth od  based  
on  a sim ple equivalent electrical constan t o f  the k ind described in  L on d on  D o c . N o s . 140 (Japan) 
and 246 (Y ugoslavia) m ay be adequate and preferable on account o f  its relative sim plicity.

R E C O M M E N D A T IO N  N o . 110

P R E S E N T A T IO N  O F  D A TA  IN  S T U D IE S  O F  T R O P O S P H E R IC  
W A V E P R O P A G A T IO N

(S tu d y  P ro g ram m es N os. 17 * an d  18 *)

T he C .C .I.R ., (L ond on , 1953)

CONSIDERING :

(a )  T hat there is an  urgent need  for guidance to  be given to  engineers in the p lanning o f  broad
casting, te levision  and fixed lin k  services in  the frequency band 30-4000 M c/s ;

(b )  T hat it  is im portant to  determ ine h o w  the field strength in this frequency band depends o n  
m eteorolog ica l cond itions and up on  the nature o f  the terrain at loca tion s both  w ithin  and  
beyond the horizon  ;

(c )  T hat to  facilitate the com parison  o f  results, it is desirable that adm inistrations and  operating  
agencies sh ou ld  present field  strength data in a uniform  m anner ;

UNANIMOUSLY RECOMMENDS .'

1. T hat field strength exceeded for  0.1 %, 1 %, 10% , 50% , 90% , 99%  and 99.9%  o f  the overall
tim e should, w henever possib le , be determ ined for all locations at w hich m easurem ents are
m ade ;

2. T hat in the case o f  broadcasting and television  the m edian values o f  field strength exceeded  
at 10% , 50%  and 90%  o f  the loca tion s should  be determ ined ;

* These Study Programmes have become respectively Study Programmes N os. 55 (V) and 56 (V)



— 138 —

3. T hat the statistical results o f  field strength m easurem ents should  be disp layed o n  probability  
paper. T he field strength should  be p lo tted  a lon g  the ordinate and expressed in  decibels  
relative to  1 m icrovolt per m etre, the values o f  field strength increasing, m oving  up  the  
ordinate. T he percentage o f  to ta l valid  recording tim e, or percentage o f  loca tion s should  
be p lotted  a lon g  the abscissa, w ith  a scale fo llo w in g  the G aussian probability  law , percentages 
increasing from  left to  right. A n  exam ple o f  a log-norm al distribution p lotted  on  probability  
paper is given  in  A nn. I I ;

4. T hat a ll m easured values o f  field strength sh ou ld  be norm alized  to  correspond to  th ose  that
w ou ld  be obta ined  w ith  a vertical half-w ave d ipole, or w ith a sim ilar horizonta l d ip ole  p laced
broadside to  the direction o f  the receiving po in t, the d ipole  in  each case being at least several 
w ave-lengths above  the ground and radiating 1 k W ;

5. T hat in  the case o f  broadcasting and television , and w henever possib le, a ll m easurem ents
sh ou ld  be referred to  a receiving aerial 10 m etres above the ground and th is aerial should
n o t be h igh ly  directive in the vertical plane ;

6. T hat A n n . I should  be used as a  guide by th ose  w orking in  this field.

A N N E X E  I

It should  be noted  that the recom m endations given  ab ove  refer particularly to  the propagation  
o f  w aves to  lo n g  distances (especially in connection  w ith  interference problem s in  sou nd  and  
television  broadcasting) and also  to  propagation  characteristics w ithin the service areas o f  sou nd  
and television  broadcasting stations. W hile in  these cases the first interest lies in  ascertaining  
those values o f  field strength exceeded for various percentages o f  the overall tim e at varying  
distances, for  a m ore detailed analysis it m ight, how ever, be usefu l to  analyse m easurem ents 
w ithin  un it periods o f  1 hour. This latter procedure w ou ld  perm it studies to  be m ade o f  diurnal 
variations, w h ile  seasonal variations cou ld  sim ilarly convenien tly  be studied by grouping the values 
obtained  a t specified hours o f  the day for a w hole m on th  and exam ining the change o f  field strength  
distributions from  m on th  to  m onth . P resentation o f  the results in  th is form  w ou ld , m oreover, 
perm it later correlation o f  radio m easurem ents w ith  m eteorolog ica l data.

F or  [the study o f  propagation  over fixed optica l lin ks, in  the V H F  (m etric), U H F  (decim etric) 
or S H F  (centim etric) bands, a  m ore precise correlation  betw een received field strength and  prevailing  
atm ospheric cond itions m ight be required. F or th is and other reasons it is considered  that results 
sh ou ld  be capable o f  being presented separately for  each  hour o f  the day o f  each  m onth  during  
w hich tests are being conducted. A t the sam e tim e, overall distribution  curves for  periods o f  one  
m onth  w ill be required to  perm it a  study o f  seasonal variations ; overall distribution curves for  
even  longer periods w ill a lso , n o  doubt, be required by the p lanning engineer. It is generally  
convenien t to  refer results to  the free space value for the d istance and  other con d ition s concerned.

A lthou gh  it w ill usually  be necessary to  preserve, for  reference, the original charts up on  
w hich the field strength variations are recorded, it  is essentia l that som e m uch sim pler and m ore  
convenien tly  accessib le m eans o f  disp laying the essentia l data be em ployed . O ne m eth od  is  
to  p lo t the m axim um , m edian and m inim um  field strengths for  each  hour o n  linear graph paper, 
the spread o f  results w ith in  the hour being show n by a vertical line. In add ition , by  determ ining  
the hourly  m edian value or value over som e other percentage o f  the tim e, it is possib le  to  ob ta in  
for  any given  hour o f  the day, the statistical d istribution o f  these values for a m on th  (or any other  
desired period o f  tim e).

It is evident that m uch further data relating to  m icro-w ave links is required, and is likely  to  
becom e availab le in  the relatively near future ; apart, how ever, from  the foregoing  general rem arks, 
it is considered undesirable to  lay dow n precise m ethods o f  presentation o f  data in  a field w h ich  
is rapidly grow ing, both  in  im portance and in  investigation  techniques.
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A N N E X  II

T he G aussian  probab ility  scale is defined by

P (x ) =
 -  ?22 * d l

F or abscissae x  — 0, x — oo and x —>  — , the corresponding values o f  the probability  P  (x)
are 50% , 0%  and 100% .

A n  am plitude G aussian  distribution  for a field strength F  m easured in  db (log-norm al 
distribution) is given by  :

P (F ) is the probab ility  (percentage o f  tim e or locations) that the field strength E  expressed  
in db above  1 (xV/m (F  — 20  lo g  E) w ill exceed the level F . F m  is the m edian value o f  F ,
i.e. that w h ich  is exceeded  for  50%  o f  the tim e or locations, a is the standard deviation , so  that 
P (Fm - a )  ~  84%  and P (F m +  a )  ~  16%.

It is often  o f  interest to  k n ow  the field strength exceeded for 1 % or 10%  o f  the tim e ; w hen the  
distribution is log-norm al, the d istribution curve is a  straight line, the corresponding deviations  
are given by 2.32 a and 1.28 0.

T he accom panying graph illustrates the presentation o f  log-norm al distribution .
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T R O P O S P H E R I C  W A V E  P R O P A G A T I O N  C U R V E S

T he C .C .I.R ., (G eneva, 1951 —  L ond on , 1953)

CONSIDERING !

(a )  T hat there is an  urgent need to  give a guide to  engineers in the p lanning o f  services in  the  
30-300 M c/s band, in  particular for television  and V H F  (m etric) broadcasting ;

(b )  T hat in  the case o f  stations w orking in the sam e or adjacent frequency channels the determ in
ation  o f  the m inim um  geographical distance o f  separation required to  avo id  intolerable  
interference due to  lon g  distance tropospheric transm ission  is a m atter o f  great im portance ;

( c) T hat the annexed curves are based on the statistical analysis o f  a considerable am ount o f  
experim ental data how ever,

RECOMMENDS !

T hat the revised curves given in A nn. II be adop ted  for use, subject to the conditions s ta te d  
in Ann. I.

RECOMMENDATION No. I l l  *

A N N E X  I

(a )  T he curves o f  A n n. II were prepared principally from  data obtained  in  the U n ited  States 
o f  A m erica and  the U n ited  K ingdom , supplem ented by data from  other E uropean  countries ;

(a )  Is is n o t k n ow n to  w hat extent these curves w ill be applicable in  other parts o f  the w orld  ;

( c) F or paths w hich lie  w holly  or m ainly over the sea, the curves sh ould  be used w ith  caution , 
as present experience suggests that, under these cond itions, the field strengths m ay be c o n 
siderably greater on  the average than those g iven  by the curves, particularly in areas having  
m eteorolog ica l cond itions such as are m et w ith  in  the. M editerranean ;

(d )  T he curves give field strengths exceeded for  1 % and 10%  o f  the tim e respectively over a long  
period  o f  continuou s observation. Curves for h igher percentages are n o t g iven  as they w ou ld  
scarcely be o f  interest in the planning o f  a system  based on  co m m on  channel w orking. It 
should  be borne in  m ind that a ll the data that exist o n  this subject show  that for  short periods  
o f  tim e (in general m uch below  1 % o f  the overall tim e) very high peak  values o f  field strength  
m ay be obtained. There are even occasions w hen those peak  values approach the free-space  
value ;

( e) T hey apply on ly  for distances greater than tw ice that o f  the radio h orizon  from  the transm itter  
where the effects o f  different antenna heights are s m a l l ;

( f )  T hey are referred'to a radiated pow er o f  1 kW  from  a half-w ave d ip ole  several w avelengths  
at least, above the ground ;

(g )  T hey refer equally to  horizontal and vertical po larization  ;

(h )  T he observed field strength depends upon  the nature o f  the terrain over w h ich  the transm ission  
takes place and these curves represent m edian values w ith  respect to  locations in  th e  
geographical areas (U n ited  States o f  A m erica and E urope) in  w hich the data w ere obtained  ;

* This Recommendation replaces Recommendation N o . 55.
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ANNEX II
E s t im a t e d  t r o p o s p h e r ic  f ie l d  s t r e n g t h  e x c e e d e d  f o r  1 %  a n d  1 0 %  o f  t h e  t im e

db

100 200 300 400 500 600 700 km

Distance from the transmitter in kilometres •

Frequency range 30-200 M c/s. 1 kW  radiated from a half wavelength dipole, vertical or horizontal polarization. 
Receiving aerial height 10 m. above ground level, median values with respect to terrain.
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( i)  T he curves are alw ays subject to  a  w ide scatter abou t the m ean values given ; they sh ou ld  
therefore n o t be interpreted to o  precisely. In  fact, each curve ough t rather to  be considered  
as a broad band w ith the curve as a  m ean value. O n the other hand, the data sh ow  that in  the  
case o f  the “ 10% ” curves there is a statistical dependence o n  frequency ;

( j )  T hese curves take no  account o f  ionospheric  propagation .

R E C O M M E N D A T IO N  N o . 11 2 *

B E ST  M E T H O D S  F O R  E X P R E S SIN G  FIEL D  ST R E N G T H  
FO R  P U L S E  T R A N SM ISS IO N S

(Q u estio n  N o . 8, § A .lc )

T he C .C .I.R ., (G eneva, 1951 —  L ond on , 1953)

CONSIDERING I

(a )  T hat the characteristics o f  the field o f  a  pu lse-m odulated  transm ission  include the peak  
am plitude, the repetition rate, the shape o f  the pu lse and the type o f  transm ission  ;

(b )  T hat the relative im portance o f  these various quantities depends on  the objectives o f  the  
m easurem ent, but that the peak  am plitude is, nevertheless, the m o st characteristic quantity ;

(c )  T hat the pu lse shape m ay be altered by  propagation  phenom ena ;

(d )  T hat the m easurem ent o f  pu lse field strengths w ill in  principle invo lve  the use o f  all the. equ ip 
m ent required for the m easurenient o f  fields produced by con tin u ou s w ave transm issions, 
w ith  certain parts o f  the equipm ent m odified  or other equipm ent added  in  v iew  o f  the  
special operating cond itions necessitated  by pu lse m odu lation  ;

(e )  T hat corrections m ay be necessary because o f  lim ited  bandw idth and detector characteristics  
o f  the m easuring e q u ip m e n t;

UNANIMOUSLY RECOMMENDS :

1. T hat the field strength produced by pu lse transm issions should  b e  represented by  th e  R .M .S . 
value o f  the field o f  the carrier corresponding to  the peak  am plitude o f  the pu lse, norm ally  
disregarding transient peaks (spikes). I f  necessary these sh ou ld  be considered  separately  ;

2. T hat in  the special case o f  am plitude-m odulated  pulses the field strength sh ou ld  be represented  
by the average o f  the pulse am plitudes taken  over an interval lo n g  com pared w ith  the p er io 
dicity o f  the m odulation  ;

3. T hat the m easurem ents should  include determ ination o f  the shape, the repetition  rate, and  
other characteristics o f  the pulses ;

4 . T hat apparatus for m easuring and determ ining pu lse characteristics sh ou ld  be develop ed  ;

*  This Recommendation replaces Recom mendation N o . 62.
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5. T hat a cathode-ray oscillo scope  should  be included as a part o f  any pulse field strength  
m easuring e q u ip m e n t;

6. T hat the bandw idth o f  the receiving equipm ent should  be large enough to  reproduce th e  
general form  o f  the pulse.

R E C O M M E N D A T IO N  N o . 113 *

FIE L D  ST R E N G T H  M E A SU R E M E N T  

Types o f wave collector and equipment for use in each frequency band

(Q uestion  N o . 8, § A .3)

T he C .C .I.R ., (G eneva, 1951 —  L ond on , 1953)

CONSIDERING :

(a )  T hat the effective length  o f  a lo o p  antenna w h ose dim ensions are sm all com pared w ith  the  
received w avelength is easily  calculable ;

(b )  T hat the effective length  o f  a  doublet, sufficiently far from  the ground, or o f  a  stub-antenna, 
is calculable ;

( c) T hat the effective length  o f  the m ore com plex directional antenna arrays cannot be calculated  
a ccu rate ly ;

(d )  T hat the field strength m easurem ent apparatus com m on ly  in use is com p osed  essentia lly  
o f  a  w ave co llector and  a radio-frequency voltm eter ;

UNANIMOUSLY RECOMMENDS :

1. T hat the fo llow in g  w ave collectors should  be used for m easuring field strengths stronger  
than  a few  m icrovolts per m etre ;

—  betw een 10 kc/s and 30 M c/s, lo o p  or stub-antennae (it is possib le to  use  lo o p s up* to  
about 100 M c /s ) ;

—  aboye abou t 30 M c/s, doublets, or stub-antennae, or lo o p  antennae up  to  abou t 100 M c/s  ;
—  above ab ou t 300 M c/s, m ore com plex directional w ave collectors, as m ay be desirable ;

2 . T hat for the m easurem ent o f  field strengths below  a  few  m icrovolts per m etre the m ore  
com plex  directional antenna arrays should  be suitably calibrated and  used, w ith  due care in  
orientation  o f  the w ave co llector for the com p on en t o f  the field being m easured ;

3. T hat in  som e cases, i f  so  desired, the receiving equipm ent in  use or availab le m ay be trans
form ed in to  field strength m easuring equipm ent by the add ition  o f  reference standards o f  
voltage, ind icators and  the use o f  su itable calibration m ethods.

N ote . —  It is to  be noted  that longer single-conductor antennae m ay be used  effectively to  
m easure w eak field strength.

* This Recommendation replaces Recom mendation N o . 64.



FIELD ST R E N G T H  M E A SU R E M E N T

Influence o f Local Conditions on Interpretation and Accuracy o f M easurements
o f Field Strength

(Q uestion  N o . 8, § A .5)

T he C .C .I.R ., (G eneva, 1951 —  L ond on, 1953)

CONSIDERING :

(a )  T hat loca l conditions affect the m easured values o f  field strength to  a variable exten t ;

(b )  T hat the m ost satisfactory site for field strength m easurem ents is one clear o f  bu ild ings, flat 
and h om ogeneous over a w ide area and to  a sufficient depth, w ithout trees, w ire lines, antennae  
or buried conductors ;

(c )  T hat the field strength in a place w hich does n o t fulfil the above conditions m ay vary greatly 
from  one poin t to  another ;

(d )  T hat the nature o f the so il in the neighb ourhood  o f  the m easuring site will affect the value  
o f  field strength observed and that its influence depends o n  frequency, polarisation , type o f  
antenna and angle o f  arrival o f  the w aves ;

UNANIMOUSLY RECOMMENDS :

1. T hat sites for field strength m easurem ents should , w henever possib le, be clear o f  obstructions  
and non-uniform ity o f  ground ;

2. T hat m easurem ents should  be accom panied by :

2.1 A  description o f  equipm ent and m ethod  used, w ith an assessm ent o f  the accuracy obtained  ;

2.2 A  description o f  the m easurem ent site, w ith , i f  necessary, details o f  any obstructions in  the  
vicin ity regardless o f  direction (build ings, overhead wires, cables, trees, cliffs, railw ays, roads, 
stretches o f water, waterw ays, etc.) and details o f  any buried conductors or non-un iform ity  
o f  the ground ;

2.3 V alues o f  the conductivity and dielectric constant o f  the soil, or failing th is, in form ation  on  
the nature o f  the ground and its m oisture content ;

3. T hat, whenever possib le, the variations o f  the field strength around the m easurem ent site 
should  be investigated  by m eans o f num erous m easurem ents at differ®nt locations o n  the  
site ;

4. T hat organisations engaged in field strength m easurem ents should  condu ct system atic expe
rim ents to  determ ine under w hat con d ition s reliable field strength m easurem ents can be m ade  
at various locations

RECOMMENDATION No. 114*

* This Recommendation replaces Recommendation N o. 66.
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S T U D Y  O F  A B S O R P T IO N  IN  T H E  IO N O S P H E R E

(R eco m m en d a tio n  N o . 8)

T he C .C .L R ., (G eneva, 1951 —  L ondon, 1953)

CONSIDERING I

(a )  T hat a detailed kn ow ledge o f  the m agnitude o f  ionospheric absorption is necessary for the 
efficient use o f  the availab le frequency spectrum  and for the practical design and engineering  
o f  radio broadcasting and com m u nication  circuits and services ;

(b )  T hat the task  o f  investigating ionospheric absorption and devising m ethods for applying the 
in form ation  to  the problem s o f  radio broadcasting and com m unication  is prim arily one that 
m ust be undertaken by scientific and research organizations w orking o n  radio wave  
p ro p a g a tio n ;

(c )  T hat the necessary investigation s w ou ld  be greatly assisted if  the facilities o f  existing high  
pow er transm itters cou ld  be m ade availab le at tim es for the studies ;

(d )  T hat the report o f  the w orking group o f  C om m ittee III at the IX th  G eneral A ssem bly o f  the 
U .R .S .I ., Zurich, 1950, and  a lso  docum ents subm itted to  the V lth  Plenary A ssem bly o f  
the C .C .I.R ., G eneva, 1951, (particularly D o c . N o s. 6 1 ,1 3 8 ,1 3 9 , 229, 247 o f  the V lth  Plenary 
A ssem bly o f  the C .C .I.R . and  D o c . N o s . 113 and 129 o f  W ashington, 1950, and D o c . N o . 15 
subm itted  by Japan to  the V lth  Plenary A ssem bly o f  the C .C .I.R .) co n ta in  in form ation  o f  
use to  the A dm in istrations and organizations participating in these studies ;

RECO M M EN D S:

1. T hat adm inistrations and research organizations expedite theoretical and practical studies o f  
the absorption  o f  radio w aves propagated by w ay o f  the ionosphere at vertical incidence, as 
w ell as oblique incidence, w ith  the object o f  obtain ing the data and results required for the  
efficient utilization  o f  the availab le radio frequency spectrum  ;

2. T hat the im portance o f  ob ta in in g  such in form ation  in tropical regions, as well as in other 
parts o f  the world, sh ou ld  n o t be overlooked  ;

3. T hat a ll organizations participating in these studies co llaborate and exchange inform ation  
am ong them selves and w ith the U .R .S .I .

RECOMMENDATION No. 115*

R E C O M M E N D A T IO N  N o . 116**

P R E S E N T A T IO N  O F  B A S IC  P R O P A G A T IO N  P R E D IC T IO N  C H A R T S

(R ec o m m e n d a tio n  N o . 53)
T he C .C .I.R ., (L ond on , 1953)

CONSIDERING :

(a )  T hat basic propagation  prediction  charts produced by different organizations are n ot o f  
uniform  presentation  ;

(b )  T hat the use o f  such charts for routine predictions, and their intercom parison, w ou ld  be 
facilitated  by the standardization  o f  the scales em ployed  ;

* The text o f this Recommendation, which has been approved by the V llth Plenary Assembly o f the C.C.I.R. (London,
1953), was added under the title “ Note by the Director o f the C.C.I.R. ”  to Vol. I of the documents o f the Vlth Plenary Assembly 
of the C.C.I.R. (Geneva, 1951).

** This Recommendation replaces Recom mendation N o. 53. '
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UNANIMOUSLY RECOMMENDS :

That, keeping their present form, the charts should be made with a uniform scale using a 
centimetre grid on which one centimetre represents 10 degrees of latitude and 15 degrees of longitude 
or one hour of time.

R E C O M M E N D A T IO N  N o . 117*

P R E D IC T IO N  O F  S O L A R  IN D E X

(R ec o m m e n d a tio n  N o . 69)

T he C .C .I.R ., (L ond on, 1953)

CONSIDERING :

(a )  T hat it  is desirable to  have an in ternationally  agreed prediction  o f  sm ooth ed  relative su nspot 
num bers for  abou t 6 m onths in  advance ;

(b )  T hat it is im practicable at present to  ob ta in  com plete  agreem ent o n  m ethods o f  pred iction  ;

(c )  T hat the autocorrelation  techniques referred to  in  R ecom m end ation  69, § 2 ,  are n o t im m e
diately applicable in practice to  the extrapolation  o f  a finite tim e series ;

(d )  T hat the D irector o f  the C .C .I.R . has already m ade considerable progress in  overcom ing  
the difficulty referred to  in (c )  and that there is reasonable h op e  o f finding a practical 
m eth od  o f  m ak ing  the required predictions.

UNANIMOUSLY RECOMMENDS :

1. T hat the D irector o f  the C .C .I.R . sh ou ld  continue the study o f  the app lication  o f  a u to 
correlation  or other suitable prediction techniques to  finite tim e series and m ore particularly  
to  the prediction  o f  sm oothed  sunspot num bers ;

2. T hat the accuracy o f  the prediction obta ined  by su ch  m ethods sh ou ld  be com pared w ith  that 
attainable by subjective m ethods ;

3. T hat, in the event o f  any satisfactory pred iction  m eth od  being found, these predictions sh ou ld  
be published in  the Journal des Telecom m unications as they becom e availab le ;

4. T hat as so o n  as they are available these pred ictions sh ou ld  be m ade availab le m onth ly  to  
all adm inistrations and other interested parties by an inexpensive postcard subscription  
service u tiliz ing a ir -m a il;

5. T hat, the D irector o f  the C .C .I.R . and the various adm inistrations should  present to  the next 
Plenary A ssem bly  o f  the C .C .I.R . their com m ents o n  these pred ictions, stressing in  particu lar :

—  the usefu lness o f  12-m onth sm ooth ed  averages ;
—  the usefu lness o f  prediction six m onth s in  advance ;
—  the applicability  o f  the predictions to  their com m u nication  problem s.

* This Recommendation replaces Recommendation N o . 69.
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P R O T E C T IO N  O F  F R E Q U E N C IE S  U S E D  F O R  R A D IO -A S T R O N O M IC A L  
M E A S U R E M E N T S

(R eco m m en d a tio n  N o . 56)

T he C .C .I.R ., (L ondon, 1953)

CONSIDERING :

( a )  T hat p rotection  from  interference in radio astronom ical m easurem ents is required ;

(b )  T hat in general, for  the purpose o f  these m easurem ents, it is n o t practicable to  use the  
frequencies listed  in  R ecom m end ation  N o . 56 ;

(c )  T hat a considerable degree o f  protection  can be achieved by appropriate frequency assignm ents 
o n  a nationa l rather than  an international basis ;

(d )  T hat, nevertheless, it  m ay be im practicable to  afford such protection  in or near p op u lous or 
industrial regions ;

UNANIMOUSLY RECOMMENDS :

1. T hat G en eva  R ecom m en d ation  N o . 56 shall be considered no  longer operative ;

2. T hat adm inistrations sh ou ld  afford all practicable protection  from  interference to  radio- 
astronom ical m easurem ents, particularly on  frequencies around 1420 M c/s.

RECOMMENDATION No. 118

R E C O M M E N D A T IO N  N o . 119

M E A S U R E M E N T  O F  A T M O S P H E R IC  R A D IO  N O IS E

(S tu d y  P ro g ram m e N o . 23 *)

T he C .C .I.R ., ' ' (L ondon, 1953)

CONSIDERING :

T he need for  m easurem ent o f  atm ospheric radio n o ise  by objective and autom atic m eans 
( § 3  and 4 o f  Study P rogram m e N o . 23 *) ;

RECOMMENDS :

T hat adm inistrations in  a p o sitio n  to  do so, should  consider effective participation  in  the • 
testing o f  the equipm ent referred to  in the A nnex, w ith a v iew  to  its a d op tion  for a w orld-w ide  
netw ork  o f  noise-m easuring stations.

* This Study Programme has become Study Programme N o. 65 (VI).



— 148 —

A N N E X

A  p rototype equipm ent for the objective m easurem ent o f  atm ospheric no ise  has been developed  
by the Central R ad io  Propagation Laboratory o f  the N a tio n a l Bureau o f  Standards.

It is p lanned that abou t 50 stations w ill be established in a netw ork com prising one equatorial 
chain  and four m eridional chains, at longitudes 30° E, 130° E, 75° W  and 160° W , approxim ately.

A dm inistrations can assist in the program m e by the provision  o f  the fo llow in g  : sites or  
personnel or equipm ent. A dditional inform ation m ay be obtained  from  the N a tio n a l Bureau o f  
Standards.

R E C O M M E N D A T IO N  N o . 120

R E V IS IO N  O F  A T M O S P H E R IC  R A D IO  N O IS E  D A TA

(S tudy  P ro g ram m e N o . 23 *)

The C .C .I.R ., (L ondon, 1953)

CONSIDERING :

(a )  T hat there, is a need for revision and clarification in the presentation o f  existing atm ospheric  
n oise  data ;

(b )  T hat Study Program m e N o . 23 * has resulted in add ition al inform ation becom ing availab le ;

(c )  T hat tim e w ill be required for the preparation o f  the data in  su itable form  ;

RECOMMENDS :

1. T hat revised charts and curves o f  atm ospheric no ise  sh ou ld  be prepared, based on, and o f  
sim ilar form  to  those contained  in the N a tio n a l B ureau o f  Standards Circular N o . 462 (.Iono
spheric R adio  P ropagation , N ationa l Bureau o f  Standards Circular N o . 462, 1948. U nited  
States G overnm ent Printing Office) ;

2. T hat Study G roup N o . V I should  organize this revision by correspondence ;

3. T hat the fundam ental quantity on  w hich the curves are to  be based sh ou ld  be the root m ean  
. square noise  field strength as m easured on  a short vertical rod  aerial, in  a bandw idth o f

1 kc/s, averaged over a period o f  a few  m inutes (here called  the average r.m .s. noise) ;

4. T hat the curves should  show  the seasonal m edian value o f  the average r.m .s. no ise  as a 
function  o f  season , tim e o f  day, frequency and geographical lo ca tion  ;

:5. T hat in form ation  should  be given regarding the short and long-term  variations o f the  
average r.m .s. no ise  ;

' 6. T hat in form ation  should  be given regarding the variability  o f  no ise  w ithin  a period o f  a few  
m inutes ;

7. T hat the frequency range o f  the curves should  be extended  dow nw ards to  10 kc /s ;

* This Study Programme has become Study Programme N o. 65 (VI).
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8. T hat in the period until the revised charts and curves are availab le :

—  the seasonal m edian values o f  average r.m .s. no ise  in a bandw idth o f  1 kc/s be assum ed
to be 32 db below  the values p lotted  in Circular N o . 462. This im plies that the values to  
be used in conjunction  w ith  A nn. 1 o f  G eneva R ecom m end ation  N o . 44 (w hich specifies 
a bandw idth o f  6 kc/s), . and w ith  appropriate fading factors are 24 db below  the values 
in Circular N o . 462 ;

—  in using these derived values o f  average r.m .s. noise  no  allow ance should  be m ade for  
noise  variations in  periods o f  less than one hour, and that in  allow ing for  hour-to-hour  
and day-to-day variations, the upper decile values be assum ed to  be 10 db greater than the 
m edians ;

—  the average r.m .s. n o ise  field strength in a 1 kc/s bandw idth from  extra-terrestrial sources  
should  be assum ed to  be 0.1 m icrovolt per m etre (20 db below  1 m icrovolt per m etre) 
at 50 M c/sec and to  vary inversely w ith frequency to  the pow er 0.15 ;

9. T hat the atten tion  o f  the U .R .S .I . should  be drawn to  the desirability o f  expressing the results 
o f  future noise  m easurem ents in  such a w ay as to  facilitate direct com parison w ith the  
proposed  curves o f  average r.m .s. noise  ;

10. T hat the atten tion  o f  U .R .S .I . sh ould  be drawn to  the urgent need for further inform ation  
regarding atm ospheric no ise , w ith  particular reference to  variations w ith  tim e, d irection  o f  
arrival and the influence o f  su nspot activity ;

11. T hat the above recom m endations should  be deem ed com plem entary to  R ecom m end ation  
N o . 67.

N o te s :

1. T he curves in Circular N o . 462 ind icate the estim ated carrier signal strengths required for  
satisfactory radio te leph one com m u nication  90 per cent o f  the tim e. T he figure o f  32 db  
quoted  in  Section 8 o f  the R ecom m end ation  is based on  the assum ption that for th is service  
the required ratio o f  carrier signal to  r.m .s. no ise  in a bandw idth o f  6 k c /s is 9 db under  
steady conditions. A  factor o f  15 db has been applied to  a llow  for tim e variations in  both  
signal and  noise, and a further factor o f  8 db to  a llow  for the change in bandw idth. This 
com bination  o f  factors is considered to  be m ore specific and reliable than the overall figure 
o f  15 db for signal to  average n o ise  ratio given in Circular N o . 462.

2. R ecent publications *, **, suggest that :

(a )  V alues for m idnight at 2.5 M c/s m ay be 12 db low er than those ind icated  in Circular 
N o . 4 6 2 ;

(b )  V alues for m idnight a t 15 M c/s m ay be 10 db higher than those ind icated  in  Circular 
N o . 4 6 2 ;

(c )  V alues at very low  frequencies in h igh  latitudes m ay be considerably low er than those  
ind icated  in  Circular N o . 462.

T hese observations sh ou ld  be considered to  replace those in  Sections (i) and (vi) o f  R eport 
N o . 8.

* “ Measurements o f Atmospheric Noise at High Frequencies ” , by F. H o r n e r . Radio Research Special Report, No. 26 
1953, London, H.M.S.O., Code No. 47-29-26.

* * “ Noise Levels in the American Sub-A rctic”  by N.C. G e r s o n ,  Proc. J.R.E., 1950, 38, 905-916.
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L O C A L  L IG H T N IN G  F L A S H  C O U N T E R S

(S tu d y  P ro g ram m e N o . 23 *)
T he C .C .I.R ., (L ond on , 1953)

CONSIDERING :

(a )  T hat several devices designed for counting  loca l lightning flashes have been proposed  ;

(b )  T hat availab le perform ance data are insufficient to  com pare the m erits o f  these devices ;

RECOMMENDS :

1. T hat direct com parisons should be m ade at several places, betw een various devices proposed  
for the counting  o f  loca l ligh tn in g 'fla sh es ;

2. T hat steps should  be taken by the D irector o f  the C .C .I.R . and Study G roup N o . V I in  c o lla 
boration  w ith  the W orld M eteorological O rganization  to  arrange for direct com parison  to  
be m ade betw een the several devices ;

3. T hat U n ited  States o f  A m erica, France, India, Japan, the U n ited  K in gd om  and the U n io n  
o f  South  Africa should  each be invited  to  p ropose a m em ber to  participate in  th is w ork  and  
that the U n ited  K in gdom  m em ber should  co-ord inate  the w ork on  behalf o f  the C hairm an  
o f  Study G roup N o . VI.

N otes. —  It is n o t possib le  to  devise a sim ple radio device w hich w ill count all lightning  
flashes w ithin a specified  radius and n on e o f  those orig inating at greater distances.

It is considered that an instrum ent w h ich responds to  all m ajor discharges w ill provide better  
ind ications o f  radio interference caused by storm s than one w hich responds on ly  to  discharges 
to the ground:

It is considered that counters w ou ld  provide a m ore satisfactory m easure o f  thunderstorm  
activity if  designed for a range greater than the 20 k ilom etres suggested in  Study Program m e  
N o . 23 *.

It is considered that the m ost reliable ind ications o f  local-thunderstorm  activity are likely  
to be provided by instrum ents responding to  a w ide band o f  frequencies in  the V L F  (m yriam etric) 
band.

T he standard or standards o f  reference to  be used  in  the com parisons sh ou ld  be decided  in  
c lose  consu ltation  w ith the D irector o f  the C .C .I.R . and representatives o f  the W orld  M eteorolog ica l 
O rganization.

RECOMMENDATION No. 121

R E C O M M E N D A T IO N  N o . 122 **

S T A N D A R D  F R E Q U E N C Y  T R A N S M IS S IO N S  A N D  T IM E  S IG N A L S

(Q u estio n  N o . 54 ***)

T he C .C .I.R ., - (G eneva, 1951 —  L on d on , 1953)

CONSIDERING :

(a )  T hat the International A dm inistrative R ad io  C onference, A tlan tic  C ity, 1947, a llocated  
frequency bands 2.5 M c/s ±  5 kc /s (2.5 M c/s ±  2 k c /s  in  R eg ion  1), 5 M c/s ±  5 kc/s, 
10 M c/s ±  5 kc /s, 15 M c/s ±  10 kc/s, 20 M c/s ±  10 kc/s, and 25 M c/s ±  10 kc/s, an d  that 
the Conference requested the C .C .I.R . to  study the q u estion  o f  establish ing and operating  
a w orld-w ide standard frequency and tim e service ;

* This Study Programme has become Study Programme No. 65 (VI).
** This Recommendation replaces Recommendation No. 70.

*** This Question has become Question No. 87 (VII).
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(b )  T hat experim ental standard frequency stations have been put in  operation and  that a consider
able am ount o f  data on  their perform ance have been co llected  (see A n n. I) ;

(c )  T hat the usefu lness o f  the standard frequency transm issions w ill be im proved appreciably  
w hen the proposed  exclusive bands for  the service becom e available ;

(d )  T hat the present standard frequency service is experiencing interference from  stations other  
than standard frequency stations ;

(e )  T hat this service sh ou ld  perm it reliable and accurate m easurem ent to  be m ade using sim ple  
receiving e q u ip m e n t;

RECOMMENDS :

1. T hat a standard frequency transm ission  should  com prise a standard carrier frequency, 
m odulated by a tim e signal and, i f  desired, by one or m ore standard aud io  frequencies ;

2. T hat the standard aud io  frequencies should  be chosen  preferably from  440, 600 or 1000 c/s, 
and that the duration  o f  the aud io  frequency m odu lation  should  be at least 4  m inutes ;

3. T hat the tim e signals should  con sist o f  im pulses repeated at intervals o f  one m ean solar second, 
synchronized as precisely as p o ssib le  w ith  U niversal T im e ;

4. T hat these im pulses sh ou ld  con sist preferably o f  either 4 cycles o f  800 c /s  tone, or 5 cycles, 
o f  1000 c /s  tone, or 6 cycles o f  1200 c/s tone, or 7 cycles o f  1400 c /s  ton e  ;

5. T hat the first im pulse o f  each  m inute be prolonged so as to be easily  identified by m eans o f  
sim ple receiving e q u ip m e n t;

6. T hat preferably, the tim e signals sh ou ld  be transm itted w ithout any. other m odu lation  during  
periods o f  a t least 4  m inutes ;

7. T hat the frequencies transm itted  should  be m aintained w ithin  ± 2  parts in  108 o f  their nom inal 
frequency (see A n n. II) ;

8. T hat the standards used  for  contro l should  have a drift o f  less than 1 part in  108 per w eek  
(see A nn. II) ;

9 . T hat the tim e intervals transm itted  should  be m aintained w ithin ± 2  parts in  108 ± 1  m icro
second  (see A n n. II) ;

10. T hat n otice  o f  any adjustm ents to  the standard frequencies and tim e signals should  be sen t 
regularly by each  A d m in istration  to  the Secretariat o f  the C .C .I.R . in  the un iform  m anner  
suggested in  A nn. I l l ,  for  co lla tio n  and distribution ;

11. T hat the m easured values o f  the frequencies and tim e signals sh ou ld  be sent regularly by 
each  adm inistration to  the Secretariat o f  the C .C .I.R . in the uniform  m anner suggested in  
F orm  A  o f  A n n . I l l ,  for  co lla tio n  and distribution ;

12. T hat co-op eration  w ith  the B .I .H . and the U .R .S .I . sh ou ld  continue ;

13. T hat any experim ental sta tion  operating w ithin the fram ew ork o f  Study Program m e  
N o . 68 (V II) fo u n d  to  be causing  harm ful interference to  the estab lished  services o f  
perm anent stations sh ou ld  take steps to  elim inate such  interference ;

14. T hat no  new  perm anent standard frequency station  operating in  the standard frequency  
bands shall be notified  to  the I .T .U . until the experim ental investigations have provided  
sufficient m a te r ia l;

15. T hat adm inistrations sh ou ld  recognise that it is in the general interest that steps be taken  to  
clear the a lloca ted  bands as so o n  as possible.



— 152 —

A N N E X  I

P r in c ip a l  c h a r a c t e r is t ic s  o f  s t a n d a r d -f r e q u e n c y  a n d  t im e -s ig n a l  s t a t io n s  C )
(September 1953)

1 STATIONS H a w a i R u g b y T o k y o T o r in o W a s h in g t o n J o h a n n e s b u r g

C8)

2 Call-sigh W WVH M SF ' JJY IBF w w v ZRE 21

3 Service Experimental Experimental Experimental Experimental Regular Experimental

4 Carrier pow er  (kW) 2 (2) 0.5 1 0.3 l o o 0.1

5 Type o f  antenna Vertical
dipole

Vertical
dipole

Vertical
dipole

Horizontal 
dipole C4)

Vertical
dipole Inverted L

6 Number o f  simultan
eous transmissions 3 3 1 1 6 1

7 Number o f  
frequencies used 3 3 3 1 6 1

8 .tr,K
•S

Days 
per week 7 7 3 (9) (10) C1) I C 5) 7 7

9 1  ■
Hours 

per day 22 24 («) 24 6 C6) 24 24

10 Carriers
(M c/s) 5 10 15 2.5 5 

10(7)
2.5 (9) 5 (10) 

IO C4) C2) 5 All 5

11
c ^ ^
s  §* a
i o £

Modulations
c/s)

1 (3) 440 
600 i o  iooo i c 3) iooo 1 (3) 440 

1000
1 C) 440 

600 l (3)

12 Duration o f  tone 
modulation in 
minutes

4 in each 5(4) 5 in, each 15 9 in each 20 5ineach 10(17) 4 in each 5(4) —

13 Accuracy o f  
frequencies in 
parts in 108

±  2 - ±  2 ±  2 ±  2 ±  2 ±  10 C8)

14 M aximum oscillator 
drift in parts in 
108 per month

+  2 +  0.5 +  1 +  4 +  1 +  5 C 8)

15 Maximum value o f  
steps o f  frequency 
adjustment in parts 
in 108

1 2 . 2 2 1 5 ( 18)

16 Duration o f  time- 
signals in minutes continuous 5 in each 15 continuous 5 in each 10 continuous continuous

17 Accuracy o f  time 
intervals

± 2 x 10-8 
±1 micro

second

± 2x  10-8 
±1 micro

second

± 2  XlO-8 
±1 micro

second

± 2 x  10-8 
±  1 micro

second

± 2  x lO -8 
±1 micro- ; 

second

+  10X 10-8 C8) 
± 5 0  micro

seconds

18 M ethod o f  adjusting 
time signals

Steering (5) By steps 
of 50 ms (8)

Adjusted to 
mean o f time 

signals

Adjusted to 
mean o f time 

signals

Steering (5) Steering (5)

For notes to the table see page 153.



— 153 —

A N N E X  II

T o  satisfy the requirem ents o f  § 7, 8 and 9, the control oscillator o f  a  standard frequency  
station  sh ould  be checked , and i f  necessary, adjusted at least once  a day by reference to  at least 
three quartz-crystal-controlled oscillators o f  high precision, w hich are in turn calibrated either :

—  in term s o f  astronom ical-observatory tim e signals, corrected if  necessary, over periods 
o f  at least 20 days,
or

—  in term s o f  tim e signals o f  a standard frequency station  operated according to  the above  
m eth od over periods o f  at least 10 days.

In add ition , frequency com parisons betw een the control oscilla tor and  three or m ore high- 
precision reference oscillators should  be continuously  recorded, w ith  a d iscrim ination better than  
± 2  parts in 109. E ach oscilla tor should be stable to  better than ± 2  parts in 109 over 24-hour  
intervals.

A N N E X  III

D ev ia tio n s and adjustm ents o f  Standard F requencies and T im e Signals as broadcast by

.............................................................  for the quarter ending     19

1. D ev ia tio n s o f  frequencies broadcast are w ith reference to   ...........................................................

2. D ev ia tio n s o f  tim e signals broadcast are w ith reference to

Notes to the table on page 152.

(!) For details see documents :
WWVH-WWV : LC 1009 U.S.A. National Bureau o f Standards (15 April 1952).

M SF : No. 304 C.C.I.R. London, or U .K. National Physical Laboratory leaflet : MSF : New  
Programme o f experimental standard frequency transmissions from the U .K ..' May, 1953. 

IBF : No. 257 C.C.I.R., Geneva.
JJY : Standard Frequency and Time Signals, Radio Research Laboratories, Tokyo.

(2) These are maximum values ; on certain frequencies and on certain days reduced power is used.
(3) 5 cycles o f 1000 c/s modulation pulses.
(4) 440 and 600 c/s tones alternately.
(5) No phase adjustment made to time signals.
(6) Total interruption o f transmission from minute 15 to minute 20 of each hour.
(7) Transmissions' are also made on 60 kc/s (see note 1).
(8) Adjustments made on first day o f the month wheri necessary.
(9) Mondays.

(1°) Wednesdays.
(H ) Fridays.
(12) Transmissions are also made on 4 and 8 Mc/s (see note 1).
(13) 7 cycles of 1400 c/s modulation pulses.
(14) Maximum radiation in N.W. and S.E. directions.
(15) Tuesdays.
(16) From 0800 to 1100 h and from 1300 to 1600 h U.T.
(17 ) 440 and 1000 c/s tones alternately.
(18) The transmissions are made by the Union Observatory (Union of South Africa). The accuracy will be improved when 

new equipment becomes available.
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3. M eth od  o f  reporting :

(a )-  Frequency : +  ind icates that the frequency broadcast w as h igh  ; deviations are given  
as parts in  109 ; adjustm ents were m ade on  the days ind icated  by * at the tim es stated.

(b )  T im e : the tim e deviations are expressed as the decim al part o f  the second, e.g. 010  
ind icates that the pu lses were 0.010 second late w h ile a figure o f  990 indicates that the  
pulses were 0.010 second  early ; adjustm ents were m ade o n  the days ind icated by * 
at the tim es stated.

Date . Frequency, parts in 109 Time, milliseconds

D ate of compilation :

R E C O M M E N D A T IO N  N o . 123

A C CU R A CY  O F FIELD ST R E N G T H  M E A SU R E M E N T S  
BY M O N IT O R IN G  ST A T IO N S

(Q u estio n  N o . 55)

T he C .C .I.R ., (L ond on, 1953)

CONSIDERING :

(a )  T hat field intensity m easurem ents are being m ade by m onitorin g  stations in  the frequency  
range from  15 kc/s to  300 M c/s ;

(b )  T hat the order o f  accuracy o f  such m easurem ents w ou ld  m ake them  su itab le for use in co n 
nection  w ith  the international registration and assignm ent o f  frequencies ;

(c )  T hat the pu blication  o f  such data by m onitoring stations is therefore desirable ;

RECOMMENDS :

1. T hat, to  ob ta in  the accuracy specified in the table below , the field  strength m easuring equ ip 
m ent at m onitoring stations should  be installed , calibrated  and operated in  accordance w ith  
the term s contained  in  the A nnex to  this R ecom m end ation  ;

2. T hat, except where there are lim itations due to  receiver n o ise  level, atm ospheric no ise  or  
external interference, the accuracy to  be expected  in  field  strength m easurem ents at in tensities  
above 1 (xV/m is as sh ow n in  the fo llow in g  table.
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Frequency Band Accuracy o f Measurement

Below 3000 k c / s ....................... ± 1 .5  db
3000 to 30 000 kc/s . . . . ± 2.0 db
30 to 300 M c / s ....................... ± 3 .0  db

T he accuracy specified in  the table is obtainable w ith  apparatus either m anually operated  
or used w ith au tom atic  recorders, provided that the tim e constan t o f  th e  com bined  equipm ent 
is 0.1 second  or less, w hen m easuring unm odulated  carriers, m odulated  em issions o f  a ll types  
except A l ,  A 2 , P  and  em issions w ith suppressed or reduced carriers.

3. T hat w hen, because o f  interference, signal instab ility  or for  other reasons accuracy w ithin  
these lim its is n o t obtainab le, the m easurem ents should  nevertheless receive due consideration  
i f  their accuracy is, ind icated  ; '

4 . T hat studies o f  m eth ods and  equipm ent for field strength m easurem ents at m on itorin g  stations 
should  be continued . -

A N N E X

1. A n t e n n a  I n s t a l l a t i o n

(a) Frequencies o f  30  M e ls  an d  below .

It is recom m ended that, for  frequencies o f  30 M c/s and below , vertical antennae three-eighths 
w avelength  or less in  heigh t sh ou ld  be used, w ith  ground system s consisting  o f  buried radial 
conductors a t least h a lf  w avelength  long  or o f  an equivalent ground screen near the earth.

T he radial conductors sh ou ld  be spaced 10 degrees or less apart. It is necessary to  ensure  
that no  significant d istortion  o f  the field being m easured is caused by obstructions, bu ild ings, 
buried pipes etc.

V ertical antennae as described above, are recom m ended as standard for field strength  
m easurem ent by m onitorin g  stations, for ionospheric signals on  frequencies o f  30 M c/s and  
below  for the fo llo w in g  reasons :

1. It is generally accepted  that random  variations in po larization  o f  ionosp heric  w aves are 
such that the vertically  polarized  com ponent is, in general, substantially  equal to  the  
horizon ta l com ponent.

2. T he effective height o f  a vertical stub-antenna is substantially  independent o f  w avelength.

3. T he disadvantage o f  usin g  a horizontal antenna is that its gain  depends o n  its elevation  
ab ove  the ground and  o n  its orientation.

(b) Frequencies above 30 M c /s .

, A n ten nae for field  strength, m easurem ent on  frequencies above 30 M c/s are recom m ended to  
conform  to  the fo llo w in g  cond itions :

1. T he receiving antenna m ust have the sam e polarization  as the transm itting antenna.
F or these frequencies stub-antennae, or half-w ave d ipoles can be used, as appropriate.
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2. V H F  (m etric) antennae should  be located  at a  standard height above  ground, represent
ative o f  average receiving conditions, and a height o f  10 m etres is recom m ended.

3. There should  be a clearance o f at least 100 feet (30 m etres) from  other structures.

(c) A ntenna fa c to r .

F or frequencies below  30 M c/s, the error in the determ ination o f  the antenna factor should  
be kept w ithin  ± 1  db and for frequencies from  30 M c/s to  300 M c/s it should  be w ithin  
± 2  db. T he antenna factor includes Coupling or m ism atch losses betw een antenna and receiver 
in the parts n ot com m on to  the m easuring and calibrating circuits.

2 . R e c e iv e r

T he receiver should  have h igh  inherent stab ility  w ith  respect to  gain, frequency, bandw idth  
and attenuation  calibrations. Particular atten tion  is drawn to  the desirability  o f  using vo ltage  
regulators and crystal controlled  oscillators to  lim it the effect o f  the receiver on  the overall 
accuracy o f  field strength m easurem ents. N evertheless, the frequent use o f  a signal generator  
for calibration  o f  the field strength m easuring equipm ent is recom m ended. W ith  current 
designs using recording equipm ent, calibration sh ou ld  be carried o u t at least daily.

3. S i g n a l  G e n e r a t o r

The' atta inable accuracy o f  standard signal generators in the vo ltage  range above 1 h-V is 
±1 db.

T his accuracy can be obtained  using a bolom eter secondary vo ltage standard or other  
recognised m ethods o f  com parable precision. H ow ever it sh ou ld  be n o ted  that there is n o w  
available an  im proved device capable o f  greater accuracy, nam ely the m icro-potentiom eter.

T he calibration  o f  the signal generator should  be checked frequently by m eans o f  such  
standards in order to  m aintain the desired accuracy o f  m easurem ent.

B ibliography. —  S e l b y , M . C ., “Accurate R .F . V oltages ” . C om m unications and Electronics. 
Trans. A .I.E .E . N o . 6, Page 158-164, M ay 1953.

R E C O M M E N D A T IO N  N o . 124

W A TC H  O N  TH E R A D IO  T E L E PH O N Y  D IST R E S S  FR E Q U E N C Y  
OF 2182 k c/s

(Q uestion  N o . 56)

T he C .C .I.R ., (L ondon, 1953)

c o n s i d e r i n g  :

(a )  T hat, according to  A tlantic  C ity R adio R egu lations N o . 815, the frequency 2182 kc/s m ay
be used for  calls and replies, and is the frequency to  be used for the distress call and traffic, 
as w ell as for urgency and safety signals and m essages ;

b )  T hat, there is, as yet, little  experience o f  the w orld -w ide use o f  a  com m on  frequency for
calling and distress in  the M F  (hectom etric) m aritim e radio-telep hon y service ;



— 157 —

(c )  T hat in  certain areas distress calls at tim es suffer interference from  traffic calls and r e p lie s ;

(d )  T hat certain countries use frequencies other than 21.82 kc/s, especially  w orking frequencies, 
for  norm al traffic calling and replies, in accordance w ith  R ad io  R egulations N o . 817 ;

( e )  T hat, nevertheless, the exclusive usie o f  the frequency o f  2182 kc/s for distress purposes w ou ld  
m ilita te  against extensive w atch-keeping on this frequency by ships ;

( f )  T hat the use  o f  an  alarm  signal w ith strongly distinctive characteristics w ou ld  facilitate the  
reception  o f  distress calls in  ships and coast stations carrying o u t aural w atch as w ell as in  
th ose  sta tion s fitted w ith  autom atic  alarm s ;

(g )  T hat a loudspeaker distress w atch in  ships not fitted w ith au tom atic  alarms w ou ld  increase  
the efficiency o f  the distress w atch ;

UNANIMOUSLY RECOMMENDS :

1. T hat an alarm  signal o f  the type specified in  R ecom m end ation  N o . 71 should  be adopted  
by all adm inistrations and brought into use at an  early date ;

2. T hat adm inistrations sh ou ld  encourage the keep ing o f  a lou d  speaker w atch o n  the calling  
and distress frequency o f  2182 kc/s on  board th o se  o f  their ship w hich are n o t fitted w ith  
autom atic  alarm  receiving equipm ent for that frequency ; nevertheless the au tom atic  or  
aural w atch for the alarm  signal on  the distress frequency o f  2182 kc/s need be encouraged  
only  o n  ships n o t fitted w ith  radiotelegraph equipm ent in the 500 kc/s band ;

3. T hat adm inistrations sh ou ld  take special steps to  enforce respect o f  the R ad io  R egulations  
(especially  N o s . 815 and 816) regarding the use o f  the calling and distress frequency 2182 kc /s ;

4. T hat adm inistrations sh ou ld  m aintain observations over a sufficient, period to  determ ine  
whether there is a need to  change the R ad io  R egulations regarding the use o f  the international 
calling and distress frequency 2182 kc/s ;

5 . T hat the results o f  such observations should  be subm itted directly by adm inistrations to  an 
appropriate adm inistrative conference.

N ote. —  T his R ecom m end ation  concludes the study o f  Q uestion  N o . 57.

R E C O M M E N D A T I O N  N o .  125 *

A L A R M  SIG N A L  FO R  U SE  O N  T H E  M A R IT IM E  R A D IO T E L E P H O N Y  
D IST R E S S  FR E Q U E N C Y  O F 2182 kc/s

T he C .C .I.R ., (G eneva, 1951 —  L ond on , 1953)

CONSIDERING :

(a )  T hat it is  desirabje and practicable to  establish  an in ternationally  agreed alarm  signal for  
use on  the calling and distress frequency o f  2182 kc /s ;

(b )  T hat th e  alarm  signal sh ou ld  be such as to  :

1. P rovide reliable operation  o f  au tom atic  alarm  e q u ip m e n t;

2. Provide a d istinctive signal w hich is readily recognized aurally w hen received o n  a lo u d 
speaker or headp hon es ;

* This Recommendation concludes the study .o f  Question N o . 56 and o f  Study Programme N o. 29.
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3. be capable o f  being received through interference from  sp eech  transm issions, through  
other kinds o f  interference, and  through n oise  ;

4. avo id  fa lse  responses w hen received either aurally or by au tom atic  m eans ;

5. be capable o f  being produced by a sim ple m anual device, as w ell as by autom atic  m eans ;

(c )  That the alarm  signal sh ould  be such as to  perm it the construction  o f  an  alarm  equipm ent 
w hich is rugged, dependable, stab le in  perform ance, o f  lo w  cost, o f  easy  production , o f  lo n g  
life  w ith  a m inim um  o f  m aintenance, and  w hich can be used  w ith  ex istin g  m aritim e rad io
telephone e q u ip m e n t;

(d )  T hat to  help  in  clearing the calling and distress frequency channel o f  em issions from  other  
stations the alarm  signal and detecting device should  be effective beyond the range at w hich  
speech transm ission is satisfactory ;

(e )  That the autom atic  alarm  equipm ent should  be capable o f  operating in as short a  tim e as 
possib le, consistent w ith  the avoidance o f  false responses ;

( f )  T hat the results o f  the further exam ination  o f  this problem  by the adm inistrations participating  
in  Study Program m e N o . 29 (G eneva, 1951) are sufficiently conclu sive  to  determ ine the  
essential characteristics o f  the signal including to lerances that sh ou ld  be recom m ended for  
international adop tion  ;

(g )  T hat it is possib le  to  specify the m inim um  perform ance standards for au tom atic  alarm  
equipm ent, for  both  transm ission and reception , to  such an exten t that future progress and  

'developm ent are n o t ham pered ;

(h ) T hat it is undesirable that the specification o f  perform ance standards for  autom atic  alarm  
equipm ent sh ould  exceed in  scope  the requirem ents already estab lished  by international 
agreem ent for  au tom atic  alarm  devices intended for the recep tion  o f  the in ternational alarm  
signal or the international distress signal in  radio-telegraphy, norm ally  transm itted on  the  
frequency 500 k c /s  (Art. 37, § 31, 32, 33, International R a d io  R egu lations, A tlantic  C ity, 
1947 ; and Chap. IV , R egu lation  11, C onvention for  Safety o f  L ife at Sea, L ond on , 1948);

UNANIMOUSLY RECOMMENDS :

1. T hat the alarm  signal described below  sh ould  be adop ted  internationally  for  use o n  the  
m aritim e rad io-telephony calling and  distress frequency o f  2182 k c/s ;

1.1 The alarm  signal shall consist o f  tw o substantially  sinu so idal aud io  frequency tones, trans
m itted alternately for a m inim um  period o f  6 seconds. O ne ton e  shall have a frequency o f  
2200 c/s and the other a frequency o f  1300 c/s. T he duration o f  each  ton e  shall be 250 m illi
seconds ;

1.2 The tolerance o f  the frequency o f  each tone shall be ± 1 .5 % ;  the to lerance on  the duration  
o f  each  tone shall be ± 5 0  m illiseconds ; the interval betw een successive tones shall n o t  
exceed 50 m illiseconds ; the ratio o f  the am plitude o f  the stronger ton e  to  that o f  the weaker  
shall be w ithin  the range 1 to  1.2 ;

1.3 W hen generated by autom atic  m eans, the alarm  signal shall be sent con tin u ou sly  for a period  
o f  at least 30 seconds but n o t exceed ing one m inute ; w h en  generated by other m eans, the  
signal shall be sent as continuou sly  as practicable over a period  o f  approxim ately  one m inute ;

2. T hat the au tom atic  devices in tended  for the reception o f  the alarm  signal in  qu estion  should  
fulfil the fo llo w in g  cond ition s :

2.1 T he frequencies o f  m axim um  reponse o f  the tuned circuits, and  other tone-selectin g  devices, 
shall be subject to  a tolerance o f  ± 1 .5 %  in  each instance ; and the response shall n o t fall 
below  50 % o f  the m axim um  response for frequencies w ith in  1.5 % o f  the frequency o f  m axim um  
response ;
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2.2 In the absence o f  n o ise  and interference, the autom atic receiving equipm ent shall b e  capable  
o f  operating from  the alarm  signal in a period o f  n o t less than four and n o t m ore than six  
seconds ;

2.3 T he autom atic  receiv ing equipm ent shall respond to  the alarm  signal through interm ittent 
interference caused by atm ospherics and pow erful signals other than the alarm  signal, pre
ferably w ithout any  m anual adjustm ent being required during any period o f  w atch m ain 
tained by the e q u ip m e n t;

2 .4 T he equipm ent shall n o t be actuated by atm ospherics or by  strong signals other than the  
alarm  s ig n a l;

3 . T he autom atic  alarm  equipm ents, for b o th  transm ission and reception  o n  the calling and
. distress frequency o f  2182 kc/s, shall fulfil the fo llow in g  cond itions :

3.1 T he equipm ent shall be effective beyond the range at w h ich speech transm ission is satisfactory ;

3.2 The equipm ents sha ll be  capable o f  w ithstanding vibration , hum idity, changes o f  tem perature  
and variations in  pow er supply voltage equivalent to  the severe cond itions experienced on  
board sh ips a t sea, and shall continue to  operate under such cond itions ;

3.3 T he equipm ent sh ou ld  as far as practicable give w arning o f  faults that w ou ld  prevent the  
apparatus from  perform ing its norm al functions during w atch hours ;

4 . T hat before any type o f  au tom atic  alarm  equipm ent for transm ission and  reception  o n  the  
calling and distress frequency o f  2182 kc /s is approved for use o n  ships, the adm inistrations 
having jurisd iction  over th ose  ships should  be satisfied by practical tests, m ade under  
operating con d ition s equivalen t to  those obtain ing in  practice, that the equipm ent com plies  
w ith the provisions o f  § 1,2 arid 3 o f  th is R ecom m endation .

R E C O M M E N D A T IO N  N o . 126 *

P U L S E  T R A N S M IS S IO N  F O R  R A D IO  D IR E C T IO N  F IN D IN G

(Q uestion  N o . 61)

T he C .C .I.R ., (L ond on , 1953)

CONSIDERING *.

(a )  T hat certain studies, extending over m any years, o f  the errors o f  direction finders sh ow  that, 
under ideal co n d ition s o f  site, equipm ent and operation , the use o f  pu lse transm issions 
offers on ly  a slight im provem ent in  accuracy over the use o f  continuou s w ave transm issions ;

(b )  T hat, in practice, u n avoidab le  departures from  the ideal cond itions referred to  in  (a )  w ould  
tend to  reduce th is im provem ent in accuracy ;

(c )  T hat, for reasons o f  interference, their w ide bandw idths m ake the use o f  pu lse transm issions 
o n  frequencies be low  20 000 k c /s  generally undesirable ;

RECOMMENDS :

1. T hat the forego ing  consideration s should  be brought to the notice  o f  the adm inistrations 
and other organisations concerned.

* This Recom mendation completes the study o f  Question N o. 61.
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A N N E X

T he fo llow in g  errors in high-frequency direction finding can  occur :

1. O bservational errors introduced by the operator ;

2. Instrum ental errors, including p olarization  errors and those due to deficiencies o f  the d irection
finder site ;

3. Errors due to  radiation scattered from  topograph ical features m any w avelengths distant
from  the direction finder ;

4. Errors due to  lateral deviation  in the ionosp here ;

5. Errors due to  w ave interference caused by convergence o f  rays and by different m odes o f
propagation.

T he advantage o f  a  pulse em ission  over a continuou s-w ave em ission  lies in  its ability  to  a llow  
signals arriving over different paths to  be separated, and so  to  reduce errors arising from  sources
4. and 5. above.

The degree o f  accuracy to be expected from  the use o f  pu lse em issions for  radio direction
finding has been studied, and it is estim ated that, in m ost favourable circum stances, for a frequency
o f  abou t 8000 kc/s, the standard deviation  o f a  single rapidly observed bearing m ight be abou t 3 
degrees for a continuous-w ave em ission  and abou t 2 degrees for a pulse em ission . T he correspond
ing  figures for the m ean o f  ten such bearings taken in a period o f  five m inutes are : continuou s-  
w ave 2.5 degrees, pu lse 1.7 degrees.

R E C O M M E N D A T IO N  N o . 127 *

S T A N D A R D IS A T IO N  O F  P H O T O T E L E G R A P H  A P P A R A T U S  F O R  U S E  
O N  C O M B IN E D  R A D IO  A N D  M E T A L L IC  C IR C U IT S

(Q uestion  N o . 58)

T he C .C .I.R ., (S tockholm , 1948 —  L ond on , 1953)

CONSIDERING :

(a )  T hat in order to  facilitate interw orking it is desirable to  standardise the characteristics o f  
apparatus em ployed  for photo-telegraph transm ission  over lon g  distance H F  (decam etric) 
circuits ;

(b )  T hat it is desirable to  standardise certain characteristics o f  the apparatus in such a w ay as 
to  m ake it equally suitable for transm ission over m etallic  circuits ;

(c )  T hat the transm ission system  using direct am plitude m odu lation  is generally unsatisfactory  
over H .F . radio circuits because o f  the intolerable fad ing ratio usually  encountered ;

(d )  T hat the tim e m odu lation  system  gives insufficiently go o d  defin ition  ;

( e )  T hat the system  o f  direct frequency m odu lation  o f  the radio frequency carrier is n o t yet 
w idely adop ted  for  the transm ission o f  ha lf-tone pictures ow ing to  the h igh stability necessary  
in  the frequencies representing the picture tones ;

* The present Recommendation, in conjunction with Resolution No. 15 and Question No. 95 (IX) completes the study of 
Question No. 58.



— 161 —

( f )  T hat the system  o f  sub-carrier frequency m odulation  (i.e. in w hich a sub-carrier is frequency  
m odu lated  and the resultant is u sed  to m odulate in  am plitude a radio frequency carrier) has  
proved satisfactory but requires standardisation in respect o f  the sub-carrier and deviation  
frequencies, taking into  accou nt the values o f  picture m odulation  frequencies to  be tra n sm itted ;

(g )  T hat, taking in to  accou nt the degree o f  tolerable distortion, the effect o f  m ultipath  echoes  
on  lon g  distance H F  (decam etric) radio circuits norm ally lim its the m axim um  adm issib le  
picture m odu lation  frequency to  approxim ately 600 c /s ;

(h )  T hat a Joint Study G roup o f  the C .C .I.T . and  the C .C .I.R ., under the d irection o f  the C .C .I.T ., 
has been form ed to  study certain aspects o f  the subject o f  “ T ransm ission  o f  ha lf-tone  
pictures over com bined  radio and m etallic circuits ”  and, having m et at the C .C .I.T . V llth  
Plenary A ssem bly, A rnhem  1953, issued draft R ecom m endation  N o . D .4  (C .C .I.T . D o c . 
N o . A P  V II/95 refers) w h ich  w as approved by the C .C .I.T . V llth  Plenary A ssem bly.

( i)  T hat the C .C .I.F . has undertaken the study o f  the effects o f  land-line characteristics on  the  
transm ission o f  sub-carrier frequency m odu lation  phototelegraph signals (see C .C .I.F . 
Q uestion  N o . 12) ;

UNANIMOUSLY RECOMMENDS : '  .

T hat in  respect o f  transm ission  o f  half-tone pictures over com bined radio and m etallic circuits :

1. O ver the radio path , the sub-carrier frequency m odu lation  system  sh ou ld  be used w ith  the 
fo llo w in g  characteristics :

(a )  Sub-carrier frequency . . . . .  1900 c /s  .

W hite f r e q u e n c y ........................   . 1500 c /s  (the 1500 c /s frequency is a lso  used  for  the
phasing frequency) ■ ' 1

B lack f r e q u e n c y   2300 c/s

(b )  Stability  o f  frequencies such that the variations are less than :

Instantaneous . . . . . . . .  8 c /s

D u ring  15 m inutes . . . . . .  16 c/s

2. F o r  the present, the fo llow in g  alternative characteristics should  be used :

Index of co -o p e ra tio n ..........................
Speed of rotation of drum in r.p.m.

352
60

264
90 45 (lower speed for use when radio

propagation conditions demand it)

3. Amplitude modulation shall be the normal method for the transmission of pictures over 
international metallic telephone circuits, and where metallic and radio paths are combined 
in a picture circuit the translation from amplitude to sub-carrier frequency m odulation shall 
be carried out a t the junction of the radio and metallic paths ;

4. Notwithstanding what is stated in § 3 above, it shall be allowable in special cases, and par
ticularly where the service is permanently point-to-point and the line conditions permit, to 
employ the system of sub-carrier frequency m odulation throughout the c irc u it;

5. F or the present it is desirable when using sub-carrier frequency modulation to use a frequency 
deviation which is a linear function of. the brightness of the picture element transm itted 
moreover, a t a point of conversion (from amplitude modulation to frequency modulation 
or vice versa) the converters should be given linear characteristics ;



6. T hat the C .C .I.T . recom m endations concerning scanning helix , drum  d im ensions, stability  
o f  speed o f  rotation  o f  the drum , and equalisation  o f  drum  speeds o f  the transm itter and  
receiver, contained  in C .C .I.T . R ecom m end ation  N o . D . l ,  should  be em ployed .

N ote . —  T he question  o f  the m inim um  drum  length  eventually  to  be recom m ended is under  
study by the C .C .I.T . (see C .C .I.T . Q uestion N o . 48).
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R E C O M M E N D A T IO N  N o . 128

W ID E -B A N D  R A D IO  S Y S T E M S  O P E R A T IN G  IN  T H E  
V H F  (M E T R IC ), U H F  (D E C IM E T R IC ) A N D  S H F  (C E N T IM E T R IC ) B A N D S  

Sub-control Stations

(S tu d y  P ro g ram m e N o . 28)

T he C .C .I.R ., '  (L on d on , 1953)

CONSIDERING :

(a )  T hat it  is norm al practice in  m ulti-channel te leph ony to  divide h igh frequency cable system s  
for m aintenance, supervision and m onitorin g  purposes in to  line-regulated section s ;

(b )  T hat the length  o f  such sections (w hich m ay include several relays or repeaters) varies w ith  
circum stances but is generally o f  the order o f  100 m iles (160 k m ) ;

(c )  T hat supervisory, control and p ilo t signals are extracted and  reinserted a t the end o f  such  
sections in  stations called  sub-control stations ;

UNANIMOUSLY RECOMMENDS :

T hat in  all cases where there is a  jun ction  betw een a w ide-band m ulti-channel te leph ony  
cable system  and a radio system , and where each system  conta ins at least one interm ediate  
repeater station , th is jun ction  should  be m ade a su b-contro l station  (i.e. the ju n ction  o f  tw o  
regulated sections), n o t necessarily attended.

R E C O M M E N D A T IO N  N o . 129

M E T H O D S  O F  S P E C IF Y IN G  T H E  P O W E R  S U P P L IE D  T O  A N  A N T E N N A  
BY A R A D IO  T R A N S M IT T E R

(Q u estio n  N o . 60)

T he C .C .I.R ., (L ond on , 1953)

CONSIDERING : •

(a )  T hat the R ad io  R egulations, A tlantic  C ity, 1947, A rt. 1, Section  IV , N o s . 60-64, call for  the  
use o f  peak  pow er in specifying the pow er o f  a radio transm itter, but perm it the use o f  m ean  
pow er in  cases where the peak pow er specification  is n o t satisfactory or a d e q u a te ;
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(b )  T hat in  som e cases the pow er o f  the unm odulated  carrier m ay be a preferable m ethod  
o f  rating the pow er o f  a  transm itter w ith  regard to m onitoring and interference producing  
capabilities ;

(c )  T hat, a lthough  the tw o alternatives provided in  the R ad io  R egulations m ay n o t alw ays be  
adequate for all the uses m ade o f  transm itter pow er ratings, there is n o  satisfactory alternative  
form  o f  specification  im m ediately  availab le ;

(d )  T hat there is n o  g o o d  reason for n o t specifying the pow er o f  a radio transm itter in a num ber  
o f  w ays sim ultaneously, as lo n g  as each w ay can be show n to  be necessary ;

UNANIMOUSLY RECOMMENDS :

1. T hat, for  the tim e being the provisions o f  the R ad io  R egulations, A tlantic  C ity, 1947, 
Art. 1, Section  IV , N o s . 60-64 need n o t be altered ;

2. T hat other m eth ods o f  specifying and m easuring the pow er o f  radio transm itters should  be 
included  w hen th is is justified.

R E C O M M E N D A T IO N  N o . 130 *

P O W E R  R E L A T IO N S H IP S  F O R  M O D U L A T E D  E M IS S IO N S

(Q u estio n  N o . 59)

T he C .C .I.R ., (L ond on, 1953)

CONSIDERING :

(a )  T hat the m odu lated  signals likely to  be used for field strength m easurem ents can  be divided  
in to  tw o classes :

C lass 1 : w here the radiated pow er is w holly  or largely independent o f  the degree o f  
m od u la tion  ;

C lass 2 : w here the radiated pow er is largely dependent on  the degree o f  m odulation .

(b )  T hat for m odu lation  by speech, m usic or conversation , or by certain other form s o f  in tel
ligence, the pow er relationsh ips o f  the m odulating signal are variable ;

UNANIMOUSLY RECOMMENDS :

1. T hat for  signals o f  C lass 1 it  should  suffice, for m ost field strength m easurem ents, to  specify  
the unm odulated  carrier pow er ;

2. T hat for signals o f  C lass 2, w hen  it is necessary to  m ake field strength m easurem ents o f  high  
precision , it appears desirable for the tw o term inals to  co-operate, either by recording the  
transm itter ou tp ut pow er w ith  an instrum ent having sim ilar characteristics to  those  o f  the  
field strength recorder or by the transm ission  o f  special signals.

* This Recommandation completes the study o f  Question N o . 59.



RECOMMENDATION No. 131

IN T E R F E R E N C E  T O  R A D IO  S E R V IC E S  *

T he C .C .I.R ., ' (L ondon, 1953)

c o n s i d e r i n g :

(a )  T hat the study o f  certain aspects o f  interference, affecting sou nd and te lev ision  broadcasting, 
especially  from  industrial sources, is already entrusted to  the Specia l In ternational C om m ittee  
o f  R ad io  Interference (C .I.S .P .R .) adm inistered by the In ternational E lectrotechnical C om 
m ission  ( I .E .C .) ;

(b )  T hat the C .C .I.R . in  accordance w ith R ecom m end ation  N o . 27 o f  the V th  Plenary A ssem bly  
(S tockholm , 1948) m aintains regular contact w ith  the C .I.S .P .R . ;

( c)  T hat the harm onious co-existence o f  radio services w ith  industrial insta lla tion s producing  
radio oscillations involves c lose  co llaboration  betw een organisations representing the m anu
facturers and users o f  these installations o n  the one hand, and  the radio services o n  the  
other, for  w h ich  the existing collaboration  betw een the C .C .L R . and  the C .I.S .P .R . provides ;

(d )  T hat the C .I.S .P .R . has aiready studied and is continuing to  study extensively the perm issible  
signal/interference ratios for  sou nd and te levision  broadcasting, but has n o t yet m ade  
equivalent studies for  other radio services ;

RECOMMENDS :

1. T hat the existing co llaboration  betw een the .C .C .I.R . and  the C .I.S .P .R . sh ou ld  be actively  
m aintained and extended ;

2. T hat in  the course o f  such co llaboration  the C .C .I.R . sh ou ld  bring to  the notice  o f  the  
C .I.S .P .R . those aspects o f  the w ork that are o f  the greatest urgency, so  far as the C .C .I.R . 
is concerned, so  that the results o f  their work can be used in  future by the C .C .I.R . ;

3. T hat the study o f  interference to  radio services, required by R eso lu tio n  N o . 5 annexed to  
the International T elecom m u nication  C onvention , B uenos A ires, 1952, sh ou ld  be carried  
ou t by the C .C .L R .’s continuin g  to study the m axim um  interference levels (including  
radiations from  industrial scientific and m edical equipm ent) to lerable in  various radio  
system s, w h ile avoid ing duplication  o f  the w ork already in  progress in  the C .I.S .P .R ., and  that 
the C .C .I.R . should  transm it its findings to  the C .I.S .P .R . to  facilitate  the la tter’s study o f  
radio interference problem s ; ,

4. T hat the C .C .I.R . sh ould  continue to  take cognisance o f  th ose  aspects o f  this w ork  w hich  
relate specifically to  the study and establishm ent o f  co n d ition s necessary to  ensure the  
avoidance o f  harm ful interference betw een services w h ose operation  is covered  by the R ad io  
R egulations.

R E C O M M E N D A T IO N  N o . 132 

ID E N T IF IC A T IO N  O F  R A D IO  S T A T IO N S

(Q u estio n  N o . 17)

T he C .C .L R ., (G eneva, 1951 —  L on d on , 1953)

CONSIDERING :

(a )  T hat, in order to carry o u t an efficient m onitoring service o f  radio stations, it  is necessary  
for  these stations to  be identified as regularly as possib le  during their transm issions ;

* See Buenos Aires Resolution N o. 5.
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(b )  T hat in m any types o f  radio system s the identification procedure used at present is satis
factory to  b o th  the operating agencies and the regulating adm inistrations, as is the case for  
single channel low  speed telegraphy ; .

(c )  T hat the A tlan tic  C ity R ad io  R egulations (Art. 13, Section  V , § 10) set forth  requirem ents for  
transm issions o f  radio call signs, and state that each radio station  provided w ith  a call sign  
from  the in ternational series m ust, unless the A tlantic  C ity R ad io  R egulations provide other
w ise, transm it th is call sign during the course o f  their transm ission  as frequently as is practic
able and reasonable ;

(d )  T hat certain  types o f  radio stations are exem pted from  the necessity o f  having an international 
call sign, for  exam ple, stations w h ich  are easily  identified by other m eans and w hose signals 
o f  identification , or characteristics o f  em ission , are published in  international docum ents ;

(e )  T hat a satisfactory m ethod  for identifying m ulti-channel single-sideband transm issions has 
been evo lved  ;

( f )  T hat the problem  o f  accom plish ing identification  o f  m ulti-channel telephone and telegraph  
transm ission , except for  single-sideband system s, is particularly difficult w ithou t the use o f  
costly  specia l apparatus ;

(g )  T hat the requirem ent o f  frequently transm itting a call sign m ay im pose a difficult and costly  
hardship o n  the operating agencies, particularly where heavily  loaded m ulti-channel or h igh  
speed m achine operation  is em ployed  ;

(h )  T hat, w h en  a special call signal is transm itted sim ultaneously w ith traffic, it is desirable, 
for ease o f  identification, to  transm it a signal preceding the call sign to  ind icate that the call 
sign w hich fo llo w s is superim posed on  another em ission  ;

RECOMMENDS :

1.1 T hat each radio  station  required to  have an identifying signal under the provisions o f  the  
A tlan tic  C ity  R a d io  R egulations, Art. 19, should  send its ca ll sign at the beginning and the  
end  o f  a transm ission , and as o ften  as practicable and reasonable during such transm issions ;

1.2 T hat the identify ing signal should  be in  International M orse C ode, F iv e -U n it C ode (Inter
national T elegraph A lphabet N o . 2) or in  speech m odu la tion  ;

1.3 T hat, w hen a num ber o f  stations w ork  sim ultaneously in  a com m on circuit, either as relay  
stations, or in  parallel on  different frequencies, each station  shall as far as is practicable and  
reasonable, transm it its ow n  call sign ; alternatively, each station  should  transm it the call 
signs o f  a ll sta tions w orking as a group on a com m on c ir c u it ;

2. T hat fo r  the purpose o f  identification one o f  the fo llow in g  special call signal em issions should  
be used  :

2.1 A  call signal em ission  em ploying International M orse C od e using class A l ,  A 2  or F I em ission , 
and transm itted  preferably at hand speed ;

2 .2  A  call signal em ission  em ploying F iv e-U n it C ode (International T elegraph A lphabet N o . 2) 
using class A l ,  A 2  or F I em ission, at a speed appropriate to  single channel w orking and  
preferably a t the standardised speed o f  50 bauds ;

2.3 A  call signal em ission  em ployin g  speech in  clear ;

3. T hat the identification  signal sh ou ld  be transm itted by o n e  o f  the fo llo w in g  m ethods :

3.1 F or  class F I  em issions, particularly for h igh speed or m ulti-channel working, the superposition  
o f  the call sign  in M orse C od e by am plitude keying  ; -
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3.2 F or  single-sideband em issions, by am plitude keying o f  the reduced carrier or o f  som e other  
p ilo t frequency ;

3.3 F or  facsim ile transm ission em ploying class A 4  em issions, by  M orse during the intervals o f  
traffic, or alternatively, sim ultaneously w ith  traffic, by am plitude m odu la tion  at a  frequency  
b elow  the low est used for  the facsim ile m odulation . W here single sideband transm ission  
is used , am plitude keying as in  3.2 above m ay be used ;

3.4 F or  the transm ission o f  a special call signal em ission  sim ultaneously  w ith  traffic, as covered  
in  3.1, 3.2 and 3.3 above or in  other w ays, the signal sent to  ind icate  that the ca ll signal that 
fo llow s is superim posed o n  another transm ission , should  be sen t in  the sam e m anner as the  
call signal, and the letters Q TT should  be used and incorporated in  the International Q -C ode  
(R ad io  R egulations A tlan tic  C ity 1947, A p p . 9) for this purpose ;

4. That, in order to  avoid  add itional com plex ity  in  the equipm ent and  operating o f  transm itting  
stations, every effort sh ou ld  be m ade to  provide m onitoring stations w ith equipm ent su itab le  
for the reception o f  call signals o f  a ll stations, regardless o f  the type o f  radio system  or class 
o f  em ission  ;

5. T hat, i f  the call signal can n ot be transm itted frequently or continuou sly , it w ou ld  facilitate  
the w ork o f  m onitoring stations i f  the call signal were transm itted in the period  from  10 
m inutes before, to  10 m inutes after, the hour (G .M .T .) ;

6. T hat adm inistrations be invited  to  specify the telephone and telegraph system s in  w h ich  the  
frequent transm ission o f  ca ll signals for identification  purposes constitu tes a  problem .

R E C O M M E N D A T IO N  N o . 133 *

ST A N D A R D S O F S O U N D  R E C O R D IN G  
F O R  TH E IN T E R N A T IO N A L  E X C H A N G E  O F P R O G R A M M E S

(Q uestions N o s . 42 an d  63)

T he C .C .I.R ., (G en eva , 1951 —  L on d on , 1953)

RECOMMENDS :

T hat the international exchange o f  recorded sound program m es betw een broadcasting  
organizations should  be by m eans o f  lateral cu t recording on  d isc  and single track m agnetic  
recording o n  tape, conform ing to  the technical standards given in

R ecom m end ation  N o . 134 for  disc  

R ecom m end ation  N o . 135 for tape.

* The present Recommendation, in conjunction with Recom mendations N os. 134 and 135, replaces R ecom m endations
N os. 81 and 86.
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ST A N D A R D S  O F S O U N D  R EC O R D IN G  
FO R  TH E IN T E R N A T IO N A L  EX C H A N G E  O F P R O G R A M M E S  

Lateral Cut Recording on D iscs

(Q uestions N o s. 42 a n d  63 —  R e co m m en d a tio n  N o . 133)

T he C .C .I.R ., (L ondon, 1953)

RECOMMENDS :

T hat lateral cut recording on  d isc should  be in  accordance w ith the fo llow in g  technical 
standards :

1. T ype o f  G roove:

(a )  C oarse G roove

—  M inim um  T op  W idth  : 0.004" (0.1 m m ),
—  M axim um  B o tto m  R adius : 0.0015" (0.038 m m ),
—  Included A n g le  : 80° to  90° ;

(b )  F in e  G roove

—  M in im um  T op  W idth : 0.002" (0.05 m m ),
—  M axim um  B o tto m  R adius : 0.0003" (0.0076 m m ),
—  Included A n gle  : 80° to  90°.

2. S p eed  o f  R o ta tio n :

331/3 r.p .m . ±  0.5% ,
78 r.p .m . ± 0 .7 % .

3. D irection  o f  R o ta tio n :  *

C lockw ise.

4. D irection  o f  C u t:

O utside to  inside.

5. Type o f  D isc :

L acquer coated  or processed .

6. M axim u m  D iam eter o f  D isc :

—  for 33 Vs' r.p .m . I 6V16* (408 m m ),
—  for 78 r.p .m . 121/3Z" (306 m m ).

7. C entre H ole  D ia m ete r:

+ 0 .0 5  m m

RECOMMENDATION No. 134 *

°-285" { io"0or ( 7-24 m m   ̂ _0 m m

M inim um  D iam eter o f  R eco rd ed  Surface:
—  for 33 V3 r .p .m . C oarse G roove : 7 1/ 2" (190 m m ),

F in e  G roove  : 4 3/4" (120 m m ),
—  for 78 r.p .m . 33/ f  ( 95 m m ).

* This Recommendation, in conjunction with Recommendations N os. 133 and 135, replaces Recommendations N os. 81
and 86. !
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9. N um ber o f  Plain G rooves:

A t S ta r t : M in im um  2, M axim um  4,
A t F in ish  : M inim um  2, M axim um  4.

10. M inim um  Inform ation to be S ta te d  on L a b e l:

—  B roadcasting O rganisation , ,
—  Program m e T itle,
—  Side N um ber,
—  T otal N u m ber o f  Sides,'
—  Reference N um ber, •
—  T otal P laying T im e o f  Program m e,
—  Speed o f  R o ta tio n  in r.p .m .,

Type o f  G roove.

(The last tw o item s sh ould  be m arked as prom inently  as possib le .)

11. R ecording C haracteristic

(a )  N o m in a l C haracteristic

W ith constant vo ltage  applied to  the input o f  the recording chain, the curve o f  
recorded velocity  * v. frequency sh ou ld  be that which results from  the superposition  
o f  the tw o fo llow in g  curves :

—  one rising w ith  frequency in conform ity  w ith  the adm ittance o f  a series co m b in a
tion o f  a capacity  and a resistance having a tim e constan t o f  450 m icroseconds,

—  the other rising w ith frequency in  conform ity  w ith  the adm ittance o f  a parallel 
com bination  o f  a capacitance and a resistance having a tim e constan t o f  
50 m icroseconds.

T his curve is show n in  the attached figure and is defined by :

N  (db) =  10 log (1 +  4 f2 t f )  -  10 log (1+ —  2 '.a )

where : f  =  frequency in  c /s , *

tx = 50 x l(P 6 seconds, 

t2 = 450 x 1(P6 seconds.

N ote. —  T his paragraph defines the relative velocities to  be recorded on  a
disc ; but to  ensure that the proper response is ob ta ined  on  reproduction  it  is
necessary to  use a pickup w ith a su itable stylus and w ith  w orking pressures low  
enough to  avoid  any appreciable deform ation o f  the d isc m aterial.

(b )  T olerance

D iscs for international interchange o f  program m es should  be recorded w ithin  
±  2 db o f  the N o m in a l Characteristic, taking as reference p o in t the value at 
1000 c/s.

A ny variation, for  exam ple that w hich results from  the app lication  o f  radius 
com pensation , should  be w ithin the stated tolerance!

N o te  on use o f  recording characteristic. —  W ithin  the U .S .A . a different 
characteristic w ill be used for  the interchange o f  program m es betw een broadcasting  
organisations but the C .C .I.R . characteristic will be used by the broadcasting  
o f  the U .S .A . for  international exchange.

* The recorded velocity is defined as that determined bv the Buchmann-Meyer Light Band Method.
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RECOMMENDATION No. 135 *

ST A N D A R D S OF S O U N D  R E C O R D IN G  
FO R  TH E IN T E R N A T IO N A L  E X C H A N G E  O F PR O G R A M M E S  

Single track recording on magnetic tape

(Q uestions N os. 42 an d  63 —  R e co m m en d a tio n  N o . 133)

T he C .C .I.R ., (L ond on, 1953)

RECOMMENDS :

T hat single track recording on  m agnetic tape sh ou ld  be in accordance w ith  the fo llo w in g  
technical standards :

1. S p eed  o f  Tape

3. Strength  o f  T ape:

T he tape sh ou ld  be suitable for use  on  a m achine exerting a m axim um  (transient) 
stress o f  2.2 pounds (1 kg).

4. D irection  o f  W inding:

direction during playing.

5. Tape S p o o ls:

T w o types o f  hub are accepted for  international program m e exchange :
F ig . 1 gives the principal d im ensions o f  the type m ore generally used in  E urope ; 
Fig. 2 gives the d im ensions o f  the hub  m ore generally used in  the U .S .A . ;
F ig . 3 gives the d im ensions o f  the flange used  w ith  the hub o f  F ig . 2 ;
F ig . 4 gives the m ain d im ensions o f  a typ ical m achine fitting to  receive the hub  

o f  F ig . 1 ;
F ig . 5 show s the m ain d im ensions o f  a  typical adaptor to  enable the E uropean  

type o f  m achine fitting to  receive the hub o f  F ig . 2.

6. M axim um  O utside D iam eter o f  the R ee l o f  T a p e :

F or hub o f  Fig. 1 : 11.4 inches (290 m m ),
F or  hub o f  F ig . 2 : 10.5 inches (267 m m ).

* In conjunction with Recommendations Nos. 133 and 134, this Recommendation replaces Recommendations Nos. 81 
and 86.

** The secondary speeds should only be used by prior agreement.

Prim ary speed : 15 inches/s ±  0 .5%  (38.1 cm /s ±  0.5% ) ;
Secondary speeds ** : 30 inches/s ±  0.5%  (76.2  cm /s ±  0 .5% ),

7Va inches/s ±  0.5%  (19.05 cm /s ±  0.5% ).
2. W idth o f  T ape:

0.250 inches 6.35 m m

T he tape sh ou ld  be w ound in such a w ay that it m ay be unw ound in an anti-c lockw ise
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7. Tape L e a d e r :

A  non -m agnetic  identification strip at least one m etre lon g  should  be placed at the  
beginn ing o f  the tape giving at least the num ber o f  the sp o o l and the reference 
num ber (see § 8 below ). This in form ation  should  be given on  the side o f  the leader  
continuou s w ith  the recorded side o f  the tape.

N ote . —  It is desirable, wherever possib le, that the non-recorded side o f  a  tape  
sh ould  be identified by som e form  o f  m arking continuou s throughout the length  
o f  the tape.

8. P rogram m e Iden tifica tion : '

A  label giv ing the fo llow in g  inform ation should  accom pany each  r ee l:

—  B roadcasting O rganisation ,
—  Program m e Title,
—  R eel N u m ber,
—  T ota l N u m ber o f  R eels,
—  R eference N um ber,
—- T ota l P lay ing  T im e o f  Program m e,
—  Speed o f  T ape (m arked as prom inently as possib le).

9. R eproducing C h aracteristics:

A  Standard R ep lay  C hain  is specified and recordings for program m e interchange should  
g ive a response w ithin  the tolerances stated below  w hen reproduced on  this Standard  
R eplay  C hain :

(a )  N o m in a l Characteristic
T he Standard R ep lay  C hain is defined as on e  having the sam e response as that 
o f  an “ idea l ”  reproducing head, the open-circuit vo ltage o f  w h ich  is am plified in  
an am plifier w ith  a response curve as specified below  :
F o r  tape speeds o f  15 in /s (38.1 cm /s) and 30 in /s (76.2 cm /s), the specified frequency  
response curve fa lls w ith  increasing frequency in  conform ity  w ith  the im pedance  
o f  a series com bination  o f  a  capacitance and a resistance having a tim e constant o f  
35 |i.s. T his curve is  show n in F igure 6 ;
F or  a tape speed o f  7 (4  in /s (19.05 cm /s) the specified frequency response curve  
falls w ith  increasing frequency in conform ity  w ith  the im pedance o f  a  series co m 
bin ation  o f  a capacitance and a resistance having a tim e constan t o f  100 us. This 
curve is sh ow n in F igure 7.

(b )  T olerances

T apes for  international program m e interchange should  be recorded so  that, w hen  
reproduced o n  a Standard R eplay C hain the response fa lls betw een upper and  
low er lim its defined as fo llow s for  tape speeds o f  15 in /s (38.1 cm /s) and 30 in /s  
(76.2  cm /s) :

U p per  L im it

—  from  50 c /s  to  100 c/s F alling  regularly by 1 db,
—  from  100 c /s  to  5 000 c /s  F lat,
—  from  5 000 c /s  to  10 000 c/s R ising  regularly by 1 db,
—  from  10 000 c /s  to  15 000 c /s  F la t ;

L ow er L im it

—t- from  50 c /s  to  100 c /s  R ising  regularly by 3 db,
—  from  100 c /s  to  7 500 c/s F lat,
—  from  7 500 c /s  to  15 000 c /s  F alling  regularly by 3 db ;

F rom  100 to  5000 c /s  the flat portions o f  the upper and  low er lim its are 2 db apart. 
T hese lim its are sh ow n in  F igure 8 ;
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F o r  a  t a p e  s p e e d  o f  7 * 4  i n / s  (19.05 c m / s ) ,  t h e  r e s p o n s e  s h o u l d  f a l l  w i t h i n  l i m i t s  

d e f i n e d  a s  f o l l o w s  :

U p per L im it

—  from  50 c /s to  10 000 c /s F l a t ;

L ow er L im it

—  from  50 c /s  to  100 c/s R isin g  regularly by 3 db,
—  from  100 c /s  to  5 000 c /s  F lat
—  from  5 000 c /s  to  10 000 c /s  F alling  regularly by 3 db ;

F rom  100 to  5000 c/s the flat portions o f  the upper and low er lim its are 2 db apart. 
T hese lim its are show n in F igure 9.

N o te s :

1. A n  “ idea l ”  reproducing head is defined as a ferrom agnetic reproducing head, the losses o f  
w hich are negligible. N orm ally  this m eans that the gap is short, that the arc o f  contact w ith  
the tape is lon g  com pared w ith the relevant w avelengths on  the tape and that the losses in  
the m aterial o f  the head are sm all.
W ith the reproducing heads used in practice, com pensation  for the head  losses m ust be added  
to  the replay am plifier.
W ith g o o d  replay heads a m ean value o f  th is equalization  m ay be used for  the tw o higher  
speeds and even for the three speeds.

2. T he open  circuit vo ltage developed  in a ferrom agnetic reproducing head depends on  the  
surface induction  * on the tape w hile it is in  contact w ith  the head. It has been fou n d  that, 
provided a coated  high coercivity tape is used, the surface ind uction  in free space w ill be  
altered, w hen the tape is p laced in  contact w ith  the head, by an approxim ately constant 
factor over the w h ole  range o f  w avelengths. U n der  these circum stances the relative surface  
inductions at different frequencies can be m easured by at least three m ethods that are described  
in the A nnex. F rom  such m easurem ents the departure o f  the response o f  a reproducing  
head  from  the “ ideal ’’ can be defined, and  consequ en tly  a Standard R ep lay  C hain can be  
established as a prim ary standard. Test tapes can then be m ade w hich can serve as secondary  
standards for use in norm al operation.

N o te  on Use o f  R eproducing C h aracteristics:

A  different Standard R eplay C hain has been adop ted  in  the U .S .A . for 15 in /s (38.1 cm /s). 
T he difference betw een the nom inal characteristics o f  the Standard R eplay  C hain o f  the  
U .S .A . and that o f  the C .C .I.R . is less than the to lerance in § 9.
Furtherm ore a different characteristic is used in  France for  30 in /s (76 .2  cm /s).

A N N E X

M ethods o f  m easuring the m agnetisation o f  a  tape.

There are tw o general w ays in w hich the surface induction /frequency characteristic o f  a  tape  
m ay be determ ined :

1. B y m eans w hich do n ot affect the surface induction . T his im plies the use o f  a n o n 
m agnetic reproducing device. F or exam ple, reproduction by m eans o f  a sim ple non-m agnetic  
conductor p laced  in  the field at the surface o f  the m ovin g  tape is practicable as a laboratory  
m eth od  and  m ay therefore be used to  establish  a prim ary standard. T his can be used  to  
determ ine the relative change o f  surface ind uction  w ith  w avelength  created by the presence  
o f  a m agnetic head.

* In this document and in the Annex the term surface induction means the normal surface induction, that is to say, the flux 
density at right angles to the surface o f the tape. -
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2. B y m eans o f  a  m agnetic reproducing device, w hich necessarily affects the surface induction  
o f  the tape in  a m anner dependent on recorded w avelength. In this category there are tw o  
w ays in w h ich  conventiona l m agnetic heads have been  used, one m eth od  involving heads 
w ith a short gap, the other involv in g  heads w ith  a lo n g  gap. v In both  cases the gap in  the  
reproducing head  m ust be sufficiently accurate, m agnetically , to  give w ell-defined m inim a  
o f  reproduced level, one in the short gap m ethod or several in the lon g  gap m ethod. In order 
to  ensure that the sam e results w ill be  obtained w ith  b o th  m agnetic and  non-m agnetic  
reproducing devices, a coated  h igh  coercivity tape m ust be used.

(a )  The “ S h ort Gap  ”  M eth o d :

T he longest w avelength at w hich a m inim um  o f  reproduced level occurs is called  the  
effective gap length  : d. T he necessary correction for  the gap length  is  calculated on  
the assum p tion  that output is proportional to

tc d

This correction m ust n o t exceed 5 db at the shortest w avelength  considered. A ny  
necessary correction  for eddy current losses m ust also  be determ ined, for  exam ple, by 
com paring outputs at various tape speeds or by the use o f  an  inducing loop . O nce 
these corrections are kn ow n  and app lied , the head  m ay be used as an  “ ideal ”  head to  
m easure relative surface ind uction s on the tape over the w avelength  range considered.

(b )  The L ong Gap  ”  M e th o d :

In this m eth od  a head is used  w ith a gap som e 50 tim es longer than that o f  the norm al 
reproducing head. In  practice an erase head can usually  be adapted for  the purpose.- 
T he response o f  such  a head  should  show  a series o f  w ell defined m axim a and m inim a  
as show n in  F igu re 10.

A  curve through the successive m axim a is a m easure o f  the relative surface induction  
o n  the tape, w hen  the necessary correction for the eddy current losses o f  the head  has 
been  m ade. T his curve rises approxim ately 2 d b /octave * com pared  w ith  the curve o f  
surface ind uction /freq uency  in  air as determ ined by a non-m agnetic  reproducing device, 
or by a “ short gap ”  head. T his correction m ust therefore be a p p lie d .'

T he precise steps by w hich  the procedures o f  2 ( a )  and (b)  m ay be applied in  practice are 
outlined in the fo llow in g .

Standardisation  by  the S h o rt Gap M agn etic  H ead.

U sin g  the Short G ap M eth od  a recording equipm ent is set to  the standard con d ition  in  the  
fo llo w in g  w ay :

1. A  “ glid ing ton e  ”  is recorded on  a tape and reproduced by m eans o f  the head  to  be used for  
the m easurem ents. T he longest w avelength at w h ich  the outp ut disappears is noted . This 
w avelength w ill be  equal to  the effective gap length, from  w hich the gap correction  m ay be 
deduced. I f  this correction  exceeds 5 db the head is unsu itab le for  this m easurem ent.

* Note by the Director, C.C.I.R. — The wording of this paragraph is as approved during the V llth  Plenary Assembly of
the C.C.I.R. As this volume goes to press the attention of the Director has been drawn by the Chairman and some members of
Study Group No. X to an error which results from an oversight :

fo r : “ This curve rises approximately 2 db/octave” ,
read : “ This curve falls approximately 4 db/octave” .
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Since the m easurem ent m ust take place at a very short recorded w avelength, a h igh  coercivity  
tape should  be used, and a certain am ount o f  pre-em phasis w ill be fou n d  useful. In  order  
to  a vo id  m aking the m easurem ents at an unnecessarily  h igh  frequency the low est tape speed  
availab le  should  be used.

2. T he tape w ith  the glid ing tone is reproduced at tw o different speeds and the ou tp ut curves 
are com pared. I f  the curves can be brought to  co in cidence by disp lacing one frequency scale  
so  that equal w avelengths coincide, it m ay be assum ed that frequency-dependent losses are 
negligib le. I f  not, these losses m ay be deduced from  the tw o curves m entioned  or, alternatively, 
from  a m easurem ent w ith  an inducing loop .

3. T he frequency response o f  the reproducing chain  is n ow  adjusted to be that specified in  
§ 9 (a )  o f  this R ecom m end ation  together w ith  the gap correction  noted  in 1. above and the  
com pensation  for frequency dependent losses noted  in  2. above.

4. T he recording equalization  is then adjusted so  that a  flat overall response is obtained.

Stan dardisation  b y  the L ong Gap M agnetic  H ead .

U sin g  the L on g  G ap M ethod  a recording equipm ent is set to  the standard co n d ition  in the
fo llo w in g  w ay : .

1. T he reproducing head  used has a w ell-defined gap lo n g  en ou gh  to  give successive m axim a  
o f  response at intervals o f  1 kc/s, or less, in the aud io  frequency range (w ith a tape speed  
o f  30 in /sec  (76 .2  cm s/sec) the gap length  required w o u ld  be abou t 800 m icrons). I f  the  
successive m inim a in the response curve are n o t equally  w ell defined the head  is n o t su itab le  
for th is m easurem ent. A  short prelim inary experim ent is carried o u t to  determ ine the ex a ct  
frequencies at w hich successive m axim a occur at the relevant tape speed.

2. A  “ g lid ing ton e  ”  test tape o f  the audio frequencies o f  m axim um  level is then recorded w ith  
constan t vo ltage input to  the recording chain  and the tape is reproduced using the lo n g  gap  
head. T he open  circuit voltage o f  the head  around these frequencies is then p lo tted  against 
frequency, and a sm ooth  curve is drawn through  the successive m axim a.

3. T he tape w ith the glid ing tone is reproduced at tw o different speeds using the lon g  gap head  
and  the output curves are com pared. I f  the curves can be brought to  coincidence by disp lacing  
one frequency scale so  that equal w avelengths co in cid e  it  m ay be assum ed that frequency-

• dependent losses are negligible. I f  not, these losses m ay be deduced from  the tw o curves 
m entioned  or, alternatively, from  a m easurem ent w ith  an inducing loop.

4. W hen the curve drawn in  § 2. has been corrected by a 6 d b /octave  rise w ith  increasing fre
quency together w ith  the correction for frequency-dependent losses, and a correction  o f  
2 d b /octave falling w ith  increase o f  frequency, the result defines the relative surface inductions  
o n  the tape.

5. T he equalization  o f  the recording am plifier is n o w  altered to  ob ta in  a characteristic o f  surface  
induction /frequency that is the inverse o f  the equalization  specified for the reproducing  
chain  (w ithout allow ance for the replay head  losses).

6. T he reproducing am plifier equalization  is then adjusted so  that a flat overall response is
ob ta ined  w hen  using a norm al reproducing head. -
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Label

Outer hub diameter : 70 to 100

F ig u r e  1

EUROPEAN STANDARDS 

Spool hub fo r magnetic tape recording

Note. —  The dimensions indicated are given in millimetres



2 slots and 
2 holes identical

.010 r  (0,25 p )

Aluminium or an equivalent weight material 
shall be used

3 slots identical

The 3.875, 3.250 and 3.000 
diameters (98.4, 82.5 and 
76.2) to be concentric 
within .005 (0.12)

This diameter shall not 
change by more than .004 
(0.1) when bare hub is 
wound with 2400 feet 
(730 m) o f .250 x  .0022 tape 
(6 .3 5 x 0 .0 5 ) at constant 
tension o f 5.5 oz (155 gr)

Diameters measured at 
these two edges shall not 
differ by more than .002 
(0.05)

3 holes identical 2  slots identical

Unless indicated otherwise, break sharp edges to .004 r (0.01 r)

F i g u r e  2

U.S.A. STANDARDS 

Hub for magnetic tape reel

Note. —  Unless otherwise indicated, all dimensions are in inches, with corresponding figures in 
millimetres in parenthesis.



Tape attach
ment tab : to  
be sm oothed  
to eliminate 
all sharp edges

.187 ±.oo5 (4 ,7  t  0,12)

,  t  v r h  - , „ „ +-oo°  / „ ,  * o , o \--+ .010 ( 1 + 0 ^  .340  -.010 (8 ,6  -0,25)
125-000 ( 3 . 2 - 0,0 ) ' ------------

S — '1-9371.010 |C49,2 to ,25) 

.3 4 3 - 010 (8 ,7  -0,25y

Section SS enlarged

.051 (1.3) standard Mill 
Finish Aluminium

F i g u r e  3

U.S.A. STANDARDS

Flange fo r magnetic tape reel

The 10.500, 3.875, 3.250 
and 3.031 diameters (267, 
98, 82.5 and 77) to be 
concentric within ± .005  
(± 0 .1 2 ). Departure o f any 
point on flange from aver
age plane o f flange not to 
exceed ±  .010 ( ±  0.25).

Punch .190 (4.8) hole and 
dimple for N o. 6-32 flat 
head screw (dimensions 
given in other view) — 3 
holes

Note. —  Unless otherwise indicated, all dimensions are in inches, with corresponding.figures in 
millimetres in parenthesis.
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F i g u r e  4

EUROPEAN STANDARDS 

Typical machine fitting to receive hub o f  Fig. I

Note. — The dimensions indicated are given in millimetres.
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F ig u r e  5

Typical adaptor to enable the European type o f  machine fitting to receive hub o f  Figure 2

Note. —  Diameters marked th u s*  to be concentric within 0.003".
U n less otherwise indicated, all dimensions are in millimetres, with corresponding figures in inches 

in parenthesis.



R
el

at
iv

e 
R

es
po

ns
e 

of 
R

ep
la

y 
A

m
pl

ifi
er

 
in 

db

Frequency

F ig u r e  6

N om inal Reproducing Characteristic for Magnetic Tape at 15 in/s and 30 in/s
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F ig u r e  7

Nom inal Reproducing Characteristic for Magnetic T ape.at 7%  in/s
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Level

Frequency
F i g u r e  8

Recording tolerance for the speed o f 15 and 30 in/s. Limits within which the response 
should lie when reproduction is carried out on the Standard Replay Chain.

Level

Frequency
F ig u r e  9

Recording tolerance for the speed of 7x/2 in/s. Limits within which the response 
should lie when reproduction is carried out on the Standard Replay Chain.
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Typical Response curve o f a “ Long Gap ” Reproducing head
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S IN G L E  S ID E B A N D  S O U N D  B R O A D C A S T IN G

( Q u e s t i o n  N o .  6 2 )

T he C .C .I.R ., (L ondon, 1953)

CONSIDERING :

(a )  T hat the results o f  a series o f  laboratory experim ents (see L ond on  D oc. N o . 305) on the use 
o f  SSB or A SB  transm issions for H F  (decam etric) broadcasting ind icate t h a t :

—  w ith  present types o f  H F  (decam etric) broadcast receivers n o  econ om y in the radio spectrum  
can  be obtained by changing from  double-sideband (D S B ) to  SSB or A S B  transm ission ;

—  a  relatively sm all saving (about 7% ) m ight be obta ined  by the use o f  SSB transm issions  
i f  substantial im provem ents were m ade in the selectiv ity  o f  receivers, but the m odifications  
cou ld  n o t be applied to  receivers already m anufactured ;

—  a greater saving (about 14% ) m ight -be obtained  by the use o f  SSB w ith  a “ tete-beche ”  
system  o f  channelling but this w ould  necessitate e laboration  in  the design o f  receivers, 
w hich  cou ld  n ot be applied to  receivers already m anufactured ;

—  closer carrier spacing m ight be possib le i f  low -pass audio-frequency filters cou ld  be added  
to  present receivers, but this w ou ld  be a lm ost equally true w hether app lied  to  the reception  
o f  SSB or o f  D S B  transm issions ;

(b )  T hat the use o f  SSB or A SB  transm issions for m edium -frequency broadcasting w ou ld  also  
necessitate considerable m odifications to  the receivers and, in  add ition , w ou ld  reduce the  
range obtainable for an acceptable distortion, from  a transm itter o f  given pow er ;

UNANIMOUSLY RECOMMENDS :

T hat these results be accepted as a conclusive answ er to Q uestion  N o . 62.

RECOMMENDATION No. 136

R E C O M M E N D A T I O N  N o .  1 3 7

U S E  O F  S Y N C H R O N IZ E D  T R A N S M IT T E R S  IN  H F  B R O A D C A S T IN G

( S t u d y  P r o g r a m m e  N o .  3 0 )

The C .C .I.R ., (L ondon, 1953)

UNANIMOUSLY RECOMMENDS :

T hat tw o synchronized transm itters at the sam e site, driven by a com m on  oscillator and  
m odulated by the sam e program m e in  the correct phase, m ay be considered  n o t to  introduce any  
appreciable deterioration in  reception

—  for non-overlapping service areas,
—  for  overlapping service areas at distances n o t m ore than abou t 1500 km .



RECOMMENDATION No. 138 *

M IN IM U M  P E R M IS S IB L E  P R O T E C T IO N  R A T IO  T O  A V O ID  IN T E R F E R E N C E  
IN  T H E  B A N D S  S H A R E D  W IT H  T R O P IC A L  B R O A D C A S T IN G

(Q uestion  N o . 4 **)

T he C .C .I.R ., (G eneva, 1951 —  L ond on , 1953)

CONSIDERING :

(a )  T hat it is necessary to  establish , as so o n  as possib le, a value for m inim um  perm issible pro
tection  ratio for broadcasting w ithin  the shared bands in the tropical zon e  ;

(b )  T hat operation  o f  broadcasting transm itters w ith  10 k c/s separation m akes it difficult to  
m easure the protection  ratio w ith  a receiver having an audio frequency cu t-o ff in excess o f  
5 k c/s ;

(c )  T hat, in the absence o f  sufficient inform ation  concerning n oise  values in various parts o f  the 
tropical zone, it is difficult to  state a value o f  m inim um  field to  w hich the m inim um  perm issible  
protection  ratio should  be m aintained ; how ever, this m inim um  field strength should  provide  
satisfactory reception a t the lim it o f  the broadcast station service area as provided by Art. 9, 
N o . 243, R ad io  R egu lations, 1947 ;

RECOMMENDS : '

1. That, for the present and  wherever practicable in the tropical zone, the ratio o f  m edian  
w anted broadcasting carrier to  m edian  unw anted carrier shall be  40 db to  provide a signal- 
to-interference ratio o f  n o t less than  23 db for 9 0 % 'o f the hours and 90%  o f  the days (ref : 
M exico C ity 1948/49, D o c . N o . 635, § 13) *** ;

2. T hat the protection  ratio thus defined should  be m easured at the output o f  a receiver provided  
w ith  a filter having an aud io  frequency cu t-off o f  5.0 k c /s **** ;

3. T hat, for the present, the protection  ratio, as defined in  § 1 above, sh ou ld  be m aintained  
throughout the broadcast service area in the tropical zon e  to  a m inim um  field strength o f  
200 m icrovolts/m etre or any low er value consisten t w ith satisfactory reception ;

4. T hat the cond itions o f  operation  required for broadcasting in  the tropical zon e  should  be 
com patib le  w ith  the p rotection  ratio required for other services outside the tropical zone, in 
accordance w ith Art. 3, N o . 90, § 5, o f  the R ad io  R egulations, 1947.

* This Recommendation replaces Recommendation No. 50.
** This Question has become Question No. 102 (XII).

*** Doc. No. 43 o f Washington refers, in particular, to the effect of long and short term fading.
**** practical consideration o f the frequency separation of adjacent channels requires the use of an audio frequency cut-off 

of 5 kc/s in the measurement in preference to 6.4 kc/s, appropriate corrections being applied, if considered necessary, to correspond 
to an audio frequency cut-off of 6.4 kc/s.
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D E S IG N  O F  T R A N S M IT T IN G  A E R IA L S  F O R  T R O P IC A L  B R O A D C A S T IN G

( Q u e s t i o n  N o .  7 0 ,  §  1 )

T he C .C .I.R ., (L ond on , 1953)

CONSIDERING :

(a )  T hat it is desirable to  use transm itting aerials for tropical broadcasting that cause, outside  
the service area, a  m inim um  o f  interference ;

(b )  T hat the aerials should  be econ om ical in  design and  sim ple in  operation  ;

( c) T hat R eport N o . 36 gives the principles on  w hich  aerials for tropical broadcasting sh ou ld  be 
designed and constructed ;

(d )  T hat it is desirable to  obtain  as m uch operational data as possib le  o n  tropical broadcasting  
using aerials designed on  these principles ;

RECOMMENDS !

1. T hat adm inistrations and organisations operating tropical broadcasting services sh ou ld  use  
aerial system s so  designed t h a t :

—  the pow er radiated is as large as possib le  at h igh angles o f  e levation  required for  the  
needs o f  the service area ;

—  a sufficient value o f  radiation  sh ould  be m aintained at angles o f  elevation  necessary to  
serve the fringe o f  the service area ;

—  the pow er radiated at angles o f  e levation  low er than those used to  serve the fringe o f  the  
service area is as lo w  as possib le  ;

2. T hat adm inistrations and  organisations sh ou ld  forw ard to  the C .C .I.R . reports o n  the oper
ation  o f  such aerials so  that an addendum  can be issued  to  R eport N o . 36 g iv in g  practical 
operational data concerning these aerials. T he data and in form ation  sh ould  be forw arded  
in  the fo llow in g  form  :

—  type o f  aerial system  used and its physical d im ensions in  relation  to  the frequency o f  
operation  ;

—  electrical characteristics— polar diagram  in  the vertical and the horizon ta l p lanes ;
—  pow er radiated by the a e r ia l;
—  siting o f  the aerial w ith respect to  the geographical configuration  o f  the area to  be served  

and the orientation  o f  the aerial w ith  respect to  N o rth  ;
—  hourly  averages of, field strength m easured, w henever practicable every 100 or 200 km , 

up to  a m axim um  distance o f  2000 km  in all d irections ;
—  fading characteristics o f  the received signal ;
—  influence, i f  any, o f  the orientation o f  the aerial w ith  respect to  the m agnetic m eridian ;
—  ground conductiv ity  in  the vicin ity o f  the aerial system  ;
—  any other inform ation  considered usefu l in respect o f  this R ecom m endation .

RECOMMENDATION No. 139



RECOMMENDATION No. 140

D E S IG N  O F  R E C E IV IN G  A E R IA L S  F O R  T R O P IC A L  B R O A D C A S T IN G

(Q u e s t io n  N o .  7 0 , § 3)

T he C .C .I.R ., ‘ (L ondon, 1953)

CONSIDERING : v

(a )  T hat for  the great m ajority o f  dom estic tropical broadcast listeners, on ly  sim ple aerials are 
practicable ;

(b). T hat the aerial has to  be both  cheap and sim ple to  install and it has to  be used  on  a num ber  
o f  frequencies w ith  fields at varying angles o f  incidence ;

RECOMMENDS :

1. T hat the directivity o f  receiving aerials cannot be relied u p on  to  im prove the signal/noise  
ratio ;

2 2  T hat it appears reasonable to  assum e that the aerial o f  the average listener can n ot be better 
than  that g iven  in  the R eport o f  the G eneva P lanning C om m ittee (1948) and this consisted  
o f  an  “ L  ”  type aerial w ith  horizon ta l and vertical lim bs, each 16 feet in  length  (4.80 m etres).

R E C O M M E N D A T I O N  N o .  141 *

A D D IT IO N  T O  A P P E N D IX  9 O F  T H E  R A D IO  R E G U L A T IO N S

(Q u e s t io n  N o .  2 8 )

T he C .C .I.R ., (G eneva, 1951 —  L ond on , 1953)

CONSIDERING :

(a )  T hat a code  should  n o t be inserted in the R ad io  R egulations unless it provides a sufficiently  
accurate assessm ent o f  the quality  o f  transm issions ;

(b )  T hat it w ou ld  be advisab le for a ll the adm inistrations to  use the sam e codes, and that the  
num ber o f  officially recognized  codes m ust consequently  be as restricted as possib le  ;

(c )  T hat the abbreviations in the Q code  are in  general inadequate for ob tain ing a clear idea o f  
the quality o f  a transm ission  ;

(d )  T hat the SIN P O  cod e  has been used for several years by som e adm inistrations

(e )  T hat the F R A M E  and R A F IS B E N Q O  codes have been used  for  a lon g  tim e but :

, —  the SIN P O  cod e  gives a m ore accurate description o f  the transm ission  quality than the  
F R A M E  cod e and is easier to  use ;

—  the S IN P F E M O  code is derived from  the SIN P O  cod e  by adding three letters relating  
to  specia l features o f  te leph one transm issions and is easier to  use than the R A F IS B E N Q O  
or R IS A F M O N E  cod e ;

* This Recommendation replaces Recommendation N o . 85.



ANNEX.

SINPO S ig n a l  R e p o r t in g  C o d e

s I N p o

Rating Degrading Effect of
Scale Overall

Signal Strength Readability
Interference " Noise Propagation (QRK)

(QRM) (QRN) Disturbance'

5 Excellent Nil Nil N il Excellent
4 G ood Slight Slight Slight G ood
3 Fair M oderate Moderate Moderate Fair
2 Poor Severe Severe Severe Poor
I Barely audible Extreme Extreme Extreme Unusable

SINPFEM O  S ig n a l  R e p o r t i n g  C o d e

s I
.

N p F E M o

Rating
Scale

Signal Strength

Degrading Effect of
Frequency 
o f Fading

Modulation
Overall

Interference
(QRM)

Noise
(QRN)

Propagation
Disturbance Quality Depth

Rating

5 Excellent Nil Nil N il N il Excellent Maximum Excellent
4 G ood Slight Slight Slight Slow G ood G ood G ood
3 Fair Moderate Moderate Moderate Moderate Fair Fair Fair
2 Poor Severe Severe Severe Fast Poor Poor or Nil Poor
1 Barely audible Extreme Extreme Extreme Very Fast Very poor Continuously

overmodulated
Unusable
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( f )  T hat the in form ation  w h ich  is n o t included in  the SIN P O  or SIN P F E M O  code m ay be trans
m itted  satisfactorily  by service m essage ;

UNANIMOUSLY RECOMMENDS :

1. T hat the SIN P O  and S IN P F E M O  codes described in the A n n ex  should  be included in  the  
R a d io  R egu lations ;

2. T hat, in  the m eantim e, these  signal codes m ay be p laced in service by interested operating  
agencies or adm inistrations at the earliest tim e that m ay be m utually  arranged betw een  
them . In  th is respect, the Secretary G eneral is asked to  circularize a ll adm inistrations to  
kn ow  if  they are prepared to  apply these codes by 1st January, 1952.

S pecia l rem arks.

(a )  A  signal report shall co n sist o f  the code w ord SIN P O  or S IN P F E M O  fo llow ed  by a five 
or e ight figure group respectively rating the five or e ight characteristics o f  the signal code.

(b )  T he letter X  shall be used  instead o f  a  num eral for  characteristics n o t rated.

( c)  A lth o u g h  the cod e  w ord  SIN P F E M O  is intended for telephony, either code  w ord m ay be 
used for  telegraphy or te leph ony as m ay be desired.

(d )  T he overall rating for  telegraphy shall be interpreted as fo llow s :

MECHANIZED OPERATION > MORSE OPERATION

5 Excellent 
4 G ood

3 Fair 
2 Poor 
1 Unusable

4-channel Time Division Multiplex 
2-channel Time Division Multiplex 
Single channel Start-stop Printer 
Marginal. Single Start-stop Printer 
Equivalent to 25 wpm Morse 
Possible B K ’s X Q ’s, call letters 

distinguishable

High Speed Morse 
100 wpm Morse

50 wpm M orse 
25 wpm Morse
Possible B K ’s, X Q ’s, call letters 
distinguishable

(e )  T he overall rating for  te leph ony shall be interpreted as fo llo w s :

(
OPERATING CONDITION QUALITY

5 Excellent 
4 G ood

3 Fair

2 Poor 
1 Unusable

Signal quality unaffected 
Signal quality slightly affected

Signal quality seriously affected. Channel 
usable by operators or by experienced 
subscribers

Channel just usable by operators 
Channel unusable by operators

|  Commercial 

|  Marginally commercial 

|  N o t commercial
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N O M E N C L A T U R E  O F  T H E  F R E Q U E N C Y  A N D  W A V E L E N G T H  B A N D S 
U S E D  IN  R A D IO C O M M U N IC A T IO N

( Q u e s t i o n  N o .  7 3 )

T he C .C .I.R ., (L ondon, 1953)

CONSIDERING :

(a )  T hat it is appropriate to retain the subdivision o f  frequencies and o f  w avelengths adopted  
by the International R ad io  Conference o f  A tlantic  C ity  (R ad io  R egulations, Chap. II, A rt. 2, 
N o . 85, § 10), w hich has been show n to  be o f  considerable practical value, since it is in fair • 
agreem ent w ith  the criterion o f  grouping together frequencies w ith  com m on  physical and  
propagation properties as w ell as a uniform  equipm ent constructional technique ;

(b )  T hat, how ever, frequency band denom ination by m eans o f  adjectives, superlatives and  
adverbs is inconvenient, am biguous and n o t readily extended  to  the ever w idening bands  
em ployed  in radiocom m unication  ;

UNANIMOUSLY RECOMMENDS :

T hat, by d oin g  aw ay w ith  a ll frequency band denom ination  by m eans o f  am biguous term s 
such a s : adjectives, superlatives, etc., it is proper to characterise bands by m eans o f  progressive w h ole  
num bers in accordance w ith  the fo llow in g  table, in tended to  be substitu ted , at a later conference  
o f  the I .T .U ., for that o f  the R ad io  R egulations o f  A tlantic  C ity (Chap. II, Art: 2, N o . 85, § 10).

RECOMMENDATION No. 142

Band Number Frequency Range 
(lower limit exclusive, upper limit inclusive) Metric subdivision

4 3 to 30 kc/s Myriametric waves
5 30 to 300 kc/s Kilometirc waves
6 300 to 3 000 kc/s Hectometric waves

' 7 3 000 to 30 000 kc/s Decam etric waves
8 30 to 300 Mc/s Metric waves
9 300 to 3 000 Mc/s Decim etric waves

10 3 000 to 30 000 M c/s. Centimetric waves
11 30 000 to 300 000 Mc/s Millimetric waves
12 300 000 to 3 000 000 Mc/s Deci-m illim etric waves

Note. — “ Band N  ” extends from 0.3 x 10N to 3 x  ION c/s.

R E C O M M E N D A T I O N  N o .  1 4 3

U N IT  S Y S T E M S

( R e s o l u t i o n  N o .  6 )

The C .C .I.R ., (L ond on, 1953)

CONSIDERING :

T hat the use o f  the rationalized M .K .S . system  (also  k n o w n  as the rationalized G iorgi system ) 
has been recom m ended by the International E lectrotechnical C om m ission  (T echnical C om m ittee  
N o . 24 m eeting, held  in  Paris o n  17th and 18th July, 1950) and that it is n ow  very w idely used  
by radio engineers and by the auth ors-o f radio pu b lications ;
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R ECOM M ENDS:

T hat adm inistrations and  private operating agencies sh ou ld  be encouraged gradually to  
adopt, in  their relations w ith  the I.T ,U . and its perm anent organs, the rationalized M .K .S . system  
(a lso  kn ow n  as the rationalized G iorgi system ).

R E C O M M E N D A T I O N  N o .  1 4 4

M E A N S  O F  E X P R E S S IO N  
T E R M S , D E F IN IT IO N S , G R A P H IC A L  A N D  L E T T E R  S Y M B O L S  

A N D  T H E IR  C O N V E N T IO N A L  U S A G E

( R e s o l u t i o n  N o .  5 )

T he C .C .I.R ., (L ondon, 1953)

CONSIDERING

(a )  T hat it is o f  im portance for  the ease and efficiency o f  the w ork o f  the C .C .I.s that m ean s*of  
expression  o f  a ll kinds (term s, sym bols, etc.) and the con d ition s o f  their use be rendered ahd  
m aintained  as un iform  as possib le ;

(b )  T hat the C .C .I.F . has finished its D raft L ist o f  D efin ition s o f  E ssential T elephone Term s, 
that the C .C .I.T . has m ade considerable progress in  its w ork o f  term inology and that a 
procedure for  coord in atin g  the vocabulary w ork o f  the three C .C .I.s is outlined in  R eso lu tion  
N o . 283 o f  the I .T .U . A dm inistrative Council ;

(c )  T hat the desired un ification  m eans avoiding, un less im peratively necessary, contradictions 
betw een the conventions accepted by the C .C .I.R . and those used by other qualified organiz
ations, especially  the International E lectrotechnical C om m ission  (I.E .C .) and  that efficient 
cooperation  m ust be secured for th is purpose, n o t on ly  in  the final stage o f  the w ork but also  
in the preparatory stages, i.e. at the level o f  each  o f  the participating countries ;

( d )  T hat the I.E .C . has on  its part sought m eans o f  cooperation  w ith the C .C .I.R . ;

(e )  T hat the A ustralian A dm in istration  has subm itted to  the C .C .I.R . (L ondon D oc; N o . 269) a 
p rop osa l to  the effect that the unification o f  graphical m eans o f  expression sh ould  n o t be  
restricted to  elem entary sym bols but should  be extended to  circuit diagram  lay-out, m aking  
them  o f  greater practical utility  to  the engineer by g iving each o f  the sub-circuits an  
appearance characteristic o f  the fun ction  it  fulfils;

UNANIMOUSLY RECOMMENDS :

1. T hat lists o f  the various categories o f  m eans o f  expression suitable for  the w ork o f  the C .C .I.R . 
(term s, defin itions, graphical and letter sym bols) and the conventions for  putting these m eans  
o f  expression  to  the best u se  sh ould  be prepared as so o n  as possib le  ahd kept up to  date as 
constan tly  as possib le , th is perm anent task  being entrusted to  the Study G roup N o . X IV  
specia lly  set up for  this purpose by the C .C .L R . ;

2. T hat each  adm inistration w ish ing to  cooperate  effectively in  this w ork should  nom inate  to  
the Study G roup concerned a “ national correspondent ” , and that the Study G roups o f  the  
C .C .I.R . should  app oin t “ representatives ”  w h ose technical qualifications are required for  
the efficient perform ance o f  this w ork ;

3. T hat the Study G roup concerned should  take all appropriate action for  coord ination  and  
cooperation  w ith the organizations active in this sphere, so  as to  avoid  useless duplication



o f  work already begun and harm ful divergences in results, this being particularly im portant 
with reference to  the C .C .I.F . and  the C .C .I.T . on  the one hand, and the International 
E lectrotechnical C om m ission  on  the o t h e r ;

4. T hat priority should  be given to  the preparation o f  that part o f  the I.T .U . vocabulary dealing  
w ith radiocom m unication, so  as to  ensure as so o n  as possib le  the pu blication  o f  the com plete  
vocabulary, for w h ich  the w ork done by the C .C .I.F . and the C .C .I.T . is m uch m ore advanced ; 
and for th is purpose :

4.1 T hat the I .T .U . vocabulary should  be published in  separate sections so  as to  avoid , both  for  
the ed ition  at present in  preparation and for any future revised ed itions, delay in the publication  
o f  certain sections n ot yet ready, m erely because o f  delays in  other section s ; that consequently  
a section should  be devoted to  each o f  the fo llow in g  subjects : telegraphy, telephony, radio
com m unication , term s com m on  to  all three branches o f  te lecom m unication  ;

4.2 That the in itial docum ent intended to  serve as a basis for  the “ rad iocom m u nication  ” section  
o f  the I .T .U . vocabulary, w hich w as drawn up during the V llth  P lenary A ssem bly  under the  
heading “ P repara tory  lis t o f  term s and definitions used b y  the C .C .L R . ”  sh ou ld  be co m 
m unicated to  the D irector o f  the C .C .I.R . for issue and distribution  to  the “ national cor
respondents ”  and “ represen tatives ”  referred to  in po in t 2 above, so  that they m ay exam ine  
i t ;

4.3 That replies to  this first consu ltation  be sent direct to  the Chairm an o f  the relevant Study  
G roup (N o . X IV ) ; that com m ents should  be m ade and am endm ents suggested  bearing in  
m ind the fact that the published section  w ill in principle contain  on ly  the term inology  peculiar  
to  the w ork o f  the C .C .I.R . and  n o t the term inology form ally adop ted  by the I.E .C . for its 
vocabulary ; so  that for  this com m on  term inology on ly  m ajor objections to the corresponding  
term s or their definitions need be m entioned ;

4.4  T hat the Chairm an o f  the Study G roup concerned sh ou ld  carry ou t in  the m ost su itab le  
m anner an analysis o f  the results o f  this first enquiry ; that he sh ou ld  then entrust the three  
“ national correspondents ” — o f the U .S .A ., U n ited  K in gd om  and France— w ith  the necessary  
translation w ork  for the b ilingual text (taking in to  accou nt differences in A m erican  and  
British term inology) required to  draw up a “ provision a l lis t o f  term s an d  definitions pecu liar  
to the w ork o f  the C .C .I.R . ”  ; that he should  then request the D irector o f  the C .C .I.R . to  
issue this docum ent and to  send it for study to  all the Study G roups and the adm inistrations  
participating in the work, on  term inology ;

4.5 T hat replies to  this second enquiry sh ould  be sen t to  the D irector o f  the C .C .I .R .; that the  
Chairm an o f  the Study G roup concerned should  carry ou t in  the m o st appropriate m anner  
an analysis o f  these replies ; that, w ith  the assistance o f  the Study G roup, the final text o f  the  
(bilingual) “ L is t o f  term s and  definitions pecu liar to the w ork o f  the C .C .I .R . ”  sh ou ld  then  
be drawn up, w hich w ou ld  then constitu te  the draft sections to  be p laced  before the jo in t Study  
G roup o f  the three C iC .I.s provided for  by the A dm inistrative C ou ncil o f  the I .T .U . ;

5. T hat w ork sh ou ld  also  be started on  m eans o f  expression  other than  those in  the vocabulary, 
so  long  as w ork o n  the latter is n o t thereby held  up, and using a procedure based  on the  
experience acquired.
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R E P O R T  N o . 3

R EV IEW  O F P U B L IC A T IO N S O N  P R O P A G A T IO N

(R ec o m m e n d a tio n  N o . 14)

(S tu d y  G ro u p s  N os. IV , V a n d  V I) *

(G eneva, 1951)

R ecom m end ation  N o . 14 served to  focus atten tion  o n  the extraordinary am oun t o f  effort 
w hich is being expended in  learning the facts o f  radio propagation  and in applying them  to  radio  
operations and to  in ternational contro l and adjustm ent o f  the various radio services. This great 
field o f  effort is illustrated by the review s prepared by eleven m em bers in  response to  R ecom m end
ation  N o . 14, w hich appear as A n nexes ** to  D o c . N o . 115 o f  W ashington. T hese review s in  
m ost cases report o n  the p eriod  1938 to  1948 inclusive. T he field  o f  radio propagation  w as 
sum m arized under C .C .I.R . auspices in  1937, covering progress up to  that tim e. T he results 
were g iven  in  “ R eport o f  C om m ittee  on  R a d io  W ave P ro p a g a tio n ” , w h ich  w as distributed  
by the B ureau o f  the In ternational T elecom m unication  U n io n  before the 1938 C airo C onfe
rence, and w as published  in  Proceedings, Institu te  o f  R adio  Engineers, 26 , pp. 1193-1234, 
(O ctober, 1938).

S ince 1937, w ork o n  radio propagation  has been exceed ingly  active and  extensive. T he  
phenom ena o f  the ionosp here have been intensively studied and the results increasingly applied  
to  the practical determ ination o f  optim um  frequencies for  long-d istan ce  transm ission  over any  
transm ission path  at any tim e. Propagation  via the troposphere has been v igorously  explored  
and m uch  has been learned, particularly regarding propagation  at V H F  and higher frequencies. 
M icrow ave propagation  has been  pioneered. G round-w ave propagation  has been reduced to  
quantitative calculation.

T he publications o n  radio  propagation  are scattered through m any scientific and  engineering' 
period icals and book s. R eferences to  these papers are given m onth ly  in  the lists o f  “ A bstracts  
and R eferences ”  published  in  W ireless Engineer and P roc. I .R .E . A nnual sum m aries o f  the  
w ork are g iven in the P roc. I .R .E . , entitled “ R ad io  Progress during 1 9 . . ” , published usually  
in  the M arch or A pril issu e each year. E ach o f  these review s has a section  o n  radio propagation. 
T he review s for 1938-1948 g ive references to  1025 published papers on  radio propagation. T hese  
annual review s o f  w ork o n  radio propagation  in  P roc. I .R .E . constitu te  a usefu l sum m ary o f  the  
work don e arranged in  ch ron o log ica l order.

It is thus clear that a  vast am oun t o f  w ork on radio propagation  has been go ing  on  and  
is continuing. This field is n o w  recognized as fundam ental to  radio operations and engineering. 
The w ork  in  progress is undertaken for  a variety o f  m otives and objectives. Som e o f  it is on  
basic physical ph en om ena, som e directed closely  to  specific engineering app lications, and all o f  
it is o f  interest.

* Study Group No. IV for ground wave propagation.
Study Group No. V for tropospheric propagation.
Study Group No. VI for ionospheric propagation.

** The reviews o f radio propagation work submitted by various countries appear as the following Annexes to Doc. No. 115 
of Washington :

Annex “ A ” Belgium Annex “ G ”
Annex “ B ” U.S.A. Annex “ H ”
Annex “ C ”  France Annex “ I ”
Annex “ D  ”  Italy Annex “ K ”
Annex “ E ”  New Zealand Annex “ L ”
Annex “ F  ”  United Kingdom

Sweden
Switzerland
Union of South Africa 
Netherlands 

. Canada



The exten t and value o f  the w ork on  radio propagation  is further illustrated by its extensive  
use in  recent international conferences. M any com pilations o f  m ethods o f  using ionospheric  
propagation  data and an extraordinary num ber o f  charts have been prepared for  and by recent 
in ternational conferences. These have been ind ispensab le in  the conference w ork and w ill be  
needed even  m ore in  the future. A s they were prepared hurriedly to  m eet specific needs, a 
valuable service cou ld  be rendered by review ing them  and, i f  found necessary, supplem enting  
them .

It is believed that no  other w orth-w hile specific guidance “regarding desirable future w o rk ”  
cou ld  be g iven  in  any overall m anner by the C .C .I.R . or any other body. O n the other hand, the  
questions established and the studies m ade by the C .C .I.R . do provide incentives and objectives 
which are taken in to  account by the adm inistrations, com panies, research institu tes and ind ividuals 
engaged in  radio propagation  work. T he effect o f  the C .C .I.R . w ork as a w h ole  up on  the various 
program m es o f  radio propagation  w ork w ill therefore provide the real answers to  R ecom m end ation  
N o . 14. T he m eans by w hich the C .C .I.R . enables the various p eop le  in  this field to  w ork together  
is a valuable m eans o f  furthering and co-ord inating the w ork.

T he C .C .I.R . Secretariat m ay be requested to  d istribute to  Study G roup chairm en c o n 
tributions w hich, in  the view  o f  an adm inistration, m ay be o f  interest to  other adm inistrations  
on  the subject o f  radio propagation  and w hich m ay be sent to  the C .C .I.R . Secretariat for that 
purpose.

T he choice  o f  new  Q uestions and other acts o f  future Plenary A ssem blies w ill in  fact be the 
“ regular recom m endations ”  envisaged in  Section  B  7 o f  R ecom m end ation  N o . 1 adop ted  by  
the International R ad io  C onference, A tlantic C ity, 1947.

R E P O R T  N o .  4  *

M E T H O D S  O F  M E A S U R IN G  F IE L D  S T R E N G T H

( Q u e s t i o n  N o .  8 )

( S t u d y  G r o u p  N o .  V )

(G eneva, 1951)

In  the fo llow in g  considerations o f  Q uestion N o . 8 o f  the C .C .I.R ., particular attention is 
given to  the ultim ate purpose for w hich radio field strength m easurem ents are m ade. U sua lly  
they are to  serve one o f  tw o purposes, as fo llow s :

1. T o provide an index o f  the serviceability o f  the radio signal for a g iven service ;

2. T o  provide an index o f  its interference-producing capabilities.

T o provide a serviceable signal at a given poin t, a rad io  station  m ust produce a radio field
at that p o in t such that the ratio o f  the radio field strength to  the interference field strength is
sufficiently large for a given percentage o f  tim e. U nder su ch  con d ition s the signal-to-interference  
ratio at the receiver output w ill exceed a given m in im um  value during the specified percentage o f  
tim e. Specification  o f  th is m inim um  signal-to-interference ratio  w ill determ ine the grade o f  service 
obtained. T he m inim um  ratio w ill, in general, vary w ith  the type o f  service.

T o  determ ine the transm itter pow er output needed  to  m aintain  the prescribed signal-to- 
interference ratio at the receiving poin t w ill require tak ing accou nt o f  both  the radio no ise  field  
strength m easurem ents and w ave propagation data. T he determ ination is com plicated  by the  
fact that there is a variation w ith tim e o f  the intensity o f  th e  signal field as w ell as o f  the inter
ference field.

In som e cases, a m uch m ore direct approach to  the problem  m ay be m ade w hich does n o t  
require separate m easurem ents o f  the field intensity o f  either the desired station  or o f  the inter
ference, nor interpretation o f  w ave propagation  phenom ena. In th is approach, on ly  signal-to-

* This Report was adopted unanimously.
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interference ratio m easurem ents are m ade at the output o f  the receiver, w ith constant transm itter 
pow er. W ith this m eth od , the pow er required for various grades o f  service m ay be directly  
determ ined.

F ield  strength m easurem ents have n ot only the fundam ental use ind icated  in  the foregoing, 
but also  the fo llow in g  uses : study o f  radio wave propagation  ; study o f  the efficiency, radiation  
patterns, and other characteristics o f  radio antennae ; study o f  tropospheric and ionospheric  
phenom ena ; and m easurem ents o f  the electrical properties o f  the ground.

T he fo llow in g  three paragraphs taken from  the 1948 R eport o f  the U .R .S .I . C om m ission  
on standards and m easurem ents, sum m arize current thought w ith  regard to  field strength  
m easurem ents :

“ In recent years little  im provem ent in .field strength m easurem ents up to  30 M c/s has 
taken place. A ccuracies o f  ± 2 0 %  are achieved. C onsiderable advances have taken place  
in the higher frequency range up to 10 000 M c/s. B etw een 30 Mc/„s and 600 M c/s the  
equipm ent is usually  calibrated by establishing a kn ow n radiation  field from  a loca l source ; 
w hile above 600 M c/s a  com parison  is m ade betw een the pow er radiated and the pow er  
received at a  fixed distance. Identical antenna system s o f  the w aveguide horn type are used  
at both  stations. Such field strength m easurem ents depend up on  reference standards o f  current, 
voltage or pow er and the resulting precision  is based u p on  these standards.

F acilities for  radio field strength m easurem ents are needed for  m any operations. 
A tm ospheric  and  radio n o ise  studies are becom ing m ore im portant. T his requirem ent, 
together w ith  the need  for field strength m easurem ents from  radar signals and unw anted  
electrical system  interference, has been m et in  the U n ited  K in gdom  by developm ent o f  
equipm ent su itable for pulse m odu lated  fields betw een 20 M c/s and 650 M c/s for a w ide range  
o f  pu lse w idths and  recurrence frequencies.

M any o f  the forego in g  problem s are o f  an  international character and an exchange  
o f  kn ow led ge o f  progress is desirable. There should  also  be an arrangem ent for  the inter- 
com parison  o f  m eth ods used  by different countries. A  m eth od  for the exchange o f  reference 
apparatus w ou ld  be valuab le and w ou ld  result in  an im provem ent o f  the international 
consistency o f  stan dards.”

R esp on se  to  m ost o f  the poin ts o f  Q uestion  N o . 8 are given in  separate R ecom m endations  
and R eports o f  the V lth  Plenary A ssem bly o f  the C .C .I.R .

R EPO R T N o .  5 *

M E A SU R E M E N T  O F FIELD  ST R E N G T H  

Respective M erits o f the two M ain Types of Equipment Now in U se

( Q u e s t i o n  N o .  8 ,  §  A . 6 )

( S t u d y  G r o u p  N o .  V )

(G eneva, 1951)

T he tw o m ain types g iven  in  Q uestion  N o . 8 o f  the C .C .I.R . are :

(a )  that in  w h ich  the loca lly  generated signal is injected directly in to  the receiving c ir c u it ;

(b )  that in  w hich a loca lly  generated field is applied to  the w ave co llector o f  the m easuring  
equipm ent.

* This Report was adopted unanimously..
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It is believed that the sam e degree o f  accuracy o f  field strength m easurem ents m ay be obtained  
by either m ethod , provided that equipm ent o f  su itab le design  is used and that careful insta llation  
and operating procedures are em ployed.

T he current state o f  m easurem ent technique generally d ictates the particular arrangem ent and  
type o f  m easuring equipm ent em ployed  in  a particular frequency range. M ethods em ployin g  direct 
injection o f  a  loca lly  generated signal in to  the receiver or the receiver-antenna circuit are m ost  
applicable for m obile  m easurem ents. M ethods em ployin g  either a loca lly  generated field or  direct 
injection  o f  a locally-generated signal into the antenna are m o st appl icable for prim ary calibration  
purposes.

T he locally-generated field m ay be produced by the u se  o f  a lo o p  antenna or d ip ole , the  
m easurem ents being m ade close  enough to  the antenna so  that the ind uction  field constitu tes an  
appreciable or a predom inant portion  o f  the to ta l field. A lternatively , the use o f  a standard field  
produced by a transm itting antenna at distances sufficiently large so  that the field is prim arily  
a radiation  field is generally preferred for calibration  o f  a receiving equipm ent by the substitu tion  
m ethod. In th is m ethod  the use o f  horizontal po larization , rather than vertical polarization , 
is to  be preferred where feasible. T he m ethod  can, how ever, be m ore subject to  site irregularities, 
and thereby give erroneous ind ications on  w aves arriving from  a distance.

E quipm ent also exists in  w h ich the reference voltage is introduced in to  the antenna, even  
w hen this antenna is distant from  the rest o f  the equipm ent. T his m ethod  elim inates errors due  
to  m ism atching and possib le attenuation in the transm ission  line betw een the antenna and  the  
receiver. It also  avoids possib le  errors due to  site irregularities.

F inally , it is noted  that it  is often  necessary to  take in to  consideration , in  choosin g  a m ethod , 
the convenience and availab ility  o f  equipm ent.

It is believed that the m ethods n ow  in use m ay be better described as fo llow s :

(a )  those  in  w hich the locally-generated signal is app lied  directly to  the receiver ;

(b )  those  in w h ich the locally-generated signal is app lied  to  the antenna o f  the receiver ;

(c )  those  in  w hich use is m ade o f  a locally-generated standard radiation  field.

R E P O R T  N o .  7  *

L O N G  D IS T A N C E  P R O P A G A T IO N  O F  W A V E S  O F  30 T O  300 M c/s
BY  W A Y  O F  IO N IZ A T IO N  IN  T H E  E  A N D  F  R E G IO N S  O F  T H E  IO N O S P H E R E

( Q u e s t i o n  N o .  7 ,  S e c t i o n  3 )

( S t u d y  G r o u p  N o .  V I )

(G eneva, 1951)
I. Introduction. .

Q uestion  N o . 7 o f  the C .C .I.R . asked that a  study be m ade for the frequency band ind icated  
above :

1. F or  ground-w ave transm ission

2. F or  transm ission through the troposphere, and

3. F or  transm ission to  lon g  distances by w ay o f  io n o za tio n  in  the E  and F  regions o f  the
ionosphere.

* This Report was adopted unanimously.
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T his study has n ow  been m ade, in  so far as section  3 is concerned, and th is R eport, together  
w ith D o c . N o . 124 o f  W ash ington  and D o c . N o . 72 o f  G eneva, form  an answer to  this part o f  
the Q uestion .

T his R eport sum m arizes the inform ation , contained in D o c . N o . 124 o f  W ash ington and  
in  D o c . N o . 72 o f  G eneva, as to  long-distance propagation o f  waves o f  30 to  300 M c/s, and as 
to  their interfering potentia lities at considerable distances. These tw o docum ents conta in  the  
detailed  in form ation  obtained from  studies m ade in  the U n ited  States o f  A m erica and in  the  
U n ited  K in gd om  respectively. T his R eport also em bodies inform ation from  D o c . N o . 136 o f  
G eneva, com piled  by the U .R .S .I ., and m ay therefore be regarded as a sum m ary o f  the inform ation  
conta ined  in  a ll three o f  the a b ove  docum ents.

II. Survey o f  problem s.

A  survey o f  the problem s presented is given in  Section II o f  D o c . N o . 124 o f  W ash ington  
and they are a lso  generally surveyed in  pages 2 to  12 o f  D o c . N o . 72 o f  G eneva. T hey fall under 
six headings :

1. T ransm ission  by way o f  regular E-layer ion ization

2. T ransm ission by way o f  regular F l-la y er  ion iza tion

3. T ransm ission by way o f  regular F2-layer ion ization

4. T ransm ission by way o f  sporadic E  ion ization

5. T ransm ission by w ay o f  m eteoric  ion ization

6. T ransm ission by w ay o f  an om alous and irregular io n iza tion  o f  other kinds.

It is n o t intended  in  the present R eport to  go  in to  the details o f  the nature o f  the problem s 
presented, but rather to  sum m arize the results obtained. F or detailed in form ation  as to  the  
nature o f  the problem s, reference sh ou ld  be m ade to  those sections o f  the docum ents already  
quoted . A  sum m ary o f  the results o f  the studies n o w  fo llow s, appropriate references to  the  
docum ents being given.

III. Sum m ary o f  results.

1. Transm ission b y  w ay o f  regular E -layer ionization.

A  study o f  regularly m ade vertical incidence m easurem ents ind icates that it is un likely  
that transm ission  o f  w aves o f  30 to  300 M c/s w ou ld  ever occur by w ay o f  the regular 
E-layer.

2. Transm ission by  w ay o f  regular F l-la y e r  ionization.

A  study o f  the vertical incidence m easurem ents ind icates that it  is un likely  that transm ission  
o f  w aves o f  30 to  300 M c/s w ou ld  ever occur by w ay o f  the regular F l-la y er , except near  
n o o n  at m axim um  solar activ ity  in  tropical regions only. Since the F 2-layer M U F ’s w ould , 
under the sam e conditions, exceed  those for  the F l-la y er , this fact is o f  little  im portance.

3. Transm ission b y  w ay o f  regular F 2-layer ionization.

A  study has been m ade o f  the vertical incidence m easurem ents for  a num ber o f  w idely  
distributed ionospheric  stations and, in  add ition , a considerable am ount o f  observational 
evidence has been co llected  from  actual transm issions, .both in the U n ited  States and the  
U n ited  K in gdom . These data relate m ainly to  the years 1946-1948, w hen solar activity w as 
high . T hey ind icate that during certain seasons o f  the year long-d istance transm ission by  
w ay o f  th e  regular F 2-layer ion iza tion  can occur in .tem p erate  latitudes o n  w aves o f  up to  
a b ou t 50 M c/s, a lthough th e  percentage o f  the to ta l tim e during w hich such transm ission is 
possib le  is sm all, being, for exam ple, o f  the order o f  4.5 % on  50 M c/s over the L o n d on -N ew  Y ork
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circuit during the m ost favourable m onth  o f  the year at sunspot m axim um . In the tropics, 
how ever, such transm ission can occur on  w aves o f  up to  60 M c/s, w ith  a lm ost regular trans
m ission  on waves o f  30 to  40 M c/s. The field strengths observed on these w aves are very 
variable, ranging from  values exceeding the inverse-distance value to  these near or below  
the receiver noise level, over very short periods o f  tim e. H ow ever, since the radio noise  
fields on these waves are a lso  very low , reception is often  continuou s for lon g  periods o f  tim e  
and serious interference m ay result to  services w hich are designed to  provide com m u nication  
at relatively low  field strengths.

It is clear that, for several years around the solar m axim um , intolerable long-range inter
ference m ay be expected on frequencies below  about 50 M c/s during daylight hours in the  
equinox and winter seasons. T he low est frequency at w hich such interference becom es so  
infrequent as to be inappreciable is about 50 M c/s for stations in tem perate latitudes, and  
abou t 60 M c/s for stations, in the tropics.

W orld-w ide predictions o f  F2-layer M U F ’s are given in m onth ly  charts published  by the 
C .R .P .L . in the U .S .A ., by the D .S .I .R . in the U .K . and by other authorities.

4. Transmission by  w ay o f  sporadic E  ionization.

B ecause o f the nature o f  sporadic E  ion ization , im plicit in its nam e, transm ission by way  
o f  it is ordinarily confined to  a single hop  and is thus lim ited  to  a m axim um  distance o f  
abou t 2300 km . Since, in the m ost intense form  o f  sporadic E  ion iza tion , the sk ip-distance  
is abou t 650 km ., the transm ission range is, in  practice, restricted to  d istances betw een abou t 
650 and 2300 km.

It exists in different form s in  different latitudes, the m ost clearly distinguished types being  
the auroral-zone type and that occurring at tem perate and low  latitudes. T he auroral-zone  
type occurs m ost frequently at n ight and the studies indicate that transm ission by w ay o f  it m ay  
occur on frequencies up to  abou t 90 M c/s and, infrequently, even higher. T he tem perate  
and low  latitude type can occur at any tim e o f  day, but has a broad peak around m idday and  
a subsidiary peak around sunset.

The studies indicate that transm ission m ay occur by way o f  it o n  frequencies up to  abou t 
80 M c/s and, infrequently, up to 100 M c/s.

It is to  be noted that this type o f  sporadic E  exhibits a m arked season al variation, w h ich  is 
especially prevalent during the m onths o f  M ay to  Septem ber inclusive (in the N orthern  
H em isphere) and o f relatively sm all im portance during the rem aining m onths. D o c . N o . 124 
o f  W ashington contains som e evidence that there is a variation  in its occurrence over the  
sunspot cycle, suggesting that a  m axim um  o f  sporadic E  m ay occur at sunspot m inim um , 
and vice-versa, but th is evidence can hardly be regarded as conclusive.

D uring the m onths o f  M ay to Septem ber inclusive and during the hours o f  0700-2000 L .T . 
(period during w hich tem perate and low  latitude sporadic E is m ost prevalent) the studies  
indicate that transm ission at 2300 km  m ay occur in accordance w ith  the fo llo w in g  
frequency/tim e distribution :

Frequency Percentage of Total Time

30 Mc/s 28.0%
40 M c/s 6.0%
50 Mc/s 1.5%

60-80 M c/s < 1 .0 %

T his frequency/tim e distribution is given in the graph in F ig . 3 o f  D o c . N o . 72 o f  G eneva.

F ield  strengths for transm ission by way o f  sporadic E  m ay be h igh, and D o c . N o . 124 o f
W ashington indicates that the peak fields w ou ld  occur at distances betw een abou t 1600 and  
1800 km.
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T he expected world distribution o f  sporadic E  is indicated in w orld charts published  
m onth ly  by the C .R .P .L ., in the U .S .A . and by other authorities.

5. Transm issions b y  w ay o f  m eteoric ionization.

A  study has been m ade both in  the U n ited  States and the U n ited  K in gdom  o f  the reflections  
w hich occur from  m eteor trails. O n 30 M c/s such reflections have been foun d  at tim es to  
occur as o ften  as one per m inute, and on  70 M c/s at a  rate o f  about tw o per hour. T hey were  
foun d  to  last from  a fraction o f  a  second to  about 10 seconds. T he field strength o f  the signals  
obtained from  the m eteoric ion ization  was foun d  to  be very low . B ecause o f  these facts these  
reflections are considered to  be o f  negligib le im portance from  the interference po in t o f  view , 
such interference being generally lim ited to  scanty occasion al bursts o f  signal from  stations  
norm ally  ou t o f  range.

6. Transm ission by  w ay o f  anom alous and irregular ionization o f  other kinds.

T he studies indicate that there m ay at tim es occur bodies o f  ion ization  at virtual heights 
different from  those o f  any o f  the recognized ionospheric layers. Such ion iza tion  patches m ay  
occasion ally  give rise to  reflections o f  w aves in  the 30 to  300 M c/s range, the principal case  
being that o f  reflection  from  the edges or sides o f  such patches w hich occur w ithin  or near 
the auroral zone. It is n o t considered, how ever, that such reflections w ou ld  constitu te  a 
serious source o f  interference to  stations w orking on w aves o f  30 to  300 M c/s.

IV. Sum m ary.

A  tabular sum m ary o f  the m ain causes o f  interference to  stations w orking o n  w aves 30 M c/s  
to 300 M c/s is given below .

Type 
of interference Zone Period of 

maximum effect
Highest frequency with 
severe interference, and 

range of distances affected

Lowest frequency with 
slight interference

Regular F2 
layer reflection

Temperate
latitude

Midday period 
Equinox-winter 
Solar cycle maximum

45-50 Mc/s 
3200-4800 km  E/W  
3200-9600 km N /S

50 Me/s'

Regular F2 
layer reflection

Tropics Midday period 
Equinox-winter 
Solar cycle maximum

50-55 Mc/s 
3200-4800 km E/W  
3200-9600 km N /S

60 Mc/s

Sporadic E 
auroral type

High
magnetic
latitude

N ight (associated  
with local magnetic 
disturbances)

N ight 80 Mc/s 
D ay 45-50 Mc/s 
650-2300 km •

Night 90-100 M c/s 
Day 50 Mc/s

Sporadic E  
temperate type

Temperate
latitude

May-Sept. inclusive 
Day

55 Mc/s 
650-2300 km

80-100 Mc/s

M eteoric
ionization

During meteoric 
showers

Seldom severe 
650-2300 km

Varies with power 
used

V.' B ibliography.

A n extensive bib liography concerning the m atter is given at the ends o f  D o c . N o s . 124 o f  
W ashington and 72 o f  G eneva. .
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R E P O R T  N o .  9

IN T E R F E R E N C E  T O  R A D IO  R E C E P T IO N  A T  SEA  
D U E  T O  A T M O S P H E R IC  C A U SE S

( Q u e s t i o n  N o .  3 6 )  

( S t u d y  G r o u p  N o .  V I )

(G en eva , 1951)

T he question  o f  interference to radio reception at sea due to  atm ospheric causes has been  
studied. A lthou gh  on ly  a lim ited  am ount o f  basic inform ation is availab le on  the subject, the  
fo llow in g  reference m aterial w ill be usefu l in estim ating the radio n o ise  levels to  be expected  
at sea :

1. Statem ents o f  K .A . N o r t o n , R . B a t e m a n  and C .A . E l l e r t  before the Federal C om m u nic
ations C om m ission  at the Ship P ow er H earing, N ovem ber 14, 1938..

2. H .V . C o t t o n y , M em orandum  report on observations o f  a tm ospheric radio noise in A rc tic  
regions, N atio n a l Bureau o f  Standards, Central R a d io  Propagation  Laboratory, January 15, 
1948.

3. M inim um  required f ie ld  intensities fo r  intelligible reception o f  radiotelephony in presen ce  o f  
atm ospherics or receiving se t noise. R eport N o . 5, R ad io  P ropagation  U n it, B altim ore Signal 
D ep o t, O ctober 1949.

4. B u r e a u  and B a r r e , Variations a  grande echelle de V activtie  des atm ospheriques au cours 
de la  croisiere antarctique du Com m andant Charcot, C om ptes rendus, A cadem ie des Scien ces, 
Paris, 229 , p. 626, 26 Septem ber 1949.

R eference 1 contains m easurem ents o f  atm ospheric noise  on  250 and 540 kc/s m ade on  
sh ipboard during several ocean  voyages in  the sum m er o f  1938. In  th is report the n o ise  levels  
are presented both  diurnally and in cum ulative tim e distributions. T able IV  o n  page  43 o f  the  
statem ents show s the d istribution  o f  no ise  w ith  latitude. T his table can  be used  in  estim ating  
w orld-w ide noise  levels since they appear to  be substantially  independent o f  longitude.

R eference 2 contains atm ospheric n o ise  m easurem ents over a w ide range o f  frequencies  
m ade on  shipboard during the sum m er o f  1947. T hese m easurem ents were m ade prim arily at 
arctic latitudes ; how ever, som e o f  the m easurem ents extend to  latitudes as lo w  as 22° N o rth .

R eference 3 gives predictions o f  w orld-w ide n o ise  levels to  be expected for various frequencies, 
seasons and tim es o f  day. A lth ou gh  it is subject to  som e error (see C .C .I.R . R eport N o . 8 *), it 
is considered to  be the m ost com plete  overall treatm ent o f  n o ise  levels.

In m aking estim ates o f  n o ise  levels over ocean  areas, R eference 1 is provisionally  recom m ended  
where applicable, i.e ., as to  frequency and  season. In  v iew  o f  the fact that in  the 2000 k c /s  range, 
n o ise  levels are low er than in  the 500 kc/s range, it m ay be desirable to  use h igher frequencies  
than those'd ea lt w ith in  R eference 1. R eferences 2 and 3 w ill then be usefu l in  estim atin g  noise  
levels o n  these higher frequencies.

* This Report has not been maintained.
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T H E  M IN IM U M  N U M B E R  O F  F R E Q U E N C IE S  N E C E S S A R Y  
F O R  T H E  T R A N S M IS S IO N  O F  A  H IG H  F R E Q U E N C Y  

B R O A D C A S T IN G  P R O G R A M M E

(Q u estio n  N o . 37 (X)) 

(S tudy  G ro u p  N o . X)

(G eneva, 1951)

T he C .C .I.R . has studied the technical data conta ined  in D o c . N o . 635 o f  M exico , and  agrees 
that it is essential to  secure the greatest possib le  econ om y in the use  o f  radio frequencies and  
that to  this end, as a general rule, on ly  one frequency should  be used for the transm ission  o f  
o ne program m e to  on e  reception area. It is, how ever, o f  the op in ion  that technical cond itions  
do ex ist w hich w ou ld  justify  the use o f  m ore than  one transm ission frequency to  assure the  
continuou s reception o f  one program m e in  on e  reception area (i.e. the area to  w hich the program m e  
is  directed) at certain tim es and over certain paths.

W ave propagation  con d ition s over certain paths m ay be difficult to  forecast (e.g. very lon g  
paths or paths passing through the auroral zones) or the rate o f  change o f  F O T  m ay be h igh  
(e.g. at sunrise or sunset). L isteners to  broadcasting can n ot advise the transm itter o f  an unexpected  
deterioration in reception cond itions as m ay be the case in radio services other than broadcasting.

. T he existence o f  these cond itions cou ld  justify  the sim ultaneous use o f  m ore than  one  
frequency, each  in a different band, to  cover such periods and paths. In  add ition  there m ay be  
cases where the depth  o f  the area extending outw ard from  the transm itter is to o  great to  be  
served by a single frequency and m ore than one frequency m ay be needed.

T he use o f  directional antennae is essential in m o st cases to  ensure a satisfactory signal to  
n o ise  ratio, as recom m ended by the M exico  City H igh  Frequency B roadcasting C onference, and  
this lim its the geographical area covered by each transm itter and its associated  antenna to  an  
exten t differing w ith each particular case. B ecause o f  this, it m ay be necessary to  use m ore than  
one transm itter and associated  antenna to  cover a g iven  reception area. B y synchronising trans
m itters, the num ber o f  frequencies in the sam e band m ay be reduced to  n o t m ore than tw o. A t  
the present tim e there is insufficient evidence to  determ ine whether one frequency only w ou ld  
give satisfactory reception . Further study sh ould  be carried out.

T he angle subtended by the reception area at the transm itter, its m ean distance from  the 
transm itter and  its depth, m ay differ greatly from  one case to  another. T his lim its the value o f  
adop tin g  defined geom etric reception  areas as it w ou ld  give rise to  insufficient coverage in  som e  
cases and  a w astefu l use o f  frequencies in  others. T hus it w ou ld  seem  that defining the above  
factors cou ld  n o t produce a usefu l criterion for the justification  on  technical grounds o f  the use  
o f  m ore than one frequency for  transm itting one program m e to  a reception  area, but that each  
case m ust be considered on  its m erits taking these factors in to  account.
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H IG H  F R E Q U E N C Y  B R O A D C A S T IN G  R E C E P T IO N

( Q u e s t i o n  N o .  3 8  ( X ) )

( S t u d y  G r o u p  N o .  X )

(G eneva, 1951)

T his report has been prepared utilizing the availab le results o f  past research regarding the  
short and long  term variability o f  h igh  frequency broadcasting signals, atm ospheric noise  and  
industrial no ise  intensities, together w ith the results o f  subjective tests o f  the acceptable ratios 
o f  steady desired to  undesired signals and o f  steady signal to  atm ospheric and industrial noises.

A lth ou gh  it is believed that further theoretical and em pirical w ork sh ou ld  be carried out in  
this field, it is felt that availab le m aterial m akes it possib le  to supplem ent provisionally  the existing  
in form ation  and to  estim ate allow ances w hich sh ould  be m ade to  take in to  accou nt the short and  
lon g  term  variability o f  signal and atm ospheric n o ise  intensities, in order to  provide acceptable  
service for any specified percentage o f  the tim e.

T able I sets forth, for purposes o f  inform ation , the fading safety factors w h ich  are necessary  
to  assure a specified signal-to-interference ratio for  particular percentages o f  the t im e* * .

C onsideration has n ot been given to  the allow ances to  be m ade w hen there is m ore than one  
interfering signal or a com b in ation  o f  interfering signals and noise. T his is kn ow n to  be an  
exceed ingly  com plex problem , and, a lthough som e theoretical investigations have been perform ed, 
there is n o  available inform ation  o n  the subjective aspect involved.

Table I

REPORT No. 14 *

i 2 3 4

Desired signal to undesired s ig n a l................................ 10 db 13 db 23 db 16 db

Desired signal to atmospheric n o i s e ....................... .... 6 db 16 db 22 db 17 db

Desired signal to industrial n o i s e ................................ 6 db
1

10 db 16 db 12 db

Column 1 This is the short-term  fading allow ance w h ich  m ust be m ade to  ensure that the steady  
state ratio is achieved for 90%  o f  any given hour.

Colum n 2  This is the long-term  fading a llow ance w hich m ust be m ade to  ensure that the steady  
state ratio is achieved for 90%  o f  the hours in any one m onth  at a particular tim e  
o f  day in 90%  o f  the cases.

Column 3  B y adding the values in C olum ns 1 and 2, this is the overall variab ility  allow ance  
w hich m ust be m ade to  ensure that the steady state ratio is ach ieved  for  90%  o f  any  
hour in  90%  o f  the hours in  any m onth  at a  particular tim e o f  day and in 90%  o f  
the cases. T his represents an  assured steady state ratio  for 96%  o f  the overall tim e.

Colum n 4  B y taking the square root o f  the sum  o f  the squares o f  the values in  C olum ns 1 and 2, 
this is the overall variability  a llow ance w h ich  m ust be m ade to  ensure that the steady  
state ratio is achieved for 90%  o f  the overall tim e.

* This Report was adopted unanimously.
** Refer to Doc. Nos. 43 and 66 of Washington, and Doc. Nos. 160, 178 and 215 of Geneva.
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T he figures in  T able I relating to  the tim e availab ility  o f  service were selected o n  a theoretical 
basis and on  experience derived principally from  m edium  wave broadcasting. Som e dou bt exists 
as to  the practicability  o f  ach ieving these percentages, since recent calculations o f  the transm itter  
pow er required, in  order to  provide this tim e availab ility  at presently accepted steady state  
cond itions, have produced quite unrealistic results.

T he C .C .I.R . is o f  the op in io n  that Q uestion N o . 39 should  rem ain o n  the agenda, and that 
further theoretical and em pirical w ork should  be carried out on  this question. T hese studies  
sh ou ld  include the gathering o f  data on  the tim e availab ility  versus signal-to-interference ratio  
for services w h ich are regarded as being norm ally acceptable under actual operating conditions.

R E P O R T  N o . 16 *

T E L E G R A P H IC  D IS T O R T IO N

(Q u estio n  N o . 18 (I)) 
(S tudy  G ro u p  N o . I)

(L ond on , 1953)

. F o llo w in g  the Seventh P lenary A ssem bly o f  the C .C .I.T . (Arnhem , 1953), the D irector ad  
interim  o f  the C .C .I.T . com m unicated  findings o f  that M eeting to  the C .C .I.R ., as fo llo w s :

“ Telegraph distortion

(a )  T he y i l t h  Plenary A ssem bly o f  the C .C .I.T . issued a recom m endation on  this m atter, intended  
to  replace R ecom m end ation  N o . 301 provisionally  num bered 1/1 but w hich, in  the new  
series o f  C .C .I.T . recom m en dations w ill be num bered B .l .  ;

(b )  T he C .C .I.T . has decided that new  questions relating to  telegraph distortion  should  be set 
for study and that the study o f  questions relative to  this subject already under w ay should  
be continued.

It felt that the co llaboration  o f  the C .C .I.R . w ou ld  be valuable in  the study o f  the fo llow in g  
qu estion s :

“ Q uestion 1 /5  (provisional num ber) **

W hat m ethod  should  be recom m ended to  determ ine the distribution law  o f  the various 
degrees o f  d istortion  relative to  a  prolonged  m odu lation  (or restitution) :

(a )  iso ch ro n o u s?

(b )  start-stop ?

(c )  w h en  the d istortion  considered is ind ividual d istortion  ?

“ N o te s:

1. T his question should  be studied in co llaboration  w ith the C .C .I.R .

2. Som e ind ications w ith  regard to this question  m ay be foun d  on  page 8 o f  D o c . A P  V II/4.

* This Report was adopted unanimously.
** This Question has become Question N o. 6 o f  C.C.I.T.
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“ Q uestion 1 /7  (provisional num ber) *

Study G roup N o . I has, in  co-operation  w ith  representatives o f  the C .C .I .R ., included  in  the  
new  D raft R eso lu tion  definitions w h ich  m ight be o f  assistance in  any further study o f  the question ,
i.e. definitions o f  “ defective m odu lation  or restitu tion ” , “ efficiency factor o f  a telegraph co m 
m unication  “ quality index ”  (in  the general sense for  telegraphists), and  w ith  reference to  a  
given  telegraph operation, a definition o f  the “ quality index o f  a m odu lation  or restitu tion  
It has how ever foun d  it necessary to  pursue the study o f  the problem  w ith  the fo llow in g  question  :

H o w  can the notion s o f  “ efficiency factor o f  a telegraph com m u nication  ” , “ quality  
index o f  a telegraph operation  ” , “ quality index o f  a m odu lation  or restitu tion  ” , be applied  
to  qualify  a radiotelegraph com m unication  ?

W hat m eth od  should  be adopted  to  attain  th is objective ?

“ N ote. —  The fo llow in g  docum ents m ay be consu lted  for the study o f  th is question  : 

C .C .I.T . D o c . A P  V II/4 , A nn. 2, 3 and 4.

A nn. N o . 8 to  D o c . A P  V II/4 , page 41 and fo llow in g  pages : C ontribution  o f  Italian  
rapporteurs to  the study o f  C.C.I.R'. Q uestion  N o . 1 8 .”

T he above questions arise from  Q uestion  N o . 18 and should  be pursued w ith  a v iew  to  
establish ing com plete definitions and m ethods o f  m easurem ent w h ich  are app licab le to  rad io
telegraphy.

R E P O R T  N o . 17 **

H A R M O N IC S  A N D  P A R A S IT IC  E M IS S IO N S

(Q u estio n  N o . l .b  (I) —  S tudy  P ro g ram m e N o . 2 (I))
(S tudy  G ro u p  N o . I)

(L ond on , 1951)

After consideration  o f  the various docum ents supplied  to  the C .C .I.R . o n  th is question :

D o c . 65 U n ited  States o f  A m erica
D o c . 80 U n ited  States o f  A m erica
D o c . 101 R eport from  the Chairm an o f  S .G . N o . 1
D o c . 124 B elgium
D o c . 130 Japan
D o c . 340 U .S .S .R .,

the V llth  Plenary A ssem bly o f  the C .C .L  R. considers that insufficient in form ation  has been received  
to  perm it revision o f  A pp. N o . 4 o f  the R ad io  R egulations (A tlantic C ity, 1947). H ow ever, the  
discussions and  the docum entation  received sh ow  that the tolerances g iven  in that A p p. N o . 4  
can  be m et in  practice.

A  study o f  several approaches to  the problem  o f  m easurem ent o f  harm onic and parasitic  
em issions indicates that the problem  can be attacked by tw o m ethods :

1. Tests on  the. transm itters in  respect o f  the pow er o f  harm onic or parasitic frequencies delivered  
to  the lo a d  ;

2. F ie ld  intensity m easurem ents at a distance from  the transm itter to  determ ine the interfering  
possib ilities o f  the com plete installation .

* This Question has become Question No. 5 of C.C.I.T.
** This Report was adopted unanimously.
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T he first m eth od  w ou ld  generally precede operation  on  norm al traffic and is a  laboratory  
m ethod  based on  pow er m easurem ents. T he pow er m easurem ents m ay be by the substitu tion  
m ethod , direct pow er m easurem ent, or other m ethods. T he field intensity m easurem ent at a 
distance w ill provide a practical m eans o f  determ ining the overall effect and expressing the intensity  
o f  interfering signals due to  harm onic parasitic radiations.

T he direct pow er m easurem ent m ethod  as described in  L on d on  D o c . N o . 130 can  be used  
w hile the transm itter is in  operation  even w hen it is one o f  a group o f  transm itters operating  
sim ultaneously. T he m eth od  used  is based on  the m easurem ent o f  the current, voltage and phase  
o f  each harm onic.

W hen necessary, an  im provem ent in the reduction o f  harm onics m ay be obtained by the use  
o f  filters at the ou tp ut o f  the transm itter. One specific type o f  filter is described in  L on d on  D o c .  
N o . 340 w hich  provides a reduction  o f  32 db o f  the level o f  the harm onics. T he effectiveness o f  the  
filter is assessed by com paring the harm onic field intensity  at a  d istance o f  over 100 m etres from  
the transm itter aerial w ith  and w ithou t the filter.

A n other type o f  filter, m entioned  in L ond on  D o c . N o . 124, m akes it  possib le  to  obtain  
harm onic levels o f  70 or 75 db w ith  respect to  the fundam ental for h igh  pow er M F  (hectom etric) 
transm itters. T hese results were obtained by the substitu tion m ethod. A tten tion  m ust be given  
to  proper screening o f  the transm itter in  order to  prevent direct radiation  o f  harm onic and parasitic  
em issions.

A s regards the com b in ation  frequencies produced by interaction  betw een high pow er M F  
(hectom etric) transm itters situated  in  the sam e transm itting centre, attenuation  o f  45 to  50 db  
has been obtained  by h igh-quality  series rejector filters (L ond on  D o c . N o . 124).

W ith  respect to  the particular harm onics fa lling  w ithin  te lev ision  channels, in form ation  is  
given in  L ond on  D o c . N o . 65 w h ich  indicates the present lim itation  o f  harm onic and parasitic  
radiations applied  in  U .S .A . for the various services.

T he study o f  the m easurem ent and reduction o f  harm onics and . parasitic em issions should  
be continued.

R E P O R T  N o . 18 *

F R E Q U E N C Y  S T A B IL IS A T IO N  O F  T R A N S M IT T E R S

(Q u estio n  N o . l .c  (I) —  S tudy  P ro g ram m e N o . 3 (I))

(S tudy  G ro u p  N o . I)

(L ond on, 1953)
Introduction.

A t the V lth  P lenary at G eneva, 1951, the C .C .I.R . requested, in  Study Program m e N o . 3 (I) 
that a  study sh ou ld  be m ade o f  im proved m ethods o f  attain ing high accuracy and stability  o f  the 
frequency o f  radio em issions, consistent w ith econ om ic  and design requirem ents.

Sum m ary o f  docum entation

D oc. 81 (U n ite d  S ta te s  o f  A m erica ).

In  this docum ent, in form ation  is given concerning frequency stability com m ercially  obtainable  
in  the U .S .A . for  transm itters operating in bands betw een 150 kc/s and 8000 M c/s.

* This Report was adopted unanimously.
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T his docum ent describes crystal oscillators and therm ostats g iving a frequency stability  
o f  3 x 1 0 - 6 '

Doc. 19 3  (N e th erla n d s).

This docum ent describes the circuits o f  a num ber o f  stab le oscillators and gives details o f  
their perform ance in tabular form . It is concluded that in the frequency range 10 kc/s to 30 M c/s  
a stab ility  o f  the order o f  3 x l 0 -6 is easily and cheaply  obtainab le w ithout needing a special 
device for frequency adjustm ent.

D oc. 288 (J a p a n ).

T his docum ent describes the application  o f  statistical analysis to  the results o f  frequency  
m easurem ents on  oscillators and concludes that the frequency stability o f  the oscillator described  
is 4 x 1 0 -6 .

D oc. 331 (F ederal Germ an R epublic).

T his docum ent describes three types o f  m aster-oscillators continuou sly  variable in frequency  
having a 24-hour frequency stab ility  o f  1 to  2 x  10-6 and  suitable for  transm itters operating in the 
band 4 to 30 M c/s. The first o f  these oscillators described uses inductance and capacitance control 
elem ents and the rem ainder use indirect crystal control.

D oc. 36 7  (N e th erla n d s).

T his docum ent proposes a lim itation  o f  frequency tolerance to  3 x  10-6 for all those  services 
subject under the R ad io  R egulations (A tlantic City, 1947) to  tolerances o f  3 x  10-5 and 5 x  10~5.

D oc. 372 (U nion o f  South A fr ica ). '

T his docum ent describes studies o f  continuou sly  adjustable frequency oscillators using the 
principle o f  frequency synthesis.

General conclusion:

T he general conclu sion  reached is that the technique o f  frequency stab ilisation  o f  trans
m itters— particularly for  fixed services operating on frequencies below  30 M c/s— is n ow  such  
that degrees o f  frequency stability considerably in excess o f  those  la id  dow n in the R ad io  
R egulations (A tlan tic  City, 1947) can be obtained by using either direct crystal control m aster- 
oscillators or by using continuou sly  adjustable m aster oscillators w ith indirect crystal control.

D o c. 131 ( J a p a n ) .

R E P O R T  N o . 19 *

V O IC E  F R E Q U E N C Y  T E L E G R A P H Y  O N  R A D IO  C IR C U IT S

(Q uestion  N o . 43 (III))
(S tudy  G ro u p  N o . I l l )

(L ondon, 1953)

T he C .C .I.R . in  answer to  Q uestion  N o . 43 (III) has carried o u t certain studies concerning  
voice-frequency. telegraphy on radio circuits.

T hese studies have show n that it is n o t yet possib le  to  give a com plete  answer to the question. 
H ow ever, as regards radio circuits using frequencies below  30 M c/s, a recom m endation has been

* This Report was adopted unanimously.
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m ade dealing w ith diversity reception . M oreover, the C .C .I.R . w ou ld  draw the attention o f  the
C .C .I.T . to  the fo llow in g  poin ts in respect o f  reception below  30 M c/s.

1. T he voice-frequency system  w hich radiates one frequency for one signalling cond ition  and  
suppresses the radiation  for  the other signalling cond ition  does n ot give satisfactory results 
w hen applied  to  radio circuits.

2. System s w hich radiate one frequency for one signalling cond ition  and a different frequency  
for the other signalling cond ition  (using tw o oscillators or one frequency-shift oscillator) 
have in general to  be m odified  for this special use. F or  instance :

—  the range o f  linear am plification o f  the audio am plifier com m on  to  all channels in the  
receiving equipm ent has to be m uch greater than is necessary on  land line circuits because  
o f  the large changes in am plitude o f  the received signals due to fading ;

— for the sam e reason the lim iter preceding each  channel discrim inator should  operate  
over a large range o f input signal am plitudes ;

—  m any filters used in equipm ent designed for land lin e circuits do not have suitable  
characteristics ;

—  to  obtain  g o o d  diversity results it is n o t sufficient m erely to  connect the outputs o f  separate  
channels o f  standard voice-frequency equipm ent in  series or in parallel, but special 
provisions have to  be m ade.

3. N otw ith stan d in g  all precautions taken, it should  be realised that the use o f  voice-frequency  
equipm ent on radio circuits m ay becom e im possib le w hen  reception conditions are poor.

R E P O R T  N o . 20 *

T E M P O R A L  V A R IA T IO N  O F  G R O U N D -W A V E  F IE L D  S T R E N G T H S

(Q uestion  N o . 6 (IV)) 
(S tudy  G ro u p  N o . IV )

(L ond on, 1953)

1. C ontributions relating to  Study Program m e N o . 12 have been received from  Sw itzerland
(D o c . N o . 335) and from  the U n ited  K in gdom  (D oc. N o . 96 and A ddendum  1 to  D o c . N o . 96), 
and have advanced the know ledge on this subject in the frequency range 500-1500 kc/s.

2. T he study o f  th is subject has now  reached a stage where the fo llow in g  statem ent can be
m ade :
—  the tem poral variation o f  ground-w ave field strengths correlates inversely w ith the  

in fluence o f  tem perature,
—  such variations are n o t flue to  tropospheric refraction,
—  the large variations are due, in  m ost cases, to  the change in conductiv ity  o f  th e  sap in 

trees and plants, brought about by changes in tem perature,
—  it is n o t certain that the foregoing reason explains a ll the effects that occur.

It w ill therefore be necessary to continue the study o f  th is ph enom enon as suggested in  
Study P rogram m e N o . 52 (IV) in order to  consider, in  particular, the effects o f  tem perature on  
the electrical constants o f  the ground. It w ould , for instance, be useful to  m ake m easurem ents in 
the frequency range 1-30 M c/s.

* This Report was adopted unanimously.
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(Q uestion  N o . 6 (IV)) 
(S tudy  G ro u p  N o . IV)

(G eneva, 1951 —- L ond on , 1953)

In addition  to  the docum ents subm itted at the V lth  A ssem bly at G eneva, in  1951, further  
contributions relating to  Q uestion  6 (IV), item s 2, 3 ,4  and  5 have been  received from  the Chairm an  
o f  the Study G roup (D oc. N o . 104), from  A ustria (D oc. N o . 379), Japan (D ocs. N o s . 139 and  
160), the N etherlands (D o c . N o . 242), the U n ited  K in gdom  (D ocs. N o s . 95 and 154) and  from  
the U n ited  States (DoCs. N o s . 10 and 11). T he study o f  this subject has n o w  reached a stage  
where the fo llow in g  statem ents can be m ade :

1. Question N o. 6  ( I V ) ,  §  2.

Effects o f  h ills and other obstacles in diffracting the waves in either the horizon ta l or vertical 
plane.

1.1 Single obstacles o f  definite shape.

(a )  Bare h ills o f  approxim ately knife-edge shape.

W hen the term inal poin ts are well rem oved from  the obstacle, it is adequate to  app ly  the  
classical Fresnel treatm ent for optical diffraction at a kn ife-edge profile, b u t w hen  they  
are o n  or near the obstacle, a m ore rigid approach is necessary. T he h ill is regarded as  
a sharp edge at w hich the direct and ground reflected w aves com prising the incid en t 
radiation are diffracted. The diffracted field at the receiver can  be sim ilarly reso lved  
in to  the direct and ground reflected com ponents.

A  num ber o f  experim ents have show n that sm all irregularities o f  the ground before and  
behind the obstacles m ay give rise to  m ultiple transm ission  paths and can  have a 
particularly favourable influence upon the field-strength at the receiving site  i f  the  
com ponents are in  phase.
It appears that where Fresnel diffraction theory is applicable, there is n o  d istinction  in  
behaviour betw een horizontal and vertical polarization.

(b )  Bare hills o f  approxim ately cylindrical shape:

W hen th e . transm itter and receiver are p laced close  to  and o n  op p osite  sides o f  the  
obstacle, the theory o f  diffraction around a cylindrical or spherical surface is app licab le.

W hen the transm itter and receiver are n ot very d istant from  the obstacle, the jo in t  
m ethod  o f  reflection and diffraction m ay be used. T he diffraction around the obstacle  
betw een the tangents from  the transm itter and the receiver is calculated as the associated  
exponentia l attenuation  given by the diffraction form ula.

W hen the tw o term inal poin ts are very rem ote from  the obstacle, the tw o  treatm ents  
described in  (a )  and (b )  g ive approxim ately the sam e answer, since the effect o f  the  
obstacle in  any case becom es sm all under these cond itions.

T he cases o f  propagation  a long  and  across valleys have n o t yet been analysed to  ffie 
sam e extent and they are therefore, together w ith  the m ost general case o f  very irregular  
terrain, recom m ended for further theoretical and experim ental investigation  in  Study  
Program m e N o . 53 (IV).

REPORT No. 21 *

GROUND-WAVE PROPAGATION OVER IRREGULAR TERRAIN

* This Report was adopted unanimously. It replaces Report N o . 2.
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1.2 M u ltip le  obstacles.
In  the case o f  transm ission  over a  path  contain ing m ultip le obstacles, e .g . undulating  
country or m oun ta in  ranges, the field strength varies considerably  w ith  change o f  path  
length  and direction . Experim ents have show n that sm all m ovem ents o f  receiving  
lo ca tio n  a lso  give rise to  m arked changes o f  the received field strength.

F or these reasons the variation  o f  field strength has to  be considered by statistical 
m ethods.

2. Question N o. 6  ( I V ) ,  §  3.

The sitin g  o f  aeria ls fo r  very  high frequencies.

T he problem  o f  the siting o f  aerials is c losely  connected  w ith  the question  o f  obstacles  
discussed above. It is advantageous to  raise the aerials where possib le , e .g . by placing  
them  on h ill tops, in  order to  reduce the effect o f  an intervening obstacle  and  to  increase  
the visibility . W here the receiver is to  be located  o n  a h ill top , a greater received signal 
m ay often  be obtained  by siting the aerial o n  the forw ard face rather than at the h ighest 
p oin t o f  the h ill. In  sim ple cases it is usefu l to  study the ground profile w ith  regard to  
the avoidance o f  unw anted  reflections ; in such cases i t ' m ay be possib le  to  p lace the  
receiving aerial so  that it  is screened from  such reflections. U n fortu nately  in  m ost 
practical cases cond itions are exceed ingly varied and com plex and the experim ental results 
cannot easily  be explained. A t th is stage, therefore, the m ost appropriate m eth od  for siting a  
V H F  aerial is usually  the em pirical one o f  trying it in  various position s and at different 
heights on  the desired receiving site.

3. Question N o. 6  (IV )  § 4 .

The rela tive effects ob ta in ed  w ith horizontal and vertica l po lariza tion .

T he question  o f  the relative m erits o f  vertical and  horizontal polarization  is closely  
connected  w ith the siting o f  the aerials in  relation to  irregularities o f  the terrain. H ere 
again  there is, except in  the sim plest cases, a sim ilar lack o f  reliable experim ental data. 
T herefore in  this case a lso  n o  precise general rules can be given, and it is best to  adopt  
an em pirical m eth od  o f  ch o o sin g  the type o f  polarization .

R E P O R T  N o . 22 *

F IE L D  S T R E N G T H  M E A S U R E M E N T S  

M erits  o f a stan d ard  noise generato r as the source o f the  locally  generated  signal

(Q u estio n  N o . 8, § A .7) 
(S tu d y  G ro u p  N o . V)

(G eneva, 1951 —  L ond on , 1953)

T he m ajor advantage o f  a  standard n oise  generator as a calibrator for  a field-strength m eter  
is its sim plicity o f  operation . T he generator needs no  tun ing ; therefore, there are no  tracking  
problem s.

T he response o f  a  receiver to  a n o ise  signal is a fun ction  o f  the receiver bandw idth, the gain, 
the overload characteristic, and  its transient response. Care m ust therefore be exercised in  using  
a standard n o ise  generator as a  field strength m eter calibrator. I f  the bandw idth is governed by

* This Report was adopted unanimously. It replaces Report N o. 6.



the interm ediate frequency amplifier over the entire frequency range o f  the receiver, the ratio 
o f  the response o f  the receiver to  a sine w ave to  its response to  a no ise  signal m ay be established  
for  a single frequency, and the standard no ise  generator m ay be used to  standardize the gain  
at all other frequencies.

T he use  o f  a standard noise  generator as a calibrator is n o t recom m ended for field strength  
m eters in  the fo llow in g  cases :

'—  i f  for  som e reason the bandw idth o f  the receiver is n o t likely to  rem ain constant over the  
entire frequency range ;

—  if  the receiver has any significant spurious responses (e.g. im age-frequency response) ;
—  i f  the receiver response is to  any degree non-linear or has an unsuitable transient response.

R E P O R T  N o .  23  *

P R A C T IC A L  U S E S  A N D  R E L IA B IL IT Y  O F  IO N O S P H E R IC  
P R O P A G A T IO N  D A TA

(Q u e s t io n  N o .  50 )

(S tu d y  G r o u p  N o .  V I)

(L ond on, 1953)
' A . P ra c tica l uses

1. Introduction.

P ropagation in the band 3 to 30 M c/s over any but the shortest distances is practicable m ainly  
because o f  the possib ility  o f  obtaining ionospheric  reflections w hich suffer on ly  sm all 
attenuation. Satisfactory com m unication  on  a g iven circuit can generally be obtained, 
how ever, if  the operating frequency lies betw een  a low er and an upper frequency lim it (L U F  
and m edian M U F  respectively) determ ined by ionosp heric  characteristics. Since on ly  a 
lim ited  range o f  frequencies can be used it  is desirable to  have, as far in  advance as possib le, 
inform ation on  the probable values o f  these upper and low er lim its.

: In recent years m any adm inistrations operating services in  the H .F . band have tended to  
place greater reliance on  ionospheric forecasts an d  less on  past experience. This is due to  
the realization  that it is essential to  m ake the m o st econ om ical use o f  the lim ited resources 
b o th  in equipm ent and frequency channels. It is clear from  the docum ents subm itted  to  
Study G roup N o . V I at S tockholm  (1952) and L o n d on  (1953) that m any operators are m aking  
great use  o f  ionospheric forecasts either prepared in  their ow n countries or obtained from  
abroad.

2. L ong-term  forecasts.

O rganizations in  several countries now  m ake forecasts o f  ionospheric conditions up to  6 
m onths in  advance ; the fo llow in g  are kn ow n to e x i s t :

(a )  C .R .P .L . W ashington, U .S .A

• (b )  I.P .S . Sydney, Australia

(c )  R .R .L . T okyo, Japan

Central R ad io  Propagation L aboratory  

Ionospheric  Prediction Service  

R ad io  R esearch Laboratory
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(d ) R .R .S . S lough, E ngland R ad io  R esearch Station

(e ) G ea M ethod M adrid , Spain

( f ) S.P .I.M . Paris, France Service de. prevision  ionospherique m ilitaire

(g ) F.T .Z . D arm stadt, G erm any Fernm eldeltechnische Z entralam t

(h ) T .R .L . Johannesburg, U n ion  
o f  S ou th  A frica

T elecom m unication Research L aboratory

Except in  the case o f  (e )  these forecasts are based on  an estim ated level o f  solar activ ity  for  
a specific m onth  and the season al characteristics o f  the ionosphere are a llow ed  for in  detail. 
The usual applications o f  these forecasts are :

(a )  A llocations, in  advance, to  specific circuits o f  the m ost su itab le o f  the availab le frequency  
assignm ents, for the tim e o f  day, season  and level o f  solar activity ;

(b )  C h oice o f  tim es o f  frequency changes during day and night ;

(c )  Selection  o f  tim es for m axim um  traffic density on  difficult circuits ;

(d )  Selection  o f  su itable equipm ent and frequency for circuits in  tem porary use for special 
purposes, including the operation  o f  relays ;

(e )  M onitoring o f  spectrum  usage.

3. Sh ort-term  fo reca sts  o f  disturbances.

A s far as is kn ow n the fo llo w in g  sources o f  short-term  forecasts e x i s t :

M t. Strom lo O bservatory  
W arnings radiated from  P onto ise  
W arnings radiated from  JJY  
W arnings radiated from  W W V  and W W V H  
C .R .P .L . Series J 
R .C .A . Inc.
Carter O bservatory  
K odaikan al O bservatory  
D arm stad t (F .T .Z .)

B oth  lon g  and m edium  term  forecasts are intended to  refer to  norm al ionosp heric  conditions. 
T he occurrence o f  ionosp heric  disturbances m ay considerably m odify  the frequency range  
w ithin  w hich satisfactory operation  can be m aintained on  a particular circuit. U n der these  
circum stances reliable n otification  o f  im pending ionospheric disturbances m ay be o f  consider
able value, as fo llow s : ’

(a )  M aking tem porary adjustm ents to  operating frequencies or transm itter pow ers ;

(b )  Arrangem ents for the use o f  relay stations ;

(c )  R e-routing o f  priority traffic ;

(d )  A ssessm ent o f  direction-finder fixes ;

(e )  Investigation o f  reasons for  interference

( f )  D ep loym ent o f  operating staff.

4. P ropagation  calculations fo r  long-term  planning.

T he fo llow in g  sources o f  com puted  values o f  M U F , F O T , and field strength are available :

P .F .B . (G eneva) Charts and  T ables produced by C .R .P .L . at the request o f  the A tlantic
City conference (1947).

Australia
France
Japan
U .S .A .
U .S .A .
U .S .A .
N ew  Zealand
India
G erm any
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I .H .F .B .C . (M exico City) G raphs (1949).

A ustralian I.P .S. C ontour M aps (1947, also  1951 edition).

D uring previous conferences the basic propagation  data were used  for  the preparation o f  
international frequency assignm ent plans. O ther uses w ithin  certain adm inistrations for  such  
data are : •

(a )  F ix in g  o f  frequency range and pow er output o f  new  equipm ent for  specific circuits ;

(b )  D esig n  o f  aerials ;

(c )  Selection o f  loca tion  o f  term inal and relay stations ;

(d )  A ssessm ent o f  field-strengths in connection  w ith  interference problem s.

A s the above m entioned data were produced som e years ago w hen there w as less basic under
standing o f  the physical properties o f  the ionosphere, their accuracy is, o f  course, less than  
that o f  the current lon g  term  forecasts. D iscretion  should  therefore be exercised in  their 
further use.

B. R eliab ility  o f  fo re ca s t ionospheric data

1. Introduction.

T he fo llow in g  C .C .I.R . docum ents and published data have been exam ined  and  provide  
m ost o f  the inform ation  on  w hich this survey o f  the reliability o f  ionosp heric  forecasts is 
based.

S tockholm  D ocu m en ts (1952) N o s . 20 (U n ited  K in gdom ), 21 (Sw eden), 41 revised
(P rovisional R eport).

L ond on  D ocu m en ts (1953) N o s . 25 and  26 (N ew  Z ealand), 144 (Japan), 224 (U n ited
States o f  A m erica), 231 (Japan), 233 (Spain), 248 (Sw itzer
land), 257 (A ustralia), 280 and  281 (Spain), 303 (Sw itzer
land),' 309 (France) and  345 (Italy).

W ilkins and  M innis P roceedings o f  the Institute o f  E lectrical Engineers
(I.E .E .), M ay 1951.

M ile G . P illet N o te  pretim inaire du L aboratoire N a tio n a l de R a d io -
electricite, N o . 166, 1953.

Som e o f  these sources refer to  the accuracy o f  the forecasts over fairly short periods w hen  
applied  to  circuits ; others deal w ith  w hat m ay be called  typical sam ples o f  a ll possib le  
circuits over fairly lo n g  periods. W hen draw ing conclu sions on  the accuracy o f  predictions  
from  inform ation  obtained from  operational sources, it  is necessary to  ensure that the signals 
were in  fact propagated substantially  over the great circle path  assum ed in  m aking the predic
tion  and  n o t by scattering.

2. M edian  M U F .

It seem s fair to  say that, w hen a sufficiently representative sam ple o f  circuits is exam ined , 
the differences betw een the observed and forecast values o f  the m edian  M U F  tend to  be  
spread fairly even ly o n  either side o f  zero. A n y  bias w h ich  m ay exist appears to  be in  the  
direction w hich  m akes the forecast m edian  M U F  less than the observed one. O n the other  
hand, exam ination  o f  reports on  ind ividual circuits for particular periods suggests that at 
certain tim es, and for circuits in  certain parts o f  the w orld, rather large errors can exist. 
F or exam ple, circuits betw een E urope and  the F ar E ast have a m edian M U F  in  sum m er  
w hich is higher than that forecast assum ing that on ly  F 2  propagation  is effective.
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It is well kn ow n that in the preparation o f  the charts o f  basic forecasts from  w hich  the m edian  
M U F  curves used by operating organisations are drawn, num erous sources o f  possib le  error  
exist. Som e o f  these are due to  errors m ade by the forecaster in estim ating the future value  
o f  the su nspot num ber ; such errors w ill give rise to  differences betw een the forecast and  
observed values o f  m edian M U F  o f  the sam e sign in all parts o f  the w orld. A n other  
m ajor source o f  error lies in  the use o f  the existing system  o f  d ivid ing the F 2  region in to  
three zones. T his leads to  p ositive  or negative errors depending o n  the geographical loca tion  
o f  the control points, and a lso  on  the w ay in  w hich the forecaster has chosen  the “ typ ical ”  
values for  fo F 2  in  each  o f  the zones.

W ith  the exception  o f  one or tw o adm inistrations, it is usual for operating agencies to  com pute  
the m edian M U F  for lon g  distance circuits assum ing propagation  via the F 2  layer  
only . It seem s likely that, at certain seasons in som e parts o f  the world, propagation  m ay  
be controlled , n o t by the F 2  region, but by som e m echanism  w ithin  the E  region. T his 
form  o f  propagation  w ill tend to  increase the m edian M U F  to  a value h igher than that 
forecast w hen taking in to  accou nt only F 2  layer propagation and m ay accou nt for  part o f  
the discrepancies observed in  sum m er on circuits betw een E urope and the Far East.

T he conversion  o f  vertical incidence critical frequencies to  M U F ’s at ob lique incidence is 
achieved by the use o f  the M U F  factor calculated on  the assum ption  o f  a sim ple relation  
betw een electron  density and height o f  the F 2  layer. O blique incidence sound ings show  that 
in  m any cases this assum ption  is n o t c o r r e c t; further, there is som e experim ental evidence  
w hich, thou gh  lim ited at present, suggests that the M U F  factor as m easured directly is in  
disagreem ent w ith the calculated  value.

It is clear therefore that there are a sufficient num ber o f  kn ow n causes o f  error in forecast 
m edian  M U F ’s to  accou nt for the discrepancies w hich have been reported even  under  
cond ition s o f  correct solar predictions. A n  estim ate o f  the relative im portance o f  these errors 
suggests that the fo llo w in g  are the m ajor contributory factors :

—- oversim plified picture o f  the m odes o f  propagation,
—  use o f  the present zona l system ,
—  inadequate coverage both  in  loca tion  and  num ber o f  ionosphere sou nd in g  stations.

So far as is kn ow n the contrib ution  from  errors in calculating M U F  factors is o f  secondary  
im portance.

A ssum in g that the considerations outlined above are correct, it fo llo w s that, in  general, the  
accuracy o f  m edian M U F  forecasts cannot be m uch im proved by rem oving any single source  
o f  error but rather that a sim ultaneous attack needs to  be m ade in  an effort to  reduce them  
all. W here, in  specific cases, it is know n that observed errors are predom inantly due to  a 
particular cause then, o f  course, appropriate steps m ay be taken to  deal w ith  this ; how ever, 
in  the m ajority o f  cases it seem s possib le  that the error source responsib le m ay n o t  be easily  
identifiable. P ending the developm ent o f  better m ethods o f  m aking m edian M U F  forecasts, 
the desirability o f  m aking  tem porary em pirical corrections has been recognised. T his has 
been partially successfu l, for  exam ple, o n  the L ondon-A ustralia  circuit w here the I.P .S . 
has introduced an em pirical factor. A  second exam ple occurs in  the T asm an Sea area where  
an em pirical correction  to  the M U F  factor appears to  be required.

3. Gea m ethod.

T he foregoing  discussion  refers to  the generally accepted m eth od  o f  forecasting the m edian  
M U F  from  w hich  the F O T  m ay be deduced. T he G ea m ethod  how ever takes n o  account 
o f  the changes in  solar activity w hich are kn ow n to  p lay a predom inant role in determ ining
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ionospheric  characteristics ; further it im plies a constant value for fo F 2  at sunrise and  sunset, 
and also  a constant rate o f  change o f  fo F 2  w ith  tim e. In  practice m easured values o f  these, 
param eters are found to  vary over w ide lim its depending on  geographical loca tion . In  
consequence o f  these facts it is difficult to  see how  this m ethod can be relied on  to  give  
accurate results for other than a few  specific circuits at certain tim es.

4. LU F .

T he m ain m ethods o f  forecasting the low er lim iting frequency are those em ployed  by C. R .P .L . 
and S .P .I.M . Insufficient w ork has been published on the use in  practice o f  these m ethods to  
allow  any w orth w hile assessm ent to  be m ade o f  their reliability.

There also  exists the A bsorption  L im iting Frequency (A .L .F .) produced by the I.P .S . o f  
A ustralia  ; as this m ethod takes no  account o f  such obviously  im portant factors as no ise , 
transm itter pow ers or gains o f  aerials it can be considered to  be a first app roxim ation  only.

5. Short-term  forecasts.

Short-term  forecasts o f  ionospheric disturbance are m ade in a num ber o f  countries. N ear  
su nspot m inim um  these appear to  be fairly accurate o n  account o f  the strongly developed  
recurrence tendency o f  disturbances ; during h igh  solar activity the reliability is considerably  
less, T he problem  o f  assessing the value o f  disturbance forecasts is bound up w ith  the nuisance  
caused by false alarms w hich at present are inevitable. In spite o f  this, several organizations  
consider such services to  be w orth while.

R E P O R T  N o. 24 *

Q U E S T IO N S  S U B M IT T E D  B Y  T H E  I .F .R .B .* *

(S tudy  G ro u p  N o . VI)

(L ond on , 1953)

T he C .C .I.R . is not yet in  a p osition  to  supply direct and unequivocal replies to  the .three 
questions subm itted by the I.F .R .B .

In connection  w ith question  ( a ) ,  the reasons for this are m ade clear in the Study Program m e  
N o . 60 (VI) w hich replaces Q uestion  N o . 50.

In connection  w ith question (b ) ,  the reasons for  this are m ade clear in  R ecom m end ation  
N o . 115.

In connection  w ith question ( c ) ,  the C .C .I.R . considers that a lthough the general m echanism  
o f  propagation  o f  waves o f  m edium -, low - and  very low -frequency through th e  ionosphere is 
understood, our detailed know ledge is far from  com plete, especia lly  the know ledge o f  the variation  
o f  the signal strength w ith tim e o f  day, season , latitude and phase o f  the solar cycle.

The C .C .I.R . is in a position  n ow  to recom m end the use, o n  a provisional basis on ly , o f  the 
lon g  and m edium  w ave night propagation  curves adop ted  in Cairo 1938, tak ing in to  account  
m odifications m ade by the E uropean B roadcasting C onference in C openhagen.

Q uestion (c )  is included in Study Program m e N o . 64 (VI).

* This Report was adopted unanimously.
** See Resolution No. 10.
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A N N E X

Q u e s t i o n s  s u b m it t e d  b y  t h e  I.F .R .B .

Ionospheric propagation
Q uestion (a )  :

W hat m odification , if  any, sh ould  be m ade to  the m aster F O T  curves used by the M exico  
C ity H igh  F requency B roadcasting C onference in  order to take in to  account experience acquired  
in subsequent years ?

Q uestion (b )  : '

W hat is the best m eth od  o f  calculating field strength produced by a transm itter w orking  
on frequencies above 1500 k c/s by m eans o f  ionospheric propagation  (distances up to  25 000 km ) ?

N ote . —  In  studying this qu estion  the m aterial already subm itted to  the C .C .I.R . in answer
to  :

(a )  C .C .I.R . Q uestion  N o . 50 (Practical uses o f  radio propagation  d a t a ) ;

(b )  C .C .I.R . Q uestion  N o . 69 (B est m eth od  for calculating the field strength produced by a 
tropical broadcasting transm itter) ;

(c )  T he draft recom m endation  (green sheet) * in C .C .I.R . V ol. I should  be taken into  account.

Q uestion (c )  :

W hat m odification , i f  any, should  be m ade to the C .C .I.R . lon g  and m edium  w ave night 
propagation  curves adopted  at C airo in  1938 ? In particular they appear to  need extension  :

i) as a function! o f  m agnetic latitude,

ii) as a fun ction  o f  season,

iii) as a function  o f  solar activity.

N o te :

1. In  revising and extending these curves attention  should  be paid to  the shorter distances 
below  500 km  (to allow , for exam ple, for the evaluation  o f  the effect o f  special vertical 
transm itting aerials designed to  reduce fading in  the outer part o f  the service area) and  
to  d istances b eyond  2000 km  (to a llow  for the evaluation  o f  interference betw een regions).

2. W hile a lo n g  term  study w ill be necessary for  part iii), inform ation regarding i) and  ii) 
m ight possib ly  be availab le in  order to  a llow  an early answer being given to  this urgent 
question .

* This draft Recomm end tion has becom e Recom mendation N o. 115.



—  21 8  —

(Q uestion  N o . 53) 
(S tudy  G ro u p  N o . VI)

(L ond on , 1953)

1. W hat are the desirable characteristics o f  a  so lar index which renders it  m ost applicable to  
ionospheric propagation  ?

A  satisfactory index based on  solar m easurem ents m ust be related sim ply to  som e index o f  
ionospheric ion isation  from  w hich seasonal and diurnal cyclic  effects have been rem oved. 
It is a lso  desirable that the correlation coefficient betw een corresponding pairs o f  the solar  
and ionospheric indexes sh ou ld  be high.

In  add ition , it is desirable that the solar index sh ould  perm it short term  forecast o f  changes 
in  propagation  conditions to  be m ade.

T he index should  preferably refer to  a property o f  the sun, such as rad iation  flux, w h ich  has  
direct physical relationship to  the ionosphere..

T he index should  be m easurable objectively.

A s far as short term  variations are concerned, it should  be borne in  m ind that som e o f  the  
short period variations in ionospheric cond itions are the result o f  com plicated  dynam ical 
phenom ena taking place in  the upper atm osphere. A  solar index, therefore, w h ich  can on ly  
reflect, conditions taking place in  the sun itse lf cannot portray quantitatively  variations o f  
ionospheric conditions over periods shorter than  the m inim um  over w hich these dynam ical 
effects are averaged out.

REPORT No. 25 *

CHOICE OF A BASIC INDEX FOR IONOSPHERIC PROPAGATION

2. W hat so lar phenom ena which can be observed in sufficiently ob jective  manner, w ill p ro v ide  a  
m ore useful index o f  a c tiv ity  fo r  application to ionospheric propaga tion  than rela tive  sunspot 
num bers ?

Solar phenom ena w hich  are usefu l as indexes o f  activity for app lication  to  ionospheric  
propagation, m ay be divided in to  tw o groups :

(a )  Solar phenom ena w hich  can be observed by optical m ethods ;

(b )  Solar phenom ena w hich can be observed o n  radio frequencies.

F or group (a )  the to ta l area o f  hydrogen or calcium  flocculi or the to ta l in tensities o f  H  a 
or other em ission  lines can be m easured objectively. T he tota l area o f  hydrogen  or calcium  
flocculi appear to  be slightly better correlated w ith ionospheric  co n d ition s than  the su n sp ot  
num ber. O n the other hand, such  spectroscopic observations require better con d ition s o f  
visib ility  than sunspot observations. This lim its to  som e extent the availab ility  o f  up -to-date  
data.

T he total intensity o f  em ission  lines has n o t yet provided a useful index.

A s far as is kn ow n at present, non e o f  the solar phenom ena m entioned  above can  be used  
as an index o f  short term  variations o f  ionospheric propagation  cond itions.

* This Report was adopted unanimously.
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A s far as g r o u p i s  concerned, an  index o f solar activity based o n  radio frequency observa
tions, a lthough it has been the object o f  several im portant researches, cannot be considered  
as perfectly defined at present. H ow ever, it has been show n recently that the intensity  o f  
solar radiation on  3000 M c/s is a linear function  closely  linked w ith  the area o f  spots visible  
o n  the sun and that a  c lose  correlation  exists betw een the intensity o f  solar rad iation  on  m etric  
w aves and the appearance o f  groups o f  active sunspots.

3. W hat ionospheric characteristics which can be determ ined . in a sufficiently objective  manner, 
whenever observed, may. be usefully em ployed  as a  basic index fo r  ionospheric p ro p a g a tio n ?

N o  agreem ent has yet been reached as to  w hat ionospheric characteristic m ight be m ost 
usefu lly  em ployed as a basic index for ionospheric propagation. There is hop e, how ever, 
that even where it is n o t possib le  to  construct an  index based on  an exact kn ow led ge o f  the  
m echanism  o f  form ation  o f  the ionospheric  layers, it  m ay still be possib le  to  derive an  index 
based  o n  em pirical relations.

U n til further know ledge is availab le one o f  the fo llow in g  m ight be considered for use as an  
ionospheric  index :

(a )  R egion  character figure o f  the E  and F I layer respectively :

(foE)* . ' . . *e
A e =   ---------  is proportional to —

■ cos x  «e

(fo F l)4 . h i
Ap. =   ----------  is proportional t o -------b\ cos x «F1

where :

A  =  region character figure 
fo =  critical frequency 
X =  zenith angle o f the sun 
I =  intrinsic intensity o f ionising radiation
a =  effective recombination coefficient o f E and FI layer respectively.

(b )  Sm ooth ed  values o f  the critical frequency o f F 2  layer.

Changes in fo F 2  can n ot be sim ply related to  cos x  as for fo E  and f o F l .  F or  various 
reasons it is desirable to  use n o o n  va lues o f  foF 2 , or the m ean o f  a group o f  hours 
centred on  n o o n , and to  averaged o u t daily fluctuations by com puting the m onth ly  
m ean. H aving, elim inated  daily  changes in  this w ay, the rem oval o f  seasonal changes 
m ay be achieved by several m ethods :

b .l The sim plest procedure is to  com pute the 12-m onth running m ean o f  the m onth ly  
values. T his n o t on ly  rem oves the annual cycle but also  sm ooth es o u t any short- 
period changes in the true m onth ly  value o f  the index, and th is m ay n o t alw ays be  
desirable. A  further disadvantage o f  12-m onth running m eans is that the m ost  
recent availab le value at any tim e alw ays refers to a  date six m onths earlier.

b.2 A n  index depend ing on ly  o n  individual m onths can be derived by a m eth od  due to  
A llen  (1) (2) w h o first deduced for a given observatory the m onth ly  m ean values  
o f  n o o n  fo F 2  for zero sunspot num ber. T he index for any actual m on th  is then  
obtained by d iv id ing the m ean for fo F 2  for  that m onth  by the value for the  
corresponding m on th  for zero sunspot num ber. T he agreem ent betw een indexes  
o f  this k ind calcu lated  for a series o f  observatories w as foun d  to  be good . There 
are, how ever, certain  com plem entary features in the behaviour o f  the indexes in  
the N  and S hem ispheres. C onsequently it w ou ld  be advisable to  com bine th e  indexes
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from  a suitably selected group o f  observatories to  form  a reliable index com pletely  
free from  any seasonal effects. A lso , in  view  o f  the anom alous behaviour o f  fo F 2  
at H uancayo, discussed by R atcliffe (3), care w ould  be necessary in  using data  
from  equatorial observations in constructing an index intended to  reflect the general 
level o f  solar activity.

b.3 W hen an observatory has been in  operation  for a com plete solar cycle or longer, 
it is possib le to  deduce the relation betw een a m onth ly  m ean fo F 2  and  som e solar  
index such as sunspot num ber. O nce this relation has been determ ined, it can then  
be used in reverse to  convert an observed value o f  fo F 2  into  an ionosp heric  sunspot 
num ber or, m ore correctly, an ionospheric  index.

A s to  the choice o f  the ionospheric  layer on  w hich to base an index, tw o factors are relevant : 
the sensitivity o f  the critical frequency to  change in solar activity, and the m agnitude o f  irre
gular fluctuations in the critical frequency. E xpressions g iven by A llen  (2) a llow  the sensi

tivities o f  the three principal layers to  be com pared. Table I gives values 

where f  =  critical frequency, and R  =  su nspot num ber for  each layer.

Table I

Sensitivity o f critical frequency (f) 
to change of sunspot number (R)

Layer
R

0 100

E 0.24 0.12
FI 0.31 0.14

- F2 1.0 0.33

In the F 2  layer the critical frequencies are tw o or three tim es m ore sensitive than those  
o f  the E  and F I layers to  change in  sunspot num ber and, therefore, in solar activity. This 
advantage m ust be balanced against the greater irregularity o f  foF 2  particularly during  
disturbed cond itions ; nevertheless, it  seem s likely  that in  spite o f  this defect, the F2 layer  
w ou ld  provide a better index than either o f  the others.

A  further reason for choosing  the F 2  layer w ou ld  be that lon g  distance com m u nication s  
depend m ainly o n  the F 2  layer ; an  index based o n  th is layer rather than  the E  layer w ou ld  
therefore be m ost likely to be capable o f  accurately defining ionospheric co n d ition s on  lo n g  
com m unication  circuits.
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E X C H A N G E  O F  IN F O R M A T IO N  F O R  T H E  P R E P A R A T IO N  O F  S H O R T -T E R M  
F O R E C A S T S  A N D  T H E  T R A N S M IS S IO N  O F  IO N O S P H E R IC  

D IS T U R B A N C E  W A R N IN G S

(R eco m m en d a tio n  N o . 59)
(S tudy  G ro u p  N o . VI)

(L ondon, 1953)

In pursuance o f  the m easures recom m ended by the C .C .I.R . (R ecom m endation  N o . 59, 
G eneva, 1951) and U .R .S .I . (Sydney, 1952) for the rapid exchange o f  geophysical and solar  
in form ation  required for  radio propagation disturbance forecasts, a  first step in  U rsigram  centraliz
ation  and in the un ification  o f  the codes used w as taken on 1st July, 1952, w ith  the inauguration  
o f  E uropean U rsigram  broadcasts from  the French station  o f  P ontoise . T he in form ation  trans
m itted  daily by that station  em anates from  French, G erm an and D u tch  scientific organizations.

T he fo llow in g  m essages are furnished by France and G erm any : C H R O M  (solar chrom o
sphere), C O R O N  (solar corona), M A G N E  (terrestrial m agnetism ), F O D E U  (F 2  critical frequency) 
and E S F R E  (Es critical frequency). SO L E R  m essages (solar radio noise) are supplied by France  
and the N etherlands and C O R A Y  (cosm ic rays) by G erm any.

In accordance w ith  the recom m endation o f  U .R .S .I ., P onto ise  has been broadcasting, several 
tim es per day since 1st January, 1953, daily E uropean U rsigram  program m es.

T he U rsigram  codes, tim es o f  transm ission , and frequencies em ployed  m ay be obtained  
from  :

Bureau Ionospherique Franqais 
196, rue de Paris 
B agneux (Seine)

T he second  stage in  the centralization  process envisaged by U .R .S .I . is the transm ission  to  
Paris by electrical m eans, for  subsequent incorporation  in  the P on to ise  U rsigram s, o f  U .S .A . 
geophysical and solar data assem bled in W ashington, usable w ithin  48 hours for short-term  
forecasting. .

It is h igh ly  desirable that as m any countries as possib le should  participate in  carrying out  
the initial p lan  for U rsigram  broadcasts on  the international scale.

In France, ionosp heric  perturbation announcem ents are at present given in  plain  language  
after the U rsigram  m essages. T hey are also com m unicated by telephone to  the m ain operating  
services.

In  other countries the steps taken in co m p lia n ce . w ith  R ecom m end ation  N o . 59 are a 
fo llow s :

(a) U nited S ta tes  o f  A m erica.

T he basic data are sent by electrical m eans to  the C .R .P .L . w here the forecasts are prepared
and then transm itted from  W W V  or W W V H  depending on whether the forecast is applicable
to  the N orthern  A tlan tic  or N orthern  Pacific areas.

D eta ils  o f  tim es o f  transm ission  and frequencies used m ay be obtained from  :

Central R ad io  Propagation  L aboratory  
N a tio n a l Bureau o f  Standards 
W ashington 25, D .C ., U .S .A .

REPORT No. 26 *

* This Report was adopted unanimously.
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(b) Federal Germ an Republic.

The basic data are sent by electrical m eans to  the Fernm eldetechnisches Z entralam t at 
D arm stadt where the forecasts are prepared and sent by electrical m eans to  transm itting and  
receiving centres operated by the D eutsche B undespost and to  other organizations in  the  
Federal G erm an R epublic.

,(c) Japan.

The basic data for both  short-term  forecasts and U rsigram s are sent by electrical m eans to  
the R .R .L . at T okyo  where the forecasts and U rsigram s are prepared. T he short-term  
forecasts are broadcast from  JJY and the U rsigram s from  JJD. D eta ils  concerning tim es 
o f  transm ission and frequencies in  use m ay be ob ta ined  from  :

R ad io  R esearch L aboratory,
K okubunji P .O .,
K itatam a G un,
T okyo , Japan

(d) N ew  Zealand.

The basic data are assem bled by the Carter O bservatory, W ellington  where the forecasts 
are issued to  the various transm itting and receiving centres operated by the G overnm ent 
agencies w ithin N e w  Zealand.

(e) Netherlands.

The basic data are assem bled by the P .T .T . receiving sta tion  atN ederhorst-den-B erg (“ N era ’ ’) 
and distributed by telex to  D arm stadt F .T .Z . and Paris B .I.F .

R E P O R T  N o . 27

F A D IN G  O F  H F  (D E C A M E T R IC ) A N D  M F  (H E C T O M E T R IC ) S IG N A L S  
P R O P A G A T E D  BY T H E  IO N O S P H E R E

(Q uestions N os. 51 an d  52 —  S tudy  P ro g ram m e N o . 24)
(S tudy  G ro u p  N o . V I)

(L ondon, 1953)
I. Scope o f  R eport.

A s form ulated in  G eneva, Q uestions N o s . 51 and 52 and  Study Program m e N o . 24, seek  
theoretical and experim ental data on  fading phenom ena encountered in  ionospheric  propagation  
o f  waves o f  frequencies up to  about 30 M c/s, and engineering recom m endations w hich a llow  
account to be taken o f  fad ing in estim ating the perform ance o f  radio  circuits. B roadly, in form 
a tio n  has been sought o n  (a )  the statistical representation o f  the variability o f  received signal 
strength, and  (b )  add itional protection  factors appropriate to  the various classes o f  service (e.g. 
telephony, telegraphy, etc.) for  preservation o f  a  specified quality o f  service from  the effects o f  a 
fading signal, w hen  the required signal-to-noise or signal-to-interference ratios are kn ow n for  
stable (non-fading) signals. T he latter aspect (b )  concern ing protection  allow ances has, 
during the course o f  the V llth  Plenary A ssem bly, been  referred for separate consideration  
under Study Program m e N o . 8 (Study G roup N o . I l l )  ; the present report deals w ith results 
concerning :

—  the rapidity, severity and am plitude/tim e distribution o f  rapid or short-period variations o f  
field strength, and the m odification  o f  this d istribution by diversity system s ;

—  the am plitude/tim e distribution o f  day-to-day variations o f  hourly m edian  field strength.
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II. Sum m ary o f  available data.

C ontributions (docum ents subm itted) to  the V llth  Plenary A ssem bly (R eferences 1-6 incl.), 
earlier C .C .I.R . docum ents (R eferences 7-14 incl.), and contem porary technical literature (R efer
ences 15-27 incl.) warrant a report o f  results. A  sum m ary o f  in form ation  contained in  docum ents  
o f  the V llth  C .C .I.R . fo llo w s :

D oc. N os. 22, 23, 24  (F edera l Germ an R epublic).

O bservation o f  the variation  o f  field strengths o f  H F  (decam etric) w aves were con d u cted  
over a period  o f  approxim ately one and a ha lf m onths, using equipm ent w hich m easures the length  
o f  tim e that the am plitude o f  a received signal lies w ith in  each o f  ten  bounded  ranges (a lthough  
the docum ents report on ly  results obtained over one and a ha lf m onths, the m easurem ents have  
continued  over one year, and the results sum m arized below  take advantage o f  new  data availab le  
from  the entire program m e). W W V  transm issions on  10, 15 and 20 M c/s were received at 
D arm stadt using a rhom bic antenna. T he recording period for each set o f  observations was 
30 m inutes. T he fo llo w in g  results were obtained :

1. F ading  observed over an interval o f  30 m inutes gives a log-norm al am plitude distribution  
o f  the received field strength. This is considered, for further analysis, to  represent the hourly  
distribution .* T he hourly deviation a 10% , or ratio o f  the am plitude exceeded 10%  o f  the  
tim e to  the m edian value, F m, has a m ean  value o f  7 db, for  the propagation path  and  
frequencies considered. Thus, according to  the log-norm al d istribution , the hourly  ratio  
o f  the am plitudes exceeded 90%  and 10%  o f  the tim e is 2 x 7  =  14 db. T he deviation  is 
nearly independent o f  the tim e o f  day, date o f  reception , and nearly independent o f frequency  
over the range considered.

2. T o  account for  daily  variations o f  the m edian value F m, °Fm is used to indicate (for any
given  hour o f  the day) the m onth ly  deviation  o f  the hourly m edian values. A n  average value  
o f  11 db is obta ined  for  aFm observed at 10, 15 and 20 M c/s ; the figure m ay have som e  
dependence o n  frequency, but inform ation so  far obtained  is considered inadequate for reliable  
conclu sions to  be drawn. T o  w hat extent apm can be considered constant from  m onth  to  
m onth  depends o n  th e  results o f  further m easurem ents. -

3. T he apparatus used for recording also counts the num ber o f  tim es a g iven level (roughly  
the am plitude exceeded  90%  o f  the tim e) is exceeded and hence gives a m easure o f  the rapidity

. o f  fading. D istr ibution  curves were obtained for the num ber o f  tim es per m inute, D , that 
the reference level is exceeded for the three frequencies investigated . A pproxim ately  G aussian  
distribution  is obta ined  for  log . D . The results can  be sum m arized as fo llo w s :

Frequency Median value of D
D exceeds the value 
given in this column 
in 10% of the cases

10 M c/s 28.0 80
15 M c/s 12.0 50
20 M c/s 9.2 23

* Measurements taken over an interval longer than half an hour, particularly near the times o f sunset and sunrise, tend to 
include systematic diurnal changes in field strength, as well as fading.
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A d dition al statistical analyses have been m ade o f  field fluctuations recorded at Bagneux  
(reported in D o c . N o . 274, G eneva) for the fo llow in g  transm itters :

W W V  20 M c/s, 6000 km  path  
L eipzig 9.732 M c/s, 760 km  path
A llou is 6 .2  M c/s, 180 km  path
W avre 4.13 M c/s, 260 km  path
L im oges 0.710 M c/s, 330 km  path

E ach recording was first analyzed in intervals o f  a few  m inutes, usually  five m inutes, w ith the 
exception  o f  L im oges for w hich the fluctuations were sufficiently slow  for the analysis to  be m ade  
in sections o f  one hour. B ecause different conclusions have been reached in statistical analysis 
o f  field fluctuations on  H F  (decam etric) waves by authors w ho considered fading over longer  
tim e intervals, o f  the order o f  an hour, the field recordings were further analyzed, over intervals 
o f  abou t 30 m inutes.

The distribution approxim ates R ayle igh ’s law  for tim e intervals o f  a few  m inutes, and the  
log-norm al law  for intervals o f  ha lf an hour. T he longer tim e interval is observed to  contain  
slow  fluctuations o f  the field on  H .F . (decametric) waves superim posed on the rapid fluctuations 
resulting in a m odification o f  the statistical distribution. O n W W V  recordings for exam ple, such  
intervals cover both  rapid fading and slow  fluctuations o f  about fifteen m inutes duration.

It is concluded that field fluctuation on H F  (decam etric) w aves involves at least tw o different 
principal phenom ena :

(a )  interference betw een waves traversing different paths, giv ing rise to  rapid fading show ing  
a R ayleigh distribution ;

(b )  the variability o f  ionospheric absorption w ithin an interval o f  the order o f  h a lf an hour or 
longer is sh ow n by the slower fluctuation o f  the field and m ay be represented statistically  
by the log-norm al distribution.

It is recom m ended that further studies should  consider these phenom ena separately and  
should  also take in to  account the type and dim ensions o f  the receiving antenna by m aking  
m easurem ents w ith a sm all antenna, as well as w ith various regular com m unication  antennae.

D oc. N o . 3 0 6  (F r a n c e ) .

Doc. N os. 145, 146 (J a p a n ).

T w o studies have been reported on.

The first is a theoretical analysis o f  fading phenom ena in H F  (decam etric) propagation , as 
related to  the m echanism  o f  the interference o f  m ultiple m odes reflected from  a turbulent 
ionosphere (R eferences 23, 24). U sin g  experim entally observed am plitude distribution and rapidity 
o f  fading (obtained from  field strength recordings o f  JJY  on  4 and 8 M c/s, carried o u t for one  
or tw o w eeks every season since 1948) and assum ing the average values, and distribution o f  
fluctuation o f  atm ospheric density and electron density o f  the ionosphere, it is sh ow n that the  
m ean square path difference

Ap2
X2

can be calculated and considered a usefu l param eter for  the determ ination o f  fading factors.

The second report analyses experim ental results on  fading observed at night o n  m edium  
frequencies (in  the range 540-1600 kc/s) transm itted by seven broadcasting stations located  at 
distances ranging from  300 to  1000 km  from  the T okyo receiving station , over tw elve m onths  
starting in  N ovem ber 1951. E ach period o f  m easurem ent w as 20 m inutes, and abou t seventy
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sets o f  m easurem ents w ere used for  each station  and antenna. A t the receiver either a lo o p  or 
a vertical antenna w as used , and the tim e constant o f  the recorder w as 0.05 sec. F or all observ
ations the m edian value o f  D , i.e. the ratio betw een the quasi-m axim um  (level exceeded 5 % o f  
th e  tim e) and the m edian value, is 6.4 db. It is alm ost independent o f  frequency, distance, season, 
and type, o f  receiving antenna, under the conditions o f  the experim ent. The ind ividual values o f  
D  fluctuate from  4 to  10 db, w ith  a tendency, at long  distances, for the values to  becom e] slightly  
less. C oncern ing the rapidity o f  fading, N  (the num ber o f  tim es per m inute the m edian value o f  
field strength is exceeded), sh ow s variation w ith  frequency, path length  (including the effect o f  
varying angle o f  incidence at the ionosphere), and season. T he m edian values o f  N , for a given  
season , path  and frequency, lie  in  the range from  0 .4  to  a little less than 3.0. W ithin  this range, 
N  increases w ith increasing frequency, decreases w ith increasing path  length, is a m axim um  in  
sum m er and a m inim um  in w inter. Individual values o f  N  fluctuate from  abou t 1/3 to  3 tim es the 
yearly m edian value.

I t  is concluded:

(a )  that D  probably keeps its characteristic value expected from  the R ayleigh  d istr ibu tion ;

(b )  that N  changes to  a com paratively  great e x t e n t ;

(c )  that both  D  and N  sh ow  som e influence from  the radiation characteristics o f  the antennae,
unless the waves arrive by a single hop.

Doc. N o. 27  (N e w  Z ea la n d ).

B ased on  day-to-day operational experience on  p oin t-to-p oin t circuits, and o n  high frequency  
broadcast data, 6 db as an  allow ance for variation from  hour to  hour (Part 2, Q uestion  N o . 52) 
is considered to  be a reasonable value.

A s regards Part 4 o f  Q uestion  N o . 52, w ork is proceeding in N ew  Z ealand on  the m easurem ent 
o f  ionospheric w inds in  the E  and  F  layers using the M itra (C avendish L aboratory) m ethod. 
F rom  the recorded data o f  th is w ork m uch inform ation can be deduced o n  the rapid, hourly  and  
possib ly  the daily variations o f  fading.

D oc. No. 443 (U n ited  S ta tes  o f  A m erica ).

R eferences are given to  earlier and current C .C .I.R . docum ents and contem porary technical 
literature, and it is concluded  that :

(a )  the R ayleigh  distribution  adequately represents the rapid fading am plitude distribution  o f  a 
received ionosphere-reflected  high-frequency signal, w hen rapid fad ing is considered over a 
five m inute period ; ■ -

(b )  that the am plitude distribution  o f  short-period fading (fifteen m inutes to  abou t one hour) 
is represented by the log-norm al distribution, the ratio o f  the field exceeded 10% o f  the  
tim e to  the field exceeded  90%  o f  the tim e being approxim ately 14 db ;

fc )  that for periods from  five to  fifteen m inutes, the average am plitude distribution is betw een  
a R ayleigh  and a log-norm al distribution. In general, the longer the interval, the higher the  
frequency, and the higher the latitude o f  the path , the m ore nearly the average fading  
approaches log-norm al distribution.

Other results reported in the U .S . D ocum ent, such as the ratios o f  tw o signals each fading  
independently and the values for  the fading safety factor w ith and w ithou t diversity operation , 
are considered appropriate to  the question  o f  allow ance for fad ing applicable to  the various 
classes o f  service separately dealt w ith by Study G roup N o . III.
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D oc. N o. 286  (P erm anent S ecretaria t o f  the C .C .I .R .) .

D iversity  system s.

T he im provem ent obtained by the use o f  diversity system s, w ith  respect to  the percentage  
o f  the tim e the signal falls below  a specified value, can  be calculated by a sim ple m athem atical 
m ethod  w hich is the sam e for space diversity , frequency d iversity , and po lariza tion  d iversity  ; the  
only  requirem ent is that the fading o f  the ind ividual signals be uncorrelated.

W hen fn (F ) is the distribution curve for the am plitude o f  the signal received in the n th elem ent 
o f  a  diversity system , fn m eaning that the level F  is ex ceed ed  for f n % o f  the tim e, then fn (F ), the  
percentage o f  tim e for w hich the signal falls below  F , is obviou sly  100 — fn (F).

T he percentage o f  the tim e, f0 (F), for w h ich  n  signals will sim ultaneously fa ll below  F  is : 

fo (F) =  fj (F) . f2 (F) . f3 (F ).   fk ............... fn (F)

and w hen  each o f  the n  signals has the sam e probab ility  distribution  :

fo (F) =  fn (F)

In the special case o f  R ayleigh  distribution, and for  n  =  1, 2, 3, 4  and 9 diversity elem ents, 
the fo llow in g  table show s the percentage o f  tim e during w hich  n  signals fall sim ultaneously below  
1/20, 1/10, 2/10, 3/10 and 10/10 o f  the m edian value F m o f  the signal for  any one receiver.

P e r c e n t a g e  o f  t im e  n  s ig n a l s  f a l l  s im u l t a n e o u s l y  b e l o w  a  g iv e n  l e v e l

Amplitude 
relative 

to median 
level

db 
relative 

to median 
level

Number o f diversity elements

n =  1 n =  2 n — 3 n =  4 n =  9

1/20 Fm -2 6 .0  db 0.12 % 0.0003 % - % - % - %
1/10 Fm -2 0 .0 0.70 0.005 — — —
2/10 Fm -1 4 .0 2.8 0.08 — ■ — •
3/10 Fm -1 0 .5 6.2 0.39 0.02 —

10/10 Fm 0 50.0 25.0 12.5 6.2 0.20

III. Conclusions.

F in a l results have n o t been obtained in .resp ect to  S tudy Program m e N o . 24, nor answ ers  
to. Q uestions N o s . 5 F a n d  52.-. There rem ains a need  for further studies o f  fad ing in  ionosp heric  
p ropagation , in  respect o f  rapidity, depth and am plitud e/tim e distribution o f  rapid or short- 
period fad ing, as w ell as o n  day-to-day variations, and  the dependence o f  these factors on  
frequency, path  length, geography, and level o f  solar activity. W ith respect to  diversity system s 
the theoretical calculations have been based o n  the assum p tion  o f  random  correlation betw een  
signals received in. all pairs o f  elem ents o f  a diversity system .

Further experim ental data are needed regarding the exten t to  w hich this cond ition  is achieved  
in practice, as a function  , o f  .spacing o f  antennae or  frequencies, as w ell perhaps, as the realiz
ability  o f  a certain degree o f  negative correlation.

U n der the conditions 'of the experim ents. (and from  theoretical calculations for diversity  
reception) reported above, it has been foun d  t h a t :
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(a )  T he am plitude distribution  o f  rapid-fading (observed over a period o f  abou t five m inutes or  
less) ionosphere-reflected  signals fo llo w  the R ayleigh  distribution *. T he am plitude distribu
tio n  o f  a ll fad ing observed over a period  from  about fifteen m inutes to  an hour, excluding  
system atic diurnal trend o f  the m edian level, fo llow s a log-norm al distribution ** for  w hich  
the deviation , or ratio o f  the level exceeded 10%  o f  the tim e to  the m edian level, is 7 db. 
F or periods o f  from  abou t five to  fifteen m inutes, the am plitude d istribution  is betw een  
R ayleigh  and log-norm al. In  general, the longer the interval, the higher the frequency and  
the higher the latitude, the m ore nearly the average fading approaches the log-norm al. F or  
intervals up to  as lo n g  as 20 m inutes, n ight-tim e fading o f  m edium  frequencies has sh ow n a 
R ayleigh  distribution. A ll o f  the foregoing  applies to  single frequency, single antenna  
transm ission  and reception. T he results do n o t apply directly to  fad ing o f  to ta l pow er in  
the sidebands o f  rad iotelephone transm ission , or other system s where a diversity effect 
occurs ;

(b )  A  10 db allow ance is reasonable for day-to-day variations, in a given m onth , o f  the hourly  
m edian field strength for  any given hour throughout the day ; th is figure represents, for  a 
given hour, an average ratio o f  the hourly m edian exceeded 10% o f  the days to  the m onth ly  
m edian ;

(c )  T o  obtain  the probability  that n  signals received in  a diversity system  w ill fall sim ultaneously  
b elow  a g iven level, the cum ulative probab ility  fun ction  characterizing the distribution o f  one  
signal should  be raised to  the nth  pow er.

* The distribution curve following Rayleigh's law is given by

P  (E ) =  e -0-693 (E/Em)2

where :
P (E) is the probability (fraction o f the time) that the level of field strength E will be exceeded.
Em is the median value o f field strength.

The Rayleigh distribution is uniquely determined by the choice o f the value Em- In order to decide whether a measured 
distribution curve corresponds to a Rayleigh distribution, it is useful to plot the curve on special coordinates, in which the Rayleigh 
distribution is shown as a straight line (Log P (E) is the ordinate, (E/Em)2 the abscissa).

** The log-normal distribution curve following the Gaussian law is given by :

P (F) =

where :
P (F) is the probability (fraction of the time) that the field strength F  (in db above 1 uV/m) will be exceeded.
Fm (in db) is the median value o f field strength.
a  is the standard deviation in db, so t h a t :

P ( F m - o ) ~ 8 4 %
P ( F m + a ) ~ 1 6 %

The log-normal distribution is uniquely determined by the choice of two parameters Fm  and a. The deviation is 
expressed in practice for probabilities other than the value of 84% associated with the standard deviation. The 10% and 1% 
deviations are, for example,

°10% =  F. (10%) — F (50%)
°i% =  F (  1%) -  F(50% )

The two deviations are related to the standard deviation according to :

aI0% =  1.28 a 
and <*i% =  2.32 a

When it can be assumed that a measured distribution corresponds to a log-normal distribution, it is convenient to plot 
the distribution on probability paper, having a system of coordinates with a scale taking account o f the Gaussian law. The field 
strength should be plotted along the ordinate and expressed in db relative -to 1 fj(.V/m, If  the percentage o f time, or cumulative 
probability, plotted along the abscissa follows the Gaussian probability law, the logarithmic normal distribution gives a straight 
line.

Note by the Director. — The term “ distribution ” refers here to the integral o f the probability density.
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R E P O R T  N o . 28 *

C E N T R A L IS IN G  A G E N C IE S  F O R  T H E  R A P ID  E X C H A N G E  
O F  IN F O R M A T IO N  O N  P R O P A G A T IO N

(R ec o m m e n d a tio n  N o . 11, § 1)
(S tudy  G ro u p  N o . VI)

(G eneva, 1951 —  L ond on , 1953)

The fo llow in g  have been designated by their respective countries as the official agencies for  
the reception, co-ord ination , lia ison  and exchange o f  inform ation relating to  radio propagation .

* This Report was adopted unanimously. It replaces Report N o. 10.

1941.
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REPORT No. 29 *

S T A N D A R D  F R E Q U E N C Y  T R A N S M IS S IO N S  A N D  T IM E  S IG N A L S

(Q u estio n  N o . 54) 
(S tudy  G ro u p  N o . V II)

(L ond on , 1953)

T he A tlantic  C ity R ad io  C onference (1947) charged the C .C .I.R . w ith  the task  o f  studying  
the establishm ent and operation o f  a  w orld-w ide standard-frequency and tim e service. This  
study raises m any problem s that can  on ly  be so lved  by practical experience w ith  experim ental 
transm issions from  m any poin ts, th is being a lo n g  term  process. T he progress o f  the w ork is to  
som e extent apparent from  the Study Program m es and R ecom m endations produced  by successive  
C .C .I.R . m eetings **. This report gives a  connected  accou nt o f  the w ork don e so  far and the plans  
for  its continuation  in  the future, and  it includes im portant inform ation that does n o t appear in  
the form al R ecom m endations and  Study Program m es.

A t the tim e o f  the V th C .C .I.R . Plenary A ssem bly, S tockholm  1948, there was on ly  on e  
standard frequency station , W W V  W ashington, U .S .A ., in  operation  and it w as broadcasting  
continuou sly  on  all the standard frequencies assigned at A tlan tic  City. B y the tim e o f  the V lth
C .C .I.R . Plenary A ssem bly, G eneva 1951, W W V  had  been jo in ed  by experim ental sta tions in  
H aw aii (W W V H ), R ugby, E ngland (M SF ), and T orino, Italy, the first w ith  a  substantia lly  
continuou s service on  three frequencies (5, 10 and  15 M c/s), the others w ith  com paratively  short 
daily or w eekly broadcasts. In add ition  JJY, T o k y o , Japan, w as broadcasting con tin u ou sly  on  
4 and  8 M c/s. B etw een the V lth  (G eneva 1951) and V llth  (L ondon 1953) C .C .I.R . Plenary  
A ssem blies, M SF  w ent in to  continuou s service o n  three frequencies (2.5, 5 and  10 M c/s) and  
JJY com m enced  w eekly experim ental transm issions o n  each  o f  the sam e three frequencies. 
C ontinuous transm issions were started on  5 M c/s from  the U n io n  O bservatory, Johannesburg, 
Sou th  A frica, call sign Z R E 2 1 . A  low  pow er (20 W att) transm ission w as a lso  started from  the  
observatory at U ccle , B elgium . A ssoc iated  w ith  these developm ents in transm issions there has 
been am ple evidence o f  the ever-increasing dem and for and  use o f  standard frequency broadcasts, 
particularly the tim e signals.

A t the L ondon m eeting p lans were announced for continuou s transm issions o n  2.5 , 5 and  
10 M c/s  from  station  JJY, the precise arrangem ents for  the 10 M c/s and  transm issions being  
dependent on  the degree o f  m utual interference betw een JJY and W W V H  ; som e tim e-sharing  
arrangem ent m ay prove to  be necessary. It w as a lso  announced  that preparations were in  hand  
for  daily (1600-1700 hrs. U .T .) transm issions on  5 M c/s from  T orino, n ow  w ith  the call sign  IB F , 
in add ition  to  the existing T uesday transm issions.

T he ultim ate objective o f  the w ork is the estab lishm ent o f  a continuou sly  availab le w orld
w ide standard-frequency and tim e service in  the frequency bands a llocated  by  the A tlan tic  C ity  
R ad io  C onference and, from  evidence presented to  the L on d on  m eeting, it appears that, by  su itab le  
choice  o f  the frequency by the user, a  service is availab le at a ll hours over N o rth  A m erica, m uch o f  
the Pacific O cean, and m uch o f  E urope, by stations W W V , W W V H  and M SF . T he tests m ade by  
station  JJY on  2 .5 , 5 and 10 M c/s sh ow  that the w h ole  o f  Japan w ill receive a con tin u ou s service  
from  this station  w hen the forth com in g  con tin u ou s transm ission  com m ences ; n o  d ou bt the  
service area w ill extend far beyond the borders o f  Japan. There w ill still rem ain how ever m any  
large and  pop u lous areas o f  the w orld , such as Sou th  A m erica, parts o f  A frica , parts o f  A sia  
and A ustralasia, where the service is n o  m ore than interm ittent, and the sam e applies to  som e  
im portant sh ipping and air routes. T his state o f  affairs can on ly  be rem edied by the provision

* This Report was adopted unanimously.
** Recommendation N o . 18, Recommendation N o . 70, Study Programme N o . 25, Recom m endation N o . 122, Study

Programme N o . 68 (VII).
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o f  add itional transm issions from  suitably located  poin ts. In  this connexion  it is pertinent that 
very usefu l results are being obtained with transm itter pow ers o f  the order o f  1 kW  (W W V H , 
M SF , IB F , JJY) ; it is clear that large and expensive transm itters are n o t necessary.

A t m any p laces where strong signals are received from  o n e  or m ore standard frequency  
stations the service is o ften  rendered useless for lon g  periods by interference from  com m unication  
stations. S ince the standard frequency and tim e service is intended to  be o f  general benefit, 
adm inistrations are urged to  co-operate in  clearing the standard frequency bands (R ecom m endation  
N o . 122). A s lo n g  as the existing interference continues the proposed  sim ultaneous interruption  
o f  transm issions from  all standard frequency stations, so  that radio noise  m ay be m easured, 
w ou ld  be o f  little  value and for the tim e being it is n o t considered useful to  include this question  
in R ecom m en d ation  N o . 122 and Study Program m e N o . 68 (VII).

M utual interference betw een standard frequency transm issions has been regarded as a potentia l 
source o f  serious trouble from  the inception  o f  the work. T he evidence available at present show s  
that such interference causes little trouble to the “ ordinary ”  user o f  the service, w ho is interested  
in  tim e or frequency calibrations o f  m oderate accuracy, say 1 part in  106 in term s o f  carrier fre
quency, or to  rather better than 1 second  in terms o f  tim e. Specialist users interested in  precise  
frequency com parisons or tim e determ inations, are how ever o ften  seriously inconvenienced ; 
high ly  accurate frequency com parisons are practically im possib le w hen tw o signals o f  com parable  
strength are present. H ighly accurate frequency calibrations are being m ade to  an  increasing  
exten t in  term s o f  tim e signals, w h ich  are less disturbed by m utual interference and w hich are 
less subject to  D o p p ler  errors. In the case o f  tim e signal transm issions m utual interference 
gives rise to  the difficulty o f  identifying the signals that originate independently a t the different 
stations and th e  proposals, m ade at earlier m eetings, for the use o f  different sub-carrier 
frequencies and for tim e-sharing are continued  in R ecom m end ation  N o . 122 and Study P ro
gram m e N o . 68 (VII). Experience has show n that h igh ly accurate tim e signal m easurem ents 
can  be m ade, desp ite the presence o f  m ore than one signal, by the use o f  a suitable cathode  
ray o sc illo sco p e  display.

T he m ain criticism s o f  the tim e signals have been in  term s o f  (a ) inadequate pow er, (b )  poor  
identification  o f  the m inutes, and (c )  interference from  add itional audio frequency m odulation . 
T he second  and third o f  these have given rise to  definite recom m endations for positive  m inute  
identification  by lengthening the first im pulse o f  each m inute and  for the inclu sion  in  the p ro
gram m e cycle o f  a transm ission  o f  a reasonably lo n g  period o f  tim e im pulses unaccom panied  by  
any other m od u la tion  (R ecom m endation  N o . 122). Several proposals have been m ade for  increas
ing  the energy content o f  the tim e im pulses and these are incorporated in Study Program m e  
N o . 68 (VII). I f  the energy content o f  the tim e im pulses can be greatly increased, for exam ple  
by the use  o f  high -peak-pow er pulse transm itters, the reception o f  a  distant transm ission  in  the  
presence o f  a lo ca l one, as is required in  several im portant scientific uses, for exam ple propagation
tim e determ ination, w ill be greatly facilitated.

It is h o p ed  that the preparation and distribution o f  reports o n  the deviations and adjustm ents  
o f  standard frequency transm issions (R ecom m end ation  N o . 122) w ill be expedited  in the future. 
R eports relating to  sta tions JJY and IB F  w ill be  availab le in  the near future. Since the reports 
relating to  o n e  sta tio n  are o f  particular interest to  those concerned  w ith  the operation o f  another,, 
it  is proposed  that the reports cou ld  usefu lly  be interchanged directly betw een the stations, as 
w ell as through C .C .I.R . channels, to  reduce delay. T he F orm s B , C  and D  called  for in  Study  
Program m e N o . 25 have been little  used . It is considered that their value does n o t m erit the  
considerable labou r invo lved  in  their regular preparation and distribution. It has been decided  
to  d iscontin ue their distribution  and to  rely o n  the norm al conference docum ents subm itted by 
adm inistrations to  the C .C .I.R . for in form ation  on  service and interference areas. It is thought 
that direct action  by  an adm inistration operating a standard frequency station  that suffers inter
ference from  a com m u nication  service is m ore likely to  produce rapid and effective results than  
the passing o f  reports through C .C .I.R . channels.

R eference to  propagation  disturbance w arnings, w hich w as included  in  the recom m endations  
o f  earlier m eetings, has been om itted  from  R ecom m end ation  N o . 122 because o f  the difficulties 
that w ou ld  arise i f  several different standard frequency stations a ll broadcast propagation  in form 
ation , w h ich w o u ld  in  general differ from  station  to  station, fo r  it  w ou ld  refer to  different radio
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paths. A lso  it is feared that if  the am ount o f  such inform ation  included in  standard frequency  
transm issions were to increase greatly, the usefulness o f  the transm issions for  their primary  
purpose w ou ld  be decreased. T he U .S .A . and Japan, how ever, declared their in ten tion  o f  co n 
tinuing their broadcasts o f  ionospheric in form ation in their standard frequency transm issions.

O n the other hand Study G roup VI have proposed  (Study P rogram m e N o . 62 (V I)) a technique  
to  facilitate the use o f  standard frequency transm issions for  field strength m easurem ents 
in  propagation studies. T he study o f  this problem  has been included  in  Study Program m e  
N o . 68 (VII).

R E P O R T  N o . 30 *

T H E  U S E  O F  R A D IO  C IR C U IT S  
IN  A S S O C IA T IO N  W IT H  5 -U N IT  S T A R T -S T O P  T E L E G R A P H  A P P A R A T U S

(Q u estio n  N o . 19 — S tudy  P ro g ram m e N o . 27)
(S tudy  G ro u p  N o . IX )

T he C .C .I.R ., (L ondon, 1953)

CONSIDERING !

(a )  T hat Art. 34, § 3 o f  the Telegraph R egulations (Paris R evision , 1949) recom m ends the use 
o n  international telegraph circuits, subject to  certain reservations, o f  5-unit apparatus 
em ploying the International Telegraph alphabet N o . 2 ;

(b )  T hat it is desirable to  provide sim ple m eans o f  interconnecting wire and radio circu its ;

(c )  T hat considerable use  is being m ade o f  synchronous and start-stop telegraph system s on  
international radio circuits ;

(d )  T hat the use o f  the 5-unit code, particularly in  start-stop system s, is liab le to  errors not 
im m ediately detectable ;

(e )  T hat the use o f  special codes on the radio circuit perm its a reduction in the num ber o f  
errors ;

UNANIMOUSLY REPORTS AS FOLLOW S !

In considering w hether or n o t to  adopt synchronous or start-stop system s using 5-unit code
on radio circuits, adm inistrations recognize that :

1. Synchronous system s generally give rise to  fewer errors than do start-stop system s operating  
at the sam e or som ew hat low er baud speeds, and that the poorer perform ance o f  the latter 
is partly due to  the transient loss o f  synchronism  that m ay fo llo w  the m utila tion  o f  a start 
or a stop  s ig n a l;

2. A nother factor handicapping the start-stop system  is its inherently sm aller tolerance to  
distortion ;

3. N otw ith stand in g  factors 1. and 2. above, the quality o f  the radio transm ission  and  certain  
operational factors, including the m inim um  accuracy necessary for the type o f  traffic being  
handled and the volum e o f  such traffic, w ill largely determ ine whether synchronous or start- 
stop  system s are preferable in any particular case.

* This Report was adopted unanimously.
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W ID E -B A N D  R A D IO  S Y S T E M S  O P E R A T IN G  IN  T H E  V H F  (M E T R IC ), 
U H F  (D E C IM E T R IC ) A N D  S H F  (C E N T IM E T R IC ) B A N D S

(S tu d y  P r o g r a m m  N o .  28  (IX ))  

(S tu d y  G r o u p  N o .  IX )

(L ond on, 1953)

A fter considering the various docum ents subm itted by adm inistrations in  connection  with  
Study Program m e N o . 28 (IX ) the V llth  Plenary A ssem bly o f  the C .C .L R . finds that it is clear  
that this w ork  is o f  a very lo n g  term  nature. Indeed it is for consideration  whether or n o t it is 
practicable at the present stage o f  developm ent o f  the types o f  system  being considered to  be  
specific abou t m any o f  the subjects m entioned  in  the Study Program m e. T he process o f  engineering  
ev o lu tio n  does n o t appear to  have gone far enough for judgm ents to  be m ade w hich m ay not 
be sh ow n to  be w rong at a later stage o f  developm ent. T he C .C .I.R . has therefore decided to  
retain the Study Program m e.

N evertheless, at this stage, it has been found desirable to  form ulate a num ber o f  questions  
in an endeavour to  m ake the future w ork o f  the C .C .I.R . in this m atter m ore definite.

T he discussions w hich have taken place during the V llth  Plenary A ssem bly have enabled  
the view s o f  various adm inistrations on  certain aspects o f  Study Program m e N o . 28 (IX ) to  be 
assessed and com pared. T hese op in ions are sum m arized below  (the paragraph num bering  
corresponds to that used in form ulating Study Program m e N o . 28 (IX ).

1. Q uestions fo r  stu dy  by  the C .C .I.F .

In form ation  is aw aited from  the C .C .I.F .

2. Q uestions f o r  study b y  the C .C .I.R .

2.1 Transm ission characteristics o f  radio system s.

T he general principle la id  dow n in R ecom m end ation  N o . 40  that for  radio telephone  
system s operating at frequencies above 30 M c/s, the objective sh ou ld  be to  attain the 
transm ission  perform ance recom m ended by the C .C .I.F ., is reaffirmed. It is noted  that 
w hilst the transm ission  characteristics o f  frequency-d ivision m ultip lex radio system s m ay  
be readily related to  the relevant C .C .I.F . standards, it is to o  early yet to  form ulate  
transm ission characteristics for tim e division  m ultip lex system s, and that these, in m ost 
cases, cannot be directly related in detail to  existing C .C .I.F . standards.

H ow ever, it is no ted  that there is an increasing num ber o f  types o f  w ide-band radio  
system s in use, and it  appears that there are advantages to  be gained by standardising  
as m any relevant characteristics as possib le. Three new  questions (Q uestions N o s . 92
(IX ), 93 (IX ) and 97 (IX )) are therefore subm itted in an endeavour to  m ake the study
m ore specific.

2.2 R adio  propagation , fad ing , d iversity  reception , noise and interference.

T he large num ber o f  factors that have to  be taken in to  account in any propagation  
study are em phasised  and reference is m ade to  papers by B ullington ** in w h ich sim plified  
data are sum m arized in  nom ogram  form . T he need is stressed for different approaches 
to  system  surveys in  the V H F  (m etric), U H F  (decim etric) and S H F  (centim etric) bands 
and a lso  for use o f  the h igh est su itable operating frequency.

, REPORT No. 31 *

* This R epoit was adopted unanimously.
** “ Radio Propagation at Frequencies above 30 Me s ” , K. B u l l i n g t o n , Proc. I.R.E., October 1947, 35.
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A  question  (Q uestion  N o . 85 (V)) is proposed  because existing propagation  questions  
were fram ed to  provide answers w hich are n o t directly usable by po in t-to -p o in t system  
designers, and since the overall signal-to-noise  ratio  perform ance o f  radio system s is 
directly dependent upon propagation  characteristics.

2.3 C onsiderations involved in choice o f  sites fo r  radio stations.

T he large am ount o f  prelim inary w ork that is necessary before laying ou t a  radio system  I 
the need for accurate topographical m aps (or fa iling  that the need for  aerial survey), and  
the need  for propagation  tests in order to  confirm  the proposed  cho ice  o f  station  loca tion s  
and antenna heights are em phasised *. Such tests are regarded as essentia l at present, 
but it  should  be a longer-term  aim  o f  the radio engineer to  determ ine the correlation  
betw een radio-propagation  characteristics and geographical and clim atic cond itions  
in order that future p lanning m ay becom e less dependent on the results o f  lo ca l p ro
pagation  tests. It is particularly im portant to  pay  careful atten tion  to  length  o f  link- 
section , antenna-height etc., on  any section  o f  a U H F  (decim etric) or S H F  (centim etric) 
system  that traverses terrain where weather conditions are k n ow n to  be very stable, 
or o n  the other hand where substantial ground reflections are to  be expected. E xam ples  
o f  such terrain are over-water paths, extensive salt flats or other overland paths where  
the intervening ground is relatively flat and unbroken.

2 .4  M odulation  processes an d  m ethods o f  m ultiplexing.

For lo n g  distance broad band system s there are operational and technical advantages  
in  using frequency div ision  m ultiplex, in order that blocks o f  channels in  such system s  
m ay be connected directly to  sim ilar blocks in line  transm ission system s, and  that 
advantage m ay be taken o f  the peak-load-sharing features inherent in  such  system s. 
H ow ever, w hile it is considered undesirable to  m ake specific recom m endations a t th is 
stage for  system s o f  m odu lation , m ultip lexing or in terconnection  at radio frequencies, 
tw o new  questions (Q uestions N o s. 92 (IX ) and 93 (IX )) are p roposed  in an attem pt 
to  guide future studies in  the hop e that it  m ay be possib le to  avo id  further divergence  
o f  practice in cases where standardisation o f  certain overall system  param eters seem s 
desirable.

2.5 R adio  equipm ent ( T ransm itters , receivers, re lay stations, aerials, an d  transm ission lines)

A  study o f  system s in current use has revealed a considerable variety o f  types o f  equ ip 
m ent, and  that there are differences even  betw een system s o f  sim ilar perform ance  
operating at sim ilar frequencies. E qu ipm ent w ill, in  general, be  engineered by  the  
m anufacturers or users to  be suitable for each particular case. T herefore, the attention  
o f  the C .C .I.R . should  be confined to  the overall results obtained.

2.6 M ethods o f  m easurem ent on a radio system .

W hen a radio system  is connected  to  land lines its overall perform ance can  be m easured  
betw een the landline term inal po in ts as thou gh  it were part o f  that system . T he m eth ods  
to  be used for m easuring perform ance o f  rad io  system s w ill generally be specified by  
the m anufacturer or engineer designing the system .

N evertheless it is desirable to  coord in ate  system  m easurem ent and m aintenance p ro 
cedures in  the case o f  integrated line and  radio netw orks and to  m ake future studies  
m ore specific a question  (Q uestion  N o . 96 (IX )) has been form ulated .

* “ A technique for 4000 Mc/s propagation testing for radio-relay systems ” , W.J. B r a y  & R.L. C o r k e ,  Journal I.E.E., 
Part. Ill.a , No. 18, 1952 p. 281 and seq.

“ Path testing for a radio route ” , R .D . C a m p b e l l ,  Electrical Engineering, 7 2 , No. 7 , July 1953.
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Since, how ever, the portion  o f  a radio system  w h ose perform ance is least predictable  
is th e  transm ission  path  it m ay be desirable to  m easure separately those param eters 
w hich affect transm ission  over the radio path.

3. Q uestion  fo r  s tu d y  b y  the C .C .I.F . with C .C .I.R . representatives.

In form ation  is aw aited  from  the C .C .I.F .

4. Q uestion f o r  study b y  the C .C .I .R . with C .C .I.F . representatives.

4.1 Supervisory  a n d  m onitoring fa c ilitie s  on radio system s.

It m ay be necessary to  adopt different procedures on  radio system s, the term inal stations  
o f  w h ich  conta in  channel m odulating and translating equipm ent, and o n  radio system s 
w hich  are c losely  integrated w ith cable system s, for exam ple, radio system s in  which  
the final aud io  or carrier line term inal equipm ent is distant from  the radio-term inal 
station.

In  certain circum stances the perform ance o f  radio system s m ight be degraded by a 
requirem ent for  supervisory or p ilot signals o f  an associated  cable system  to  be transm itted  
over the radio system  and vice versa. Sim ilarly, add itional requirem ents m ay be im posed  
u p o n  a cable system  i f  it is required to  transm it, in  addition , supervisory signals from  
the radio  system . T hus there m ay be advantages in  separating the tw o supervisory  
system s in such  cases.

T he supervisory and m onitoring facilities on  radio-relay- system s w ill, in  m any cases, 
be specified by the m anufacturer or engineer designing the system .

4 .2  The percen tage o f  tim e during which the required transm ission characteristics can be  
e x p ec ted  to be m et fo r  telephone, broadcast program m e, television an d  telegraph signals.

T his portion  o f  the Study Program m e is a lon g  term  study, and answers can be derived  
only  from  lo n g  experience. It is essentia l that as m uch in form ation  as possib le on  the  
overall perform ance o f  m ulti-link  broad band radio relay system s be com piled . It w ould  
be very desirable i f  the C .C .I.F . w ou ld  provide in form ation  to  the C .C .I.R . o n  the  
percentage o f  tim e during which specified transm ission  characteristics, in  particular  
noise-level or signal-to-noise  ratios, are achieved in  practice on  existing cable system s 
for various types o f  signal. T o  this end tw o questions have been form ulated  for  su b 
m ission  to  the C .C .I.F . (Q uestions N o s . I l l  and  112).

R E P O R T  N o . 32 *

H IG H  F R E Q U E N C Y  B R O A D C A S T IN G  : D IR E C T IO N A L  A N T E N N A  S Y S T E M S

(Q uestion  N o . 23 (X)) 
(S tudy  G ro u p  N o . X)

(L ondon, 1953)

Q uestion  N o . 23 (X ) is concerned w ith the reduction  o f  subsidiary lobes in  h igh frequency  
broadcasting directional antenna system s for the purpose o f  avo id ing  interference in  frequency  
sharing. T his interference is generally caused by the radiation  pattern o f  the transm itting antenna  
havin g  subsid iary lobes in  unw anted  directions, or by scatter o f  the energy o f  the m ain  lobe, due  
to  prop agation  anom alies. R ed u ction  in  intensity o f  the subsid iary lobes is possib le  by correct

* This Report was adopted unanimously.
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antenna design, w hile the propagation scatter in unw anted directions presents a com plex problem , 
and its effect should  be treated statistically.

A  large am ount o f  w ork has been done on  the properties o f  d irectional antennae and on the  
elim ination  o f  subsidiary lobes. Foster (1) has show n that by proper ch o ice  o f  rhom bic antenna  
param eters, optim um  subsidiary lobe reduction can be obtained, w ith in  a lim ited  frequency  
range, w ithou t significant im pairm ent o f  the m ain lobe. A  convenien t m ethod  o f  design o f  such  
an antenna is presented by Laport (2). Further im provem ents in subsidiary lob e  reduction can  
be achieved by stacked or coplanar arrays as show n by C hristiansen (3) (4) (5). Such arrays, 
although m ore com plex , w ill provide a m ore satisfactory pattern than a single antenna.

In broadside arrays reduction o f  subsidiary lobes is in general accom plished  to  a higher  
degree than in  the rhom bic arrays ; utilising the binom ial distribution (6), the subsidiary lobes  
can be elim inated to  a large extent although the m ain beam  is slightly broadened. A  narrower  
beam  w ith sm all subsidiary lobes is possib le by applying the D o lph -T ch eb yscheff distribution
(6) (7). T hus, for a m axim um  subsidiary lobe intensity 20 db below  that o f  the m ain lobe, it is 
p ossib le  to  get a beam  w idth o f  27°. It should be noted  that C hristiansen (5) attains results from  
a four-unit array o f  rhom bics w hich are equivalent to  large arrays o f  tuned elem ents. H e co n 
firmed this on  radiotelegraph circuits over a period o f  som e years.

R edu ction  o f  subsidiary lobes w hen the m ain beam  is slew ed is a difficult problem  as the angle  
o f  slew, type o f  antenna, and distortion  o f  its radiation pattern m ust be considered. This m akes 
it m ore difficult to  give general rules for subsidiary lob e  reduction.

A  type o f  array com m on ly  used (8) consists o f  four row s o f  radiating elem ents, each containing  
four elem ents w ith the low est row  one w avelength above ground. T he array is norm ally provided  
w ith a reflector, and the feeder arrangem ents usually a llow  for reversing or slew ing. The slew ing  
in azim uth o f  the direction o f m axim um  radiation o f  this type o f  array is ach ieved  by the adjust
m ent o f  the relative phase o f  the current distribution betw een the left and right halves o f  the 
array. T he lim it o f  effective slew ing by this m eans can be taken as 17° o n  either side o f  the norm al 
direction, but the am ount o f  slew  com m only used does n ot as a rule exceed 15°.

W hile th is m ethod  o f  slew ing does not appreciably affect the h orizon ta l w idth  o f  the m ain  
lobe o f  radiation , it does increase its asym m etry and at the sam e tim e produces a principal 
subsidiary lo b e  o f  considerable intensity. T he ratio o f  the field strength o f  the m ain lob e  in  a 
slew ed array com pared w ith that in  the unslew ed con d ition  has been determ ined theoretically  ; 
for the type o f  aerial under discussion the ratios for 0°, 5°, 10° and 15° o f  slew  w ou ld  be 1.0, .98, 
.94 and .84. Sim ilarly the ratio o f  the field strength o f  the principal subsid iary lobe to  that o f  the  
m ain lobe can also  be determ ined and for the sam e angles o f  slew  w ou ld  be .18, .27, .45 and .7 
respectively. T hese theoretical figures are in close  agreem ent w ith m easured values (9).

A lthough it is possib le, as described in the pu b lications m entioned  above, to  achieve a 
substantial degree o f  suppression o f  side lobes w ith either rhom bic or curtain arrays, the m ethods  
so far em ployed  introduce m echanical difficulties and increase the cost. It is therefore proposed  
that further consideration  be given to the best m ethod  o f  specify ing a degree o f  suppression , for  
exam ple :

(a )  by lim iting radiation in a specified direction, so  as to  avoid  interference in  the reception  
area o f  another transm ission, to a certain proportion  o f that g iven by an om nidirectional 
a e r ia l;

(b )  by lim iting the radiation over a w ide angle, w h ich excludes the m ain  lobe and any neigh
bouring strong subsidiary lobes, to  a certain proportion  o f  that given by an om ni
directional aerial ;

(c )  by  lim iting radiation in all directions other than those com prised  in the m ain lobe to a certain  
proportion  o f  that given by an om nidirectional aerial.
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R E P O R T  N o . 33 *

Q U E S T IO N S  N os. 14 A N D  15 O F  T H E  C .C .I.F .

(S tudy  G ro u p  N o . X )

(L ond on , 1953)
Question N o. 14.

M any adm inistrations consider that the m ost significant param eter to  m onitor at the input 
o f  a radio te leph one circuit during transm ission  is the peak value o f  the program m e voltage. 
Since d istortions o f  very short duration m ay generally be tolerated , how ever, a peak  m eter w ith  
an in tegration  tim e o f  up  to about 30 m illiseconds is com m on ly  used.

O ther adm inistrations consider that several param eters ough t to  be m onitored at the input, 
am ongst others the peak  value, the m ean value and the m in im um  value, and that the V U  type  
o f  m eter w ith  an  integration tim e o f  abou t 300 m illiseconds gives an ind ication  that bears a 
relationsh ip  to  these values and has been found satisfactory in  practice.

T he level ind icated  by a V U  type o f  m eter w ill generally differ from  that ind icated  by a 
“ peak  ”  type o f  m eter by an am ount that varies according to  the type o f  program m e and w hich  

'm a y  be 10 db or m ore.

Question N o. 15.

A lth o u g h  there is evidence to  show  that the present provisional psophom eter curve is not 
entirely satisfactory, it is considered untim ely to  change it until m ore com prehensive data are 
available.

W hen such data are availab le it is desirable that a new  w eighting curve should  be form ulated , 
extending to  the h igher and low er frequencies and if  p ossib le  in  a form  that could  be obtained  
by reasonably  sim ple electrical networks.

It is also  considered  desirable to  establish  a m ethod  o f  m easuring disturbances, the energies 
o f  w hich are concentrated  at discrete frequencies.

N ote. —  T his report is to  be transm itted to  the C .C .I.F .

* This R eport was adopted unanimously.
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R E P O R T  N o . 34

R A T IO  O F  T H E  W A N T E D  T O  T H E  U N W A N T E D  S IG N A L  
IN  T E L E V IS IO N

(Q u estio n  N o . 67 (X I)) 
(S tudy  G ro u p  N o . X I)

(L ond on , 1953)

This report has been prepared using the available results o f  subjective tests o n  the to lerab le  
ratios “ w anted signal/unw anted signal ”  in  television.

T he protection  ratios given in  this report are considered acceptable for  a short percentage  
o f  the tim e, n ot precisely defined, but assum ed to  be betw een 1 % and 10%.

The protection ratios refer to  a view ing distance o f  four tim es the picture height.

The protection ratios refer to  the lim it o f  just tolerable interference : p rotection  ratios for  
just perceptible interference w ou ld  be 6 to  10 db higher.

W hen utilizing the protection  ratios, su itab le allow ance w ill have  to  be m ade for  fad ing by 
adding to  these ratios the ro o t sum  square o f  the fading o f  the w anted  and un w anted  signals. 
A lternatively, the a llow ance for  fad ing can be determ ined using the curves o f  field  strengths 
exceeded for 1 % or 10% o f  the tim e w hen fad ing  o f  the w anted signal is sm all com pared to  the  
fading o f  the unw anted signal.

N o  account has been taken o f  the possib le effect o f  using d irectional receiving antennae or 
o f  the advantage w h ich  m ight be gained by using different po larisations for transm ission  o f  the  
w anted and unw anted signals. T he protection  ratios quoted refer in  a ll cases to  the signals at the 
input o f  the receiver.

T he values to  be considered are respectively the R M S  value o f  the carrier at the peak  o f  the 
m odu lation  envelope for  the television  signal and the R M S  values o f  the unm odulated  carrier 
for am plitude m odulated  and frequency m odulated  sound transm issions.

1. Interference within the sam e ch an n el—  P rotec tion  ra tio  fo r  the p ic tu re  signal when the w anted  
and unw anted signals have the sam e line frequency.

(a) C arriers separa ted  less than 100 c /s  bu t no t synchronized.

Just tolerable interference : 45 db.

(b) C arriers separa ted  b y  2 /3  o f  the line frequency.

Just tolerable interference : 30 db.

(c) Carriers separa ted  b y  1 /2  o f  the line frequency.

Just tolerable interference : 27 db.

2. Interference within the sam e channel —  P ro tec tion  ra tio  fo r  the p ic tu re  signal when the w anted  
and unw anted signals have different line frequencies.

(a) C arriers sepa ra ted  less than 100 c /s  bu t not synchronized.

Just tolerable interference : 45 db.

(b) Carriers separa ted  b y  1 /2  or 2 /3  o f  the line frequency  o f  the w anted  signal.

A s in  case 1 (b) and 1 (c) the offset brings an im provem ent in  the protection  o f  the  
picture signal. T his im provem ent, how ever, is reduced, since the line frequency o f  the
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unw anted signal is different from  the line frequency o f  the w anted s ig n a l ; the am ount 
o f  the reduction  depends o n  the relation  betw een the line frequencies. M ore tests are 
needed before figures can  be g iven for the protection  ratios in  this case.

3. A djacen t channel interference.

T he w orst interference o n  the picture signal results from  the sound transm ission  in  the  
adjacent channel. T he figures given below  relate to  the case w hen the separation betw een  
the v ision  carrier and the adjacent channel sound carrier is 1.5 M c/s.

(a) Frequency m odu la ted  sound carrier.

Just tolerable interference : —6 db.

(b) A m plitude m odu la ted  sound carrier.

Just tolerable interference : 0  db.

Fairly conservative values have been chosen , to  take account o f  the divergence in  perform ance  
betw een different types o f  te lev is ion  receivers. H ow ever, future developm ents in  receiver  

- design  w ill probably enable som ew hat higher interfering signals to  be tolerated  in all cases.

4. O verlapping channel interference.

In  th e  attached figure, curves are g iven  for the protection ratio required w hen a  te levision  
signal, using 819, 625, 525 or 403 lines suffers interference from  a v ision  signal o f  any o f  the  
system s or by a frequency m odulated  sou nd signal. The curves cover the case w hen  the  
carrier o f  the interfering signal lies w ith in  the v ision  channel o f  the w anted transm ission . 
I f  the interfering signal is an  am plitude m odulated  sound signal, 5 db sh o u ld  be add ed  to  
the protection  ratios sh ow n by the curves. These curves are tentative and  m ay require  
m odification  in  the ligh t o f  further experience.
It is theoretically  possib le  to  gain  a further advantage by the use o f  offset m ethods usin g  a 
frequency separation  betw een the carriers equal to  an odd  m ultiple o f  h a lf  the line  frequency. 
Further tests are needed before it can  be said w hat precise advantage cou ld  be derived. 
V ariation o f  line frequency w ould  render difficult the offsetting at h igh  m ultip les o f  h a lf  the  
line frequency.
In  the particular case o f  overlapping sidebands kn ow n as the “ tete-beche ”  arrangem ent, 
the protection  ratio can be roughly  estim ated from  the curves in  the attached figure and  
from  the rejection afforded to  the unw anted carrier. M ore tests are needed before further 
guidance can be given for the protection  ratios required for specific cases.

5. P rotection  ratio  fo r  the sound signal (for just tolerable interference).

(a) W anted and unw anted frequ en cy  m odu la ted  signals: 20 db.

(b) W anted an d  unw anted am plitude m odulated  signals:

F o r  a frequency difference below  the audio frequency range : 30 db.
F o r  a frequency difference w ith in  the aud io  frequency range : 40  db.
F or a frequency difference above the aud io  frequency range : 15 db.

(c) W anted am plitude m odu la ted  signal, unw anted frequency m odulated  signal:

N o  frequency difference : 40  db.
25 k c/s frequency difference : 30 db.
50 kc/s frequency difference : . 12 db.

(d) W anted frequency m odu la ted  signal, unw anted am plitude m odulated  sig n a l: 20 db.

T he above quoted  figures, w h ile g iv in g  the protection  ratios required, w ill in  practice be used
to  determ ine the frequency separation  w hich m ay be needed betw een the sou n d  carriers. 
T he C .C .I.R . is o f  the op in io n  that Q uestion  N o . 67 (X I) should  rem ain o n  the agenda and  
that further theoretical and  experim ental w ork  should  continue o n  this question .
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P r o t e c t io n  r a t io s  r e q u ir e d  by  v is io n  s ig n a l  a g a in s t  u n w a n t e d  v is io n  
o r  f r e q u e n c y  m o d u l a t e d  s o u n d  s ig n a l

U nw an ted  signal 
w ithin  vestigial sideband  

o f  w anted  signalU n w an ted  signal w ithin  full sideband o f  w anted signal

405 line system  

■ 525 or 625 line system  

819 line system

system s in w hich the frequency spacing o f  vision  
and adjacent channel sou n d  carriers is 2 .85 M c/s  
system s in which the frequency spacing o f  v ision  
and adjacent channel sound carriers is 1.5 M c/s

Note. —  F or an am plitude m odulated sou n d  signal the p rotection  ratios required are about 
5 db higher.

R E P O R T  N o . 35 *

T E L E V IS IO N  S Y S T E M S

(R ec o m m e n d a tio n  N o . 29) **
(S tudy  G ro u p  N o . X I)

It has not been possib le to  arrive at unanim ous agreem ent on  certain te lev ision  standards. 
A n extensive study has been m ade o f  four system s o f  black-and-w hite television, identified by 
the num ber o f  lines per picture as the 405-line system , the 525-line system , the '625-line system , 
and the 819-line system .

A s a result o f  this study, the attached table has been prepared for the in form ation  o f  those  
adm inistrations w h ich  m ay w ish to  establish  one o f  these system s.

T he possib ility  has been discussed o f  achieving un ification  o f  the te lev ision  system s by the  
adop tion  o f  a channel w idth o f  8.4 M v/s. N o  specific proposa ls for  the num ber o f  lines, and  
other transm ission standards, have been discussed in  connection  w ith this bandw idth,

* This Report was adopted unanimously. It replaces Repoit No. 15.
** This Recommendation has become Question No. 64 (XI).



ANNEX D e t a il s  o f  f o u r  t e l e v is io n  sy s t e m s

Item Description of Item
Systems

405 525 625 819 Belgian 625 Belgian 819

1 Number o f lines per picture . . . ............................ 405 ' 525 625 819 625 819
2 Video b a n d w id t h ......................................... ....  . Mc/s 3 4 5 10.4 5 5
3 Channel width . ...................................................Mc/s 5 6 7 14 • 7 7
4 Sound carrier relative to vision carrier . . Mc/s - 3 .5 + 4 .5 +  5.5 -1 1 .1 5  2) +  5.5 +  5.5
5 Sound carrier relative to edge o f channel . Mc/s +0 .25 - 0 .2 5 -0 .2 5 + 0.10 2) - 0 .2 5 -0 .2 5
6 Ideal vision transmitter c h a r a c te r is t ic ....................... (See Fig. 1) (See Fig. 4) (See Fig. 7) (See Fig. 10) (See Fig. 13) (See Fig. 13)
7 Interlace1) .........................................................................  . 2/ 1- 2/1 2/1 2/1 2/1 2/1
8 System capable o f operating independently o f power

supply frequency x) ....................................................... Yes Yes Yes Yes Yes Yes
9 Line frequency . ....................................................... c/s 10 125 15 750 15 625+0.1% 20 475 15 625+0.1  % 20 4 75+ 0 .1%

10 Field fr e q u e n c y ............................................................c/s 50 60 50 50 50 50
11 Picture f r e q u e n c y .................................................. ....  c/s 25 30 25 25 25 25
12 Aspect r a t io x) . . . ....................................................... 4/3 4/3 4/3 4/3 . 4/3 4/3
13 Scanning during active periods x) ................................ L. to R. & L. to R. & L. to R. & L. to R. '& L. to R. & L. to R. &

Top to B. Top to B. Top to B. Top to B. Top to B. Top to B.

14 Type o f vision m odulation x) ......................................... Amplitude Amplitude , Amplitude Amplitude Amplitude Amplitude

15 Vision em ission characteristics1) ................................. Asymmetric Asymmetric Asymmetric Asymmetric Asymmetric Asymmetric

16 Sense o f vision m o d u la tio n .............................................. Positive Negative Negative Positive Positive Positive

17 ■ Black level independent o f picture co n ten tx) . . . Yes Yes Yes Yes Yes Yes

18 Level o f black as % of peak c a r r i e r ....................... 30 75 75 25 25 25

19 M inimum level o f carrier as % o f peak carrier 0 <  15 3) 10 <  3 0 to 3 0 to 3

20 Synchronizing w a v e fo r m ................................ .... (See Figs. (See Figs. (See Figs. (See Figs.- (See Figs. (Sec Figs.
2 & 3) 5 & 6) 8 & 9) 11 & 12) 14 & 16) 15 & 16) "

21 Sound m o d u la tio n ....................... ......................................... A3 F3 
± 2 5  kc/s 
75 micro

seconds 
pre-emphasis

F3 
± 5 0  kc/s 
50 micro

seconds 
pre-emphasis

A3 A3 
50 m icro

seconds 
pre-emphasis

A3 
50 micro

seconds 
pre-em phasis.

22 Ratio o f vision to sound effective radiated power 4/1 from  
' 2/1 to 2/3

5/1 ■ 4/1 ■

x) Items 7, 8, 12, 13, 14, 15 and 17 are in accordance with Recommendation No. 82. See Recommendation No. 82 for further details.
2) The administrations which desire to adopt this system should conform to the provisions o f Recommendation No. 82. 3) A t maximum luminance.



Sound carrier Vision carrier

Frequency in Mc/s

F ig u r e  1

Id ea l characteristic  f o r  vision tran sm itter , 405-line sy s tem



Field synchronising signals 
Signal at end o f  even fields —8 broad pulses,

f  =  20250/s Post synchronising field suppression

Field synchronising signals 
Signal at end o f  odd fields — 8 broad pulses,

f  =  20250/s Post synchronising field suppression

F ig u r e  2

Synchronising waveform, 405-line system

The hatched part o f the signal shown can either be occupied by a suppression pulse up to 2  lines in length or by picture signal as shown.
A small pre-synchronising suppression pulse is shown at the opening of the frame suppression. This may be between 0 and 10 fis in length.
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F ig u r e  3

Details o f  synchronising signal, 405-line system

The signal is shown in its video form, but synchronising level corresponds to 0-3 %.
Suppression level 30% ±3% , and peak white 100% o f carrier amplitude.
Time o f rise o f synchronising pulse (10% to 90%) 0.25 g.s.
Time of rise o f suppression edge (10% to 90%) should not exceed 1 (xs.
Minimum post-synchronising suppression period 6 (xs.
Field suppression period 14 lines and variation must be such as not to cause visible jitter on picture 
Field frequency is tied to frequency o f mains.

.(



Vision carrier Sound carrier

F ig u r e  4

Idea l characteris tic  fo r  vision tra n sm itter , 525-line sy s tem



(1) E ven  fie ld s

M ax. carrier 
voltage

Black level

(b)3.02H j

White leyel
Zero level

Picture

Horizontal
blanking

Equalizing Vertical sync. Equalizing 
pulse interval pulse interval pulse interval

H orizontal sync, pulses

H

[UUiJJi

Bottom  o f picture

i -4-0 03 V *  
(e) Vertical blanking 0.05 V _ q'

(see notes 3 and 5)

(f) 100%

(g) (75 ±2.5)%

(2) Odd fields Time

Sync.

F ig u r e  5

Synchron ising  w aveform , 525-line sy s tem



Front
porch

Back
porch

blanking (see note 3) blanking

9/io
sync.

sync.

(3) Details between 3-3 in (2) o f fig. 5 (5) Details between 5-5 in (3)

tj)0.004H
max.

Equalizing
pulse

Black level (>) 00^

(See note 6)

9/ io  o f  m a x .  
sync.

Vertical pulse

(4) Details between 4-4 o f  fig. 5 

Horizontal dimensions not to scale

max.

max.

F ig u r e  6

D eta ils  o f  synchronising  w aveform , 525-line sy s tem
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Vision carrier Sound carrier

F ig u r e  7

Idea l characteris tic  fo r  vision transm itter, 625-line sy stem



Equalizing Vert. sync. Equalizing

(2) Odd fields Time

F ig u r e  8

S ynchron ising  w aveform , 625-line sy stem



H orizontal sync.

Black level

Rear slope o f vertical 
blanking (see note 3)

White level 
Zero carrier

Front
porch

Back
porch

(see 
note 4) i ;1

(3) Details o f 3-3 in (2) o f fig. 8

710 o f max. 
blanking

100% sync. (A )-

Black j ( 7 5 ± 2-5)%
level \ o f  m ax- level ( carrier (B)

max. 
s)0.004 H

max.
[u) 0 .0 0 4  H

(w)0.09H*0.0|H a08H

tv) 0.17 H *0.01 H

- 1=0

l0 \+ 0  )  %  
—  1 0 /  sync.

2.5 { 1 ° 5)%

of max. 
carrier (B)

|(x)0.01 H 1q005 H

(A) Measured before modulation.
(B) Measured after ideal detection. 

(5) Details between 5-5 o f (3).

( i)  o.
max

Equalizing pulse- 

Black level

| (|<) 0.004 H 
max.

(0  0.045 H

(See note 6)
(m") 0 .5 H

n) 0.004 H (p) 0.004 
m ax. max.

(4)0.00 
[ max.

004 H

(V )

9/10 o f max. sync. 

Vertical sync, pulse

1/10 o f max. sync.

0.08 H i  0.01 H

(4) Details o f 4-4 in (2) o f fig. 8 
Horizontal dimensions not to scale

F ig u r e  9

D eta ils  o f  synchronising  w aveform , 625-line sy s te m



Sound carrier Vision 'carrier

F ig u r e  10

Idea l characteris tic  f o r  vision tra n sm itte r , 819-line sy s tem



S ig n a l a t the en d  o f  even fie ld s

Signal at the end o f  odd fields Picture sync.
signal

F ig u r e  I I  

Synchronising waveform, 819-line system



Suppression signal

Details o f line sync, waveform  

(High frequency signal)

(approx. 24.5 [xs)

Details o f picture  sync, signal 

(Odd field)

F ig u r e  12

Details and duration o f  synchronising waveform, 819-line system



F ig u r e  13

Ideal characteristic fo r  a vision transmitter, Belgian system

N ote:  For a modulation frequency o f 1.25 M c/s or above, the attenuation o f the voltage of the lower side-band is at least 20 db with reference to  
a modulation frequency o f 200 kc/s.
The terms and values shown conform with D oc. R M A  : TR 104-A (Oct. 1949).



Bottom  of picture

(1) S ig n a l a t the en d  o f  even fie ld s

(e) Vertical blanking 0.06 V (see notes 3 and 5) Top o f picture

White level

Black level 

Synchronisation level —. 

Zero carrier level 
Picture 

H orizontal blanking

100%

(g) (25 ± 2 .5 )  % 

r  (f) o-3%

(2) Signal at the end o f  odd fields

Equalizing Vertical sync. Equalizing 
pulse pulse pulse

interval interval interval

Time

H orizontal sync, pulses

v -

N>Ul

F ig u r e  14

Synchron ising  w aveform , B elg ian  625-line sy s tem



S ig n a l a t the en d  o f  even fie ld s

Bottom  o f  picture (e) Ver,ical blanldng 006 V | - o ' MV * (see notes 3 and 5) Top o f  picture

White' level ~-

Black level-

Ml
Synchronisation level- __

Zero carrier level— ^
P ictu re-------

H orizontal blanking------

V + H
(b ) 3,51 H -  0mnrnnr

0.5
(a) 3 , 5  H

[Mjuuuuinnnnnnnrvio
H

(c )  3 , 5  H

1 I | I
l

V
If I

1/

( d )  3 ,5  H

1 Equalizing Vertical Equalizing Horizontal sync, pulses
pulse interval sync, pulse pulse interval 

interval

Signal at the end o f  odd fields
Time

/

Synchronisation —-j y Inn
0 ,5

4 4

ttM ul
n n a t ; u  I0 ,0 4 5  H 

r,*v

JUU
0 .0 9  H

nnnnr
0 ,0 4 5  H

r
0.5

r "inri
VI

0 ,09  H

100%

(g) (2 5 + 2 .5 ) % 

(f) 0 - 3 %

F ig u r e  15

Synchron ising  w aveform , B elg ian 819-line sy s tem



W hite level

Rear slope o f horizontal 
blanking (see note 3)

Black level

Horizontal sync.

(3) D eta ils

(i) 0.2 H max. 1/10 o f max. 
(see note 4) blanking

porch porch

betveen 3-3 in (2) o f fig. 14

(see note 6)

2.5'
+  0 °//o2.5

(25 ±  2.5) % 
o f max. - 
carrier B

A. M easured before modulation
B. Measured after ideal detection

(5) Details between 5-5 o f (3)

F ig u r e  16

Details o f  synchronising waveform, Belgian system
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IN F O R M A T IO N  

CONCERNING FIGURES 14, 15 AND 16

Belgian 625-line system

Nota
tion A p p r o x im a t e  d u r a t i o n

H 64 ji.s

V 312.5 H 20 000 [xs

a 2.5 H 160 us

b 2.51 to 3.51 H 161 to 225 [rs

c . 2.5 H ; ^ 160 (xs

d 2.5 H 160 [xs

e 19 to 31 H 1200 to 2000 [xs 
(see notes 3 & 5)

i < 0 .2  H <  12.8 |xs (s. note 4)

j < 0 .0 0 4  H < 0 .2 5  [xs

k < 0 .0 0 4  H < 0 .2 5  fxs

1 0.045 H 2.9 [xs (see note 6)

m 0.5 H 32 (xs

n < 0 .0 0 4  H < 0 .2 5  |xs

P < 0 .0 0 4  H < 0 .2 5  [xs

q < 0 .0 0 4  H < 0 .2 5  (xs

r 0.07 H to 0.09 H 4.5 to 5.8 [xs

s < 0 .0 0 4  H < 0 .2 5  [xs

u < 0 .0 0 4  H - < 0 .2 5  [xs

w 0.08 H to 0.1 H 5.1 to 6.4 [xs

X 0.001 H to 0.0015 H 0.64 to 0.96 [xs

y 0.16 H  to 0.18 H 10.2 to 11.5 [xs

Belgian 819-line system

Nota
tion A p p r o x im a t e  d u r a t i o n

H 49 [xs

V 409.5 H 20 000 (xs

a 3.5 H 171 [xs

b 3.51 to 4.51 H 172 to 221 [xs

c 3.5 H 171 [xs

d 3.5 H 171 [xs

e 24.5 to 41 H 1200 to  2000 [xs 
(see notes 3 & 5)

i < 0 .2  H < 9 .8  [xs (see note 4)

j < 0 .0 0 4  H < 0 .1 9  [xs

k < 0 .0 0 4  H < 0 .1 9  [xs

1 0.045 H 2.2 [xs (see note 6)

m 0.5 H 24.5 [xs

n < 0 .0 0 4  H < 0 .1 9  [xs

P < 0 .0 0 4  H < 0 .1 9  [xs

q < 0 .0 0 4  H < 0 .1 9  [xs

r 0.07 H to 0.09 H 3.6 to 4.4 [xs

s < 0 .0 0 4  H < 0 .1 9  [xs

u < 0 .0 0 4  H < 0 .1 9  [xs

w 0.08 H to 0.1 H 3.9 to 4.9 [xs

X 0.001 H to 0.0015 H 0.49 to 0.74 [xs

y 0.16 H  to 0.18 H 7.8 to 8.8 (xs



NOTES

concerning Figures 5, 6, 8, 9, 14, 15 and 16

1. H  =  Time from start o f one line to start o f next line.

2. V =  Time from start o f one field to start o f next field.

3. Leading and trailing edges o f vertical blanking should be complete in less than 0.1 H.

4. Leading and trailing slopes o f horizontal blanking must be steep enough to preserve min. and max.
values o f (x +  y) and (i) under all conditions o f  picture content.

5. Dim ensions marked with an asterisk indicate that tolerances given are permitted only for long 
time variations, and not for successive cycles.

6. Equalizing pulse area shall be between 0.45 and 0.5 o f the area o f a horizontal sync, pulse.

N O T E  B Y  D IR E C T O R  C .C .I.R .

Variation to Figure 8 o f  R ep o rt N o. 35

A t the 6th m eeting o f  Study G roup N o . X I during the V lth  Plenary A ssem bly  it w as agreed  
(See D o c . N o . 490 o f  G eneva) that the Sw iss delegate should  initiate a discussion  by correspondence  
a m on gst th ose  concerned, o n  a m odification  o f  the vertical synchronisation  signal to  be used  
w ith  the 625-line system . D o c . N o . 360 o f  G eneva gives details and the new  form  proposed  is 
reproduced in  F ig. 8 bis.

T h e Sw iss A dm inistration  n o w  inform s us (O ct. 17th, 1951) that fo llow in g  up on  this 
c o n su lta tio n  by correspondence n o  objection  has been received to  the adop tion  o f  this m odified  
form .



(1) E ven  fie ld s

(2) Odd fields Time

Sync.

pulse interval pulse interval pulse interval

Horizontal dimensions not to scale

F ig u r e  8 bis 
Synchronising waveform, 625-line system  

(Variation o f fig. 8)
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R E P O R T  N o . 36

D E S IG N  O F  A E R IA L S  F O R  T R O P IC A L  B R O A D C A S T IN G

(Q uestion  N o . 70) 

(S tudy  G ro u p  N o . X II)

(L ond on , 1953)

T his R eport sum m arizes the in form ation  subm itted to  the C .C .I.R . in  answer to  the three 
questions to  be studied  under § 1 , 2  and 3, o f  G eneva Q uestion  N o . 70. .

1. The transm itting aerial sh ould  be situated as near to the centre o f  the reception  area a s . 
possible.

F or aerials relying o n  ground reflection .for  their vertical directivity the site sh ou ld  be chosen  
where the so il is o f  g o o d  conductiv ity , though, in  cases where th is is n o t possib le , an earth  
m at can be used. T his co u ld  co n sist o f  a  num ber o f  parallel wires spaced n o t m ore than one  
tenth o f  a  w avelength  apart, parallel to  the dipoles and extending for h a lf a  w avelength  
beyond the extrem ities o f  the aerial array.

W here it is n o t possib le  to  site th e  aerial at the centre o f  the reception  area, it is possib le, 
w ith  m ulti-elem ent transm itting aerials, to  slew  the beam  aw ay from  the vertical in the 
direction o f  the m ain  reception  area (see A nnex). A ngles o f  slew  greater than abou t 15 degrees 
often  produce large side lobes w h ich  m ay cause interference outside the reception  area.

I f  there are n o  adjacent reception  areas, for exam ple, where the area to  be served is an isolated  
island, central siting is less im portant. ;

2. T he transm itting aerial for  tropical broadcasting should  be designed to  produce a m ore or 
less un iform  field, w ith  no  skip zone, and o f ,a s  h igh  a value as possib le throughout the  
reception area. B eyon d  this area the field strength should  decrease as rapidly as. possible. 
T he aerial sh ou ld  be eco n o m ica l in  design and sim ple in operation .

T he aerial sh ou ld  therefore be designed to  produce the greatest high -angle rad iation  possib le  
consistent w ith  adequate rad iation  dow n to  the angle o f  rad iation  used  to  serve the fringe  
o f  the service area (see N a tio n a l B ureau o f  Standards Circular N o . 462, p. 106). Thus for  
instance, a service area having an outer radius o f  about 800 km  m ay.require a lo w  directivity  
aerial consisting  o f  a  sim ple d ip o le  betw een a quarter and a h a lf w avelength ab ove  earth  
but, for  sm aller areas, m ore directive m ulti-elem ent aerials w ou ld  be desirable in  order to  
reduce the low-angle" radiation  * (see A nnex). ~

It is considered desirable that the C .C .I.R . should  include the curves show n in  the A ppendix, 
or sim ilar ones, in  its antenna charts.

It is possib le  that the siting  o f  the transm itting aerial used for  tropical broadcasting with  
respect to  the m agnetic m eridian has an influence o n  the field produced by reflection  from  
the ionosphere. It is therefore requested that in  answer to  Q uestion  N o . 69 (X II) dealing  
w ith  propagation  in  the trop ical zone , reference should  be m ade to  this poin t.

3. F o r  the great m ajority o f  d om estic  tropical broadcast listeners on ly  sim ple aerials are possib le  
and the directivity o f  such  aerials cannot be relied u p on  to  im prove the signa l-to -no ise  ratio.

T he aerial has to  be b o th  cheap and  sim ple to  install and has to  be used  o n  a num ber o f  fre
quencies, w ith  fields corresponding to  varying angles o f  incidence. It appears reasonable

* “ High frequency broadcast transmission with vertical radiation ” , P. A d o r i a n  and A .H .  D i c k e n s e n , Journal o f  the 
British Institute o f Radio Engineers. February 19J2, . • ■ .
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to  assum e that the average listener’s aerial can n ot be better than that given in the report 
o f  the G eneva P lanning C om m ittee ; this consists o f  an L type aerial w ith horizontal and  
vertical lim bs 16 feet in  length (4.80 m etres).

A N N E X

N o t e s  o n  t h e  p e r f o r m a n c e  o f  a r r a y s  o f  h o r i z o n t a l  d i p o l e s

ARRANGED FOR VERTICAL INCIDENCE

1. General.

Arrays o f  this type consist o f  a num ber o f  row s o f - ^  d ipoles end to  end, the row s being —

apart, and all the sam e height above ground. In  passing, it sh ou ld  be noted that the sim plest
case o f  all, that o f  a single d ipole, is the array o f  th is type m ost com m on ly  in  use. F or  a 
com plete  know ledge o f  the perform ance o f  such an array the vertical polar diagram  should  
be kn ow n for all angles o f  azim uth. In  practice, how ever, a know ledge o f  tw o polar diagram s, 
that in the vertical plane containing the d ipoles, and that in the vertical plane at right-angles 
to  the d ipoles is sufficient to  estim ate the perform ance.

2. Polar diagram s.

Figures 1, 2 and 3, show  the polar diagram s in the tw o vertical p lanes for three types o f  
array :

F igure 1 —  A  single dipole.

F igure 2 —  T w o row s, each o f  tw o dipoles.

F igure 3 —  F our rows, each o f  four dipoles.

T he polar diagram  in' the vertical plane parallel to  the d ipoles depends solely  o n  the num ber  
o f  d ipoles in a row. The polar diagram  in the plane at right-angles to  the d ipoles depends 
so le ly  on  the num ber o f  rows o f  dipoles. It is thus possib le  from  the polar diagram s show n  
in  figures 1, 2 and 3 to  assess the perform ance o f  arrays w ith up to  four d ipoles per row  and  
up to  four row s o f  dipoles. F or exam ple, for  an array consisting  o f  tw o row s each  o f  four  
dipoles, the polar diagram  in the plane conta in ing  the d ipoles w ou ld  be that o f  curve (a )

. F ig . 3, and  the polar diagram  in the plane at right-angles to  the d ipoles w ou ld  be that o f  
curve (b )  F ig . 2.

3. H eigh t o f  array above ground.

F or the vertical radiated field to  be a m axim um , the optim um  height o f  the d ip oles above

ground is but the height is n o t critical. F ig . 1, 2 and 3 correspond to  a height o f

0.2 x above  ground, but each o f  the curves sh ow n m ay be converted  to  apply to  any height 
o f  h  w avelengths above ground, by m ultip lying by :

sin (2 7th cos 0) 
sin (0.4 7t cos 0)

4. Slewing.

Polar diagram s show n in F ig. 1 , 2  and 3 assum e equal co-phasa l currents in all the ha lf
w ave d ipoles, and as may. be seen, this results in a polar diagram  suitable for a station  
situated  in  the centre o f  the service area. I f  it is desired to  site a station  aw ay from  that area, 
the direction o f  the vertical beam  can be slew ed by dividing each row  o f  d ipoles o f  the  
array in to  tw o halves and driving these tw o halves w ith  currents in  different phases. It 
fo llow s that the array o f  F ig. 1, a single d ipole, can n ot be slewed.
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T his m eth od  o f  slew ing is m ost easily  applicable to  arrays o f  tw o or four d ip o les per row  
and the fo llow in g  sketches ind icate the m ethod o f  feed ing :

Bay feeder offset 
from centre

Bay feeder offset 
from centre

Slewing o f array 
2 dipoles wide

Slewing o f array 
4 dipoles wide

T his m eth od  o f  slew ing results in  the m ain lobe being slew ed in  the p lane conta in ing  the 
dipoles, w h ilst the polar diagram  in  the p lane at right-angles to  the dipoles rem ains unchanged. 
In  the case o f  an  array w ith  tw o dipoles in each row the po lar diagram  w ill be m odified  by 
m ultiplying by :

cos ( —  sin 0 +  -y

cos | — sin

In  the case o f  an  array w ith  four d ipoles in each row , the polar diagram  w ill be, m odified  
by m ultip ly ing by : .

cos ( n sin 0 +

cos ( 7t sin 0)

where <p is the phase difference betw een the currents in the tw o  halves o f  the array. The  
approxim ate angle o f  slew , in  term s o f  the phase difference betw een the tw o  halves o f  the  
array is :

(O
Sin-1 —  for the array two dipoles wide

' 7T

Sin-1 for the array four dipoles wide2 7T

It is inadvisable to  slew  the m ain  lo b e  m ore than approxim ately 15°, as large side lobes will 
otherw ise form  w hich  m ay cause interference outside the service area.

5. Ground conductivity .

In  m any cases, the condu ctiv ity  o f  the ground is such that the efficiency and  the polar  
diagram  m ay be degraded i f  an earth m at is n o t p laced under the array. T his earth m at 
sh ou ld  co n sist o f  a num ber o f  parallel w ires, spaced 0.1 X apart and run parallel to  the d ipoles  
T he length o f  the w ires and the num ber o f  wires should be such that the earth m at extends

beyond  the extrem ities o f  the array w hen view ed in  plan.



(a)  P olar diagram  in the vertical plane  
parallel to  the d ipole

(b )  Polar diagram  in the p lane at 
right-angles to  the d ipole
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fa )  Polar diagram in the vertical plane 
parallel to the dipoles

(b) Polar diagram in the plane at 
right-angles to the dipoles
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(a) Polar diagram in the 
vertical plane parallel 
to the dipoles 

(a ) Polar diagram in the 
plane at right-angles 
to the dipoles
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D E C IM A L  C L A S S IF IC A T IO N

(Q uestion  N o . 72 (X IV )) 
(S tudy  G ro u p  N o . X IV )

(L ondon, 1953)
1. P resen t s ta te  o f  the question as fro m  the in itia l conditions.

1.1 It is the fu n ction  o f  the International F ed eration  for D ocu m en ta tio n  (F .I .D .)  to  ensure, 
w h en  necessary, the revision  o f  questions o u t o f  date or no  longer adequate in respect 
o f  the U n iversal D ecim a l C lassification (U .D .C .) .

1.2 W ith respect to  the w h ole  range o f  electrical tech nology  the F .I .D . has entrusted this 
task  to  a com m ittee  consisting  o f  specialists in  this field, the International C om m ittee  
for the A p p lica tion  o f  D ecim al C lassification in the field o f  E lectrical T echnology
(C .I.C .E .).

1.3 W ith respect to  the subd ivisions appropriate to  te lecom m u nication , the C .C .I.E . has  
set up a further group o f  specialists, the International Sub-C om m ittee for  the C lassific
a tion  o f  T elecom m u nication s (S .C .I.C .T .), com p osed  o f  te lecom m unication  docum en- 
talists and  technicians.

1.4 T he F .I .D . has secured the fo llow in g  aid from  the Specialised Secretariat o f  the C .C .I.R  
in respect o f  the task  a llo tted  to  the S .C .I.C .T . : jo in tly  w ith  the D irectors o f  the C .C .I.T . 
and the C .C .I .F ., and w ith  the concurrence o f  the International C hairm an o f  Study 
G roup X IV , the D irec to r  o f  the C .C .I.R . has helped the F .I .D . to  ob ta in  from  several 
adm inistrations, m em bers o f  the I .T .U ., the n om ination  o f  com petent personalities  
for  this task  ; the three D irectors o f  the C .C .I .’s have jo in tly  requested the F .I .D . to  
seek a un ited  p lan o f  c lassification  w ithin the entire field o f  te lecom m unications. T hey  
abstained  from  entering in to  any com m itm ents vis-a-vis the F .I .D . in  respect o f  the  
m eth od  o f  possib le  u tilisa tion  o f  the U .D .C . for the needs o f  the C .C .I .’s.

1.5 D u ly  n o tin g  this reservation , this in itiative  on  the part o f  the D irector  o f  the C .C .I.R . 
has launched  the study o f  Q uestion  N o . 72, due account being taken o f  its com plexity  
and o f  the consequ en t desirability o f  avoid ing undue haste ; it has provided the m ost  
su itab le m eans for draw ing from  the U .D .C . the m axim um  help  to  be expected from  
th is system .

2. N ew  conditions rela ting to the question.

2.1 T he C .C .I.T . has recently inform ed the C .C .I.R . (D oc. N o . 406) o f  the stand taken on  
th is subject by the last plenary session  (A rnhem , June 1953, R ecom m end ation  1.5 
m od ify in g  R ecom m en d ation  N o . 241). D u e  consideration  having been given to  the  
im portance o f  the problem  o f  classification and the fact that the so lu tion  adopted by the  
U .D .C . has, been put in to  practice, the text adopted , nevertheless, reopens the question  
o f  the very princip le o f  th is so lu tion , po in tin g  ou t t h a t : the resources w hich can be expect
ed  from  it seem  to  be m ore suitable to  the needs o f  librarians and  to  the classification  
o f  general w orks, and  that they are m uch less su itab le for  the needs o f  technicians ; 
they b ecom e less usefu l as the subjects concerned becom e m ore precise and m ore detailed, 
n o tin g  a lso  that the desired c lassification  is n o t on ly  to  avo id  unfortunate juxtapositions, 
but m ore especia lly  to  provide a m axim um  o f  facilities and usefu lness w hen searching  
for  d ocum ents w ith  one or several given aspects.

T he R ecom m en d ation  w h ich  fo llow s it  expresses the view  that the three C .C .I.s should  
take a co m m o n  stand in  respect o f  this q u estion  and declare their in tention  o f  fo llow in g  
the w ork o f  the S .C .I.C .T . as observers and w ithou t com m itm ents.

REPORT No. 37 *

* This Report was adopted unanimously.

/
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2.2 T he French A dm in istration has put forw ard (D o c . N o . 354 o f  L ond on) a proposition  
inspired w ith  the sam e considerations as those set forth  in  the preceding paragraph.
It draws atten tion  to  the fact that the problem  o f  classification a llow s o f  approaches 
tow ards other so lu tion s than those w hich, as in  the case o f  the U .D .C . and  alm ost 
all system s so  far proposed , recognise n o  other princip le than  that o f  a hierarchy o f  
ram ifications w hich distort the reality o f  the m atter instead o f  being in keeping w ith  it.
It p o in ts o u t that som e o f  the docum entalists o f  the F rench U n io n  o f  D ocum entary  
O rganisations tend to  m ove aw ay from  the U .D .C . in  seek ing a so lu tion  to  the problem  
starting from  a fundam entally  different concep tion , and that an attem pt at classification  
w ith  a com binatory structure is under study at the (French) N a tio n a l Scientific Research  
Centre. It suggests to  the C .C .I.R . that it m ight give its a tten tion  to  these new  approaches. *

3. Conclusions:

The V llth  P lenary A ssem bly o f  the C .C .I.R . considers that the lin e  o f  action  to  be fo llow ed
until the next Plenary A ssem bly should  be as fo llo w s :

3.1 In  its relations w ith  the F .I .D . or its specialised  groups, the C .C .I.R . sh ould  avo id  any  
official participation  in  the w ork o f  the S.C .I.C .T .

3.2 T he D irector o f  the C .C .I.R . should  keep itse lf in form ed o f  the progress o f  th is w ork , 
and subm it the results to  Study G roup N o . X IV  so  that the latter m ay consider the  
possib ility  o f  applying it to  the needs o f  the C .C .I.R ., using in  th is study any com parable  
m aterial w h ich  m ay be available to  it.

3.3 A  future-Plenary A ssem bly will have to  decide o n  its possib le use by the C .C .I.R .

Note by the Director of the C.C.I.R.

The d ra ft R eport, o f  which the tex t is g iven below , was draw n up b y  W orking Group X I.D  
and approved  b y  S tu dy Group N o. X I  a t their 5th P lenary m eeting (D oc . N o. 728, L ondon). I t  
was not su b m itted  to the D rafting  C om m ittee nor to the P lenary A ssem bly , and therefore cannot 
be considered as a  R eport o f  the C .C .I.R .

N evertheless, since it contains inform ation which, although provisional, m igh t be o f  use to the 
C .C .I.F ., the D irec to r o f  the C .C .I.R . has, in agreem ent w ith  the Chairm an o f  S tu dy  Group N o. X I, 
thought it  useful to include this draft R eport in Vol. I.

D raft report of Sub-Group XI-D *

C ircuit characteristics fo r  the transm ission o f  television signals over long distances

This report sh ould  n o t be regarded as an answer— even  a provisional answer— to  the set 
o f  questions posed  by the C .C .I.F . and' listed in  Study P rogram m e N o . 32, since the inform ation  
at present availab le is lim ited  and m uch w ork rem ains to  be don e o n  the nom inal value o f  the  
desired characteristics and o n  the tolerances that can  be accepted. A t the present stage o f  progress, 
therefore, it seem s prem ature to  contem plate international standardization.

H ow ever, it w as felt to  be w orth w hile, in  order to  give as m uch help as possib le  to  the  
C .C .I.F . experts in  their ow n  w ork, to  show  them  w hat trends em erged from  com parison  o f  the  
desiderata o f  various countries as revealed in  their w ritten contributions or by w ord o f  m outh  
in  the Sub-G roup m eetings.

* The U.S.S.R . delegation have made reservation on the subject o f  this draft Report.

\
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W henever it w as considered possib le , attem pts have been m ade to  un ify these desiderata to  
som e extent. O n poin ts giv ing rise to  serious divergences o f  op in ion— especially  w hen caused  
by intrinsic differences in the system s used, such as those described in  C .C .I.R . R eport N o . 35, 
the characteristics desired by the various countries have been recorded side by side.

T he Sub-G roup w a s-u n an im ou s in  em phasising the desirability and even  the necessity o f  
a jo in t m eeting w ith C .C .I.F . Study G roup N o . 3 for an exchange o f  view s betw een users and  
designers.

A fter these prelim inary considerations, the fo llow in g  tendencies were expressed on  th e  
poin ts contained in  Study Program m e N o . 32 :

A . Input an d  outpu t im pedances.

B y input im pedance o f  the circuit is m eant the load  im pedance constitu ted  by the circuit 
for  the v ideo source. B y output im pedance is m eant the im pedance at the term inals o f  w hich  
the v ideo signals are restored to  the user.

T he nom inal value o f  the input and outp ut im pedances is 75 ohm s, n o t sym m etrical in  relation  
to  earth.

T he tolerances applicable to  th is nom inal value cannot be clearly defined for the tim e being  
and further study w ill be required.

B . P o la r ity  and D .C . com ponent.

T he p o la rity  o f  the signals w ill be positive , i.e. such that the passage from  black  to  w hite  
produces an increase, in  the algebraical sense o f  the w ord, o f  the potentia l at the input or 
output im pedance term inal w h ich  is n o t connected  to  earth (see F ig . 1).

V  =  potentia l d ifference betw een  earth and the input or output im pedance term inal not 
con n ected  to  earth (P .D . p ositive in  an upw ard direction).

F ig u r e  1

T he useful D .C . com ponent (i.e. the com ponent w hich defines the average overall illum ination  
o f  the picture) need  n o t be transm itted . W hen it is provided by the v ideo  source feed ing  
the transm ission circuit or by the circuit itse lf at its output, it sh ould  fulfil the conditions  
defined below  for the unw anted D .C . com ponent.

T he unw anted D .C . com ponent (e.g. the com ponent produced by D .C . tube supplies) w ill be 
such as n o t to  dissipate m ore than  0.5  w atts in the input or output im pedance. Should  this 
im pedance be absent, the vo ltage  should  n ot exceed  60 volts.

C. A m plitude o f  signal.

T he fo llow in g  table sh ow s the values adopted  in the different television system s in  use for  
the nom inal am plitude o f  the signal from  peak w hite to  the edge o f  the synchronizing signals :
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405 lines 1 Volt
595 lines /  L 4 V olts ± 2 5 %o/D lines and  occasion a lly  2 V olts ± 2 5 '

625 lines 1 V olt 
1.5 V olts  

819 lines 1 V olt

It is suggested  that in  case o f  difficulty at the p o in t o f  jun ction  betw een the transm ission  
circuits o f  tw o countries using different nom in a l signal am plitudes a four-term inal attenuator  
or 3 db am plifier cou ld  be inserted.

D . P icture signal to synchronising signal ratio .

T he nom inal values o f  the picture signal to  synchron izing signal ratio w ill in princip le be  
those ind icated  in  C .C .I.R . R eport N o . 35 ; how ever, for ease o f  operation  w ith  the different 
system s, broadcasting organizations and transm ission organizations m ay arrange am ong  
them selves to  adop t a different ratio.

E. N on-linearity.

(a )  F or  the com plete am plitude range occupied by the v ision  signal, the slo p e  o f  the  
am plitude/am plitude curve w ill n o t differ by m ore than ± 10% from  its average value. 
T his con d ition  applies to  the com plete  studio-transm itter transm ission circuit even  
if  the te lev ision  signal passes in  transit through the installations o f  a broadcasting  
organization.

(b )  T he am plitude o f  the synchronizing signal at the output w ill n o t differ from  that o f  the  
sam e signal at the input by m ore than ± 3 %  o f  the overall peak-to-peak  am plitude, the  
transm ission circuit being adjusted in  such a w ay that the overall peak-to-peak  am plitudes  
at the input and at the output are equal.

F . Gain stab ility .

(a )  Short-period variations (e.g ., 1 second) :
±  0.3 db

(b )  M edium -period variations (e.g ., 1 hour) :
±  1 db

(c )  L ong-period variations (e.g ., 1 m o n th ):
I f  the circuit is unattended, i.e. is n o t adjusted before each transm ission  period , the
gain should  not depart from  its nom in a l value by m ore than ±2  db.
I f  the circuit is perm anently attended, the tolerances in  (b )  above w ill b e  applicable,
i.e ., the gain  w ill have to  be re-adjusted w henever it departs from  its n om inal value by  
m ore than ±1 db.

G . Signal to noise ratio.

T he values given  above m ust be observed for a percentage o f  tim e considerably higher than  
99 %  ; m oreover, no  a llow ance has been m ade for  a fad ing safety m argin.
T hese values are a translation in to  decibels o f  the ratio

peak-to-peak amplitude of picture signal 
quasi-peak-to-peak amplitude of noise

T he quasi-peak-to-peak am plitude o f  the n o ise  does n o t differ from  its peak-to-p eak  am plitude  
w hen the no ise  is m ade up o f period ic or im pulsive disturbances. W hen the n o ise  consists  
o f  continuou s random  disturbances, the quasi-peak-to-peak am plitude is defined as being  
equal to  8 tim es (18 db) the r.m .s. am plitude o f  the no ise  *.

♦ I f  the instantaneous amplitudes of the noise are normally distributed, the quasi-peak-to-peak amplitude is twice the 
instantaneous amplitude o f the noise exceeded for about 5 x  10-5 of the time.
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(a )  R a n d om  continuous n o ise  w ith  un iform  distribution. : 30 to  35 db ,accord in g  to  system  ;

(a ')  R an dom  continuou s n o ise  w ith spectrum  energy increasing w ith  frequency : 25 to  30 db 
according to  system  ; •

(b )  P eriod ic  n o ise  : 55 db as regards the low er frequencies. -

F o r  h igh  frequencies, som e reduction o f  the figure given above can be allow ed , but it 
is n o t yet possib le  to  state exactly  h ow  m uch.

N o te . —  If the te leph one adm inistration uses for its adjustm ents the transm ission  o f  a 
lo w  frequency near an  uneven  m ultip le o f  h a lf the line frequency, the signal/no ise  ratio  
relating to  the disturbance caused by th is frequency on  the pictures transm itted  w ill be  
determ ined by arrangem ents betw een the adm inistrations and organizations concerned.

(c )  D isco n tin u o u s random  n o ise  : ratio  o f  ab ou t 25 db for  very short im pulsive n o ise  w ith  
low  repetition  rate.
F o r  lo n g  im pulsive n o ise  and for h igh repetition  rates it is n o t yet possib le  to  define  
the required signal/no ise  ratio.

H . Phase and am plitude response.

C haracteristics p ro p o sed  b y  the U nited K ingdom  (D oc . N o . 39, de Stockholm ).

(a )  A m plitude/frequency characteristic :

kc/s up to 500 500-1000 1000-2800

db ± 1 ± 1 . 5 ± 2 .5

(b )  P hase/frequency characteristic :

kc/s 200-2000 2000-2500 2500-2800

fis ± 0 .1 5 ± 0 .2 5 ± 0 . 5

(c )  T he rise-tim e from  10%  to  90%  o f  the overall am plitude should  n o t exceed  0 .16  m icro
seconds w hen  the test is m ade w ith  a pu lse  w h ose rise-tim e does n o t exceed  0 .05 m icro
seconds.

C haracteristics p ro p o sed  b y . France  (D o c . N o . 435).

(a )  H ig h  frequencies :

T he outp ut signal characteristics corresponding to  a un it signal, deem ed ideal, applied  
betw een the input term inals :

—  rise-tim e betw een am plitudes corresponding to  10%  and 90%  o f  the am plitude in  
the steady state < 6 5  m ^s,

—  overshoot < 10%,
—  ratio  o f  the am plitude o f  one transient oscilla tion  to  that o f  the fo llow in g  > 2.

(b )  Low. frequencies :

A  standard signal o f  n om in a l am plitude, com prising a 50 c /s square signal superim posed  
o n  the norm al synchronizing ahd  suppression  signals, is applied at the circuit input : 
on. the resulting signal at the circuit output term inals, the potentia l difference betw een  
the corresponding extrem ities o f  the lead ing edges o f  tw o consecutive square signals 
sh ou ld  n ot exceed 3%  o f  the peak-to-peak  am plitude o f  the com plete signal.
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C haracteristics p ro p o sed  b y  the F ederal Germ an Republic  (D o c . N o . 334 and A nn. 1).

Transient response o f  a te lev ision  transm ission  circuit to  a test square signal repeated  
with a variable frequency.

1. R ise-tim e from  0.1 to  0.9 tim es the steady state a m p l i t u d e ........................... < 0 .1 -xs

2. Just perceptible variations o f  the steady state am plitude :

(a )  for duration from  0.1 to  1 ( x s ............................................................. see F ig . 2
(frequency o f  test square signal : approx. 0 .2  to  0 .5  M c/s)

Rise time 
< 0 . 1  [j.s

+ tji.s +  % — %

0.1 11.5 6 .0
0 .2 7 .0 4 .5
0 .3 5 .0 3 .0
0 .4 4 .0 2 .5
0 .5 3 .0 2 .2
0 .7 2 .5 1.5
1.0 1.5 1.5

1,2

11

10

0,9

0,5

0,1

0

T3
3

H
s

■ocC

0.2 0,4 0,6 0,8 1.0

F ig u r e  2

(b )  for duration from  1 to  50 us (roughly the line length)
(frequency o f  test square s ig n a l : approx. 10 kc/s to  100 kc/s)

—  in case o f  slow  transient variations ( A t > l  p i s ) .............................  ±  1.5 %
—  in case o f  rapid transient variations (At <  1 u s ) • ± 1 .0 '%
(e.g. long-delay echoes)

(c )  for duration from  50 us to  10 m s .......................................................... .... . ±  5 .0  %
(frequency o f  test square signal 50 c /s  to  1000 c/s)

T he above values are on ly  provisional, since the shape o f  the test signal has n ot yet been 
definitely established. T w o shapes o f  test signal ean be considered :

1. A  square signal w ith  transition in the form  o f  sin2 ;

2. A  square signal w ith  transition  in the form  o f  an integral sine ;
(R ise-tim e : 0.1 to  0 .9  ; 0 .05 to  0.1 us).

a



D R A F T  R E P O R T

F R E Q U E N C Y  S T A B IL IS A T IO N  O F  T R A N S M IT T E R S

1. Introduction

(a) In certain frequency bands a large number of transmitters at present in use are more stable
than is required by the Radio Regulations (Atlantic City, 1947—App. 3) ;

(b) It seems possible and desirable that new transmitters for these frequency bands should com
ply with more stringent tolerances;

(c) The additional cost involved in ensuring that these new transm itters comply with the new
tolerances is negligible in comparison with the prime cost and operating expenses of the
equipment.

2. Conclusion

On the basis of the documents available at Brussels (March-April; 1955) it seems practicable
to keep the frequency of new transm itters within the following limits :
2.1 In Band B o f App. 3 of the Radio Regulations (535 kc/s — 1605 kc/s), ± 10  c/s.
2.2 In  Band D  of App. 3 of the Radio Regulations (4,000 kc/s — 30,000 kc/s) for Fixed Stations

with a power of more than 500 watts, ±0.0015%.
2.3 In Band D  of App. 3 of the Radio Regulations for Fixed Stations with a power of 500 watts 

or less, ±0.005% .
2.4 In Band D  of App. 3 of the Radio Regulations for Coastal and Aeronautical Stations with 

a power of m ore than 500 watts, ±0.0015%.
2.5 In Band D  of App. 3 of the Radio Regulations for Broadcasting Stations, ±0.0015%.
2.6 In Band E of App. 3 of the Radio Regulations (30 Mc/s — 100 Mc/s) for Land Stations,

±0.0075%.
2.7 In  Band E of App. 3 of the Radio Regulations for Mobile Stations, ±0.0075%.
2.8 In the event of the above standards of performance being adopted by an Administrative 

Radio Conference as revised tolerances for App. 3 of the Radio Regulations, three years 
might be necessary to  enable all organizations to achieve these standards.

2.9 Existing transm itters should be improved to meet these standards of performance as soon 
as possible and the date by which all existing transmitters can be made to  meet the new 
standards should be studied in the near future.

3. The study is not complete and it is noted that closer limits might be adopted in some of the
frequency bands. Administrations are requested to submit further contributions to  this
study for consideration at the Plenary Assembly at Warsaw.
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D R A F T  R E P O R T  O N  T H E  R E Q U IR E M E N T S  F O R  T H E  T R A N S M IS S IO N  
O F  T E L E V IS IO N  O V E R  L O N G  D IS T A N C E S

(S tudy  P ro g ram m e N o . 32 (X I))

I. General

1. L ong distance an d  junction  lines.

The C.C.I.F. has established the following definition for a television circuit AD for inter
national television transmission by line :
(a )  The junction line AB, linking the studio or switching centre, situated at point A, to the inputB  

of the long distance line ;
(b )  Long distance line BC ;
(c) Junction line CD connecting the output end C of the long distance line to  a studio, switching

centre or radio transm itter, situated at point D.

C.C.I.R. Study G roup No. XI agrees to the adoption of this definition for radio relay links
or mixed cable and radio systems. The Study G roup considers that the requirements given in 
Section II below can be regarded as applicable to the long distance line BC, provided the junction 
lines AB and CD are not long enough to cause appreciable distortion. .

2. H yp o th e tica l reference circu it f o r  T V  transm ission over radio links.

C.C.I.R. Study G roup No. XI recommends for a radio relay link system a hypothetical
reference circuit 2500 km long, with two intermediate video connection points.

3. Video connection po in ts.

At each video connection point, the output terminals of one set of equipment are connected
to the input terminals of the next set of equipment by a length of cable, equalized if necessary.

(a) A t the input to a long distance line

Connecting
Video source B cable Equalizer B' M odulator

Long distance line
F ig u r e  1

The terminals at B are considered to be the input terminals of the long distance line. The 
connection BB' is a permanent link forming part of the long distance line. ■
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(b) At the output o f a long distance line

Connecting
Demodulator C cable Equalizer C' Video load

Long distance line

The terminals a t C are considered to be the output terminals of the long distance line. The 
connection CC ' does not form  part of the long distance line.

II. Requirements for the transmission of black and white television signals

A. Impedance.

The impedances looking into the video input/output terminals of the equipments term inating
a long distance link shall have a nominal value of 75 ohms with one term inal connected to earth, 
and a return loss *7 of not less than 24 db relative to 75 ohms.

In  fixing this tolerance it is assumed that :
(a) the impedances looking into the terminals of the source and the load connected to the long

distance link will also have a return loss of not less than 24 db relative to 75 ohms ** ;
(b) The cable used to make these connections will have, at the higher video frequencies, a

characteristic impedance with a return loss of not less than 30 db relative to 75 ohms.

B. Polarity and DC component.

The polarity of the signals a t any video connection point shall be positive, i.e., such that
passage from black to white produces an increase, in the algebraical sense of the word, of the 
potential at the terminal which is not connected to earth (see diagram below).

F ig u r e  3

* The return loss of an impedance Z relative to 75 ohms is : .
I 75 +  Z I 

2° log10 decibels

** The French Administration reserves the right to adopt different values for the return loss provided that the quality of 
transmission is maintained.

The Administration of the Federal German Republic reserves the right to express its final opinion concerning the return 
loss values. This will be done as soon as possible.

-- 272d --



— 3 —

The useful D C  com ponent (i.e. the component which is related to the average overall illu
mination of the picture) may or may not be present in the signal from the video source and need 
not be transm itted over a link or delivered at the output terminals.

Any unwanted D C  component accompanying the signal and quite unrelated to it (e.g. the 
component due to D C  valve supplies) shall not cause more than 0.5 watt to be dissipated in the 
impedance (nominally 75 ohms) to which it is connected. Should this load impedance be discon
nected, the voltage of the unwanted component shall not exceed 60 volts.

C. P ea k -to -p ea k  am plitude o f  overa ll signal *.

A t the terminals B (Fig. 1) and C (Fig. 2) the nominal amplitude of the signal, from peak
white to the tip of the synchronizing signal shall be :

1 volt for all the European television systems described in C.C.I.R. R eport No. 35 (London, 
1953). On initial adjustment for setting up a long distance circuit, the peak-to-peak amplitude of 
the signal shall be adjusted to within ± 5 %  of this value of 1 volt at the terminals B and C.

F or the 525 line system used in the USA, the nominal value adopted, corresponding to that 
of 1 V defined above, is, as a general rule, 1.4 V with a tolerance of ± 25%  and sometimes 
2 V ±25% .

D . P ea k -to -p ea k  am plitude o f  synchronising signal.

During the initial setting up period the peak-to-peak amplitude of the synchronising signal
transmitted by itself shall be 0.3 V ±0.02 V at all the video connection points where the nominal 
peak-to-peak am plitude of the overall signal is 1 V.

E. N on -linearity  distortion .

(a )  For the p ic tu re  signal

The annexes to the present report give the admissible tolerances and the measurement 
methods proposed by the Administrations of the following countries : France, Federal 
Germ an Republic, U nited Kingdom and Switzerland.

(b )  For the synchronising signal

The tolerances for the peak-to-peak amplitude of the synchronising signal at the output 
of a long distance circuit are : +  10% to — 30% of the nominal value provided that any 
variation is slow. F or rapid variations, particularly if associated with the picture content, 
more stringent tolerances will be required, but these cannot at present be specified. 
The annex submitted by the Swiss Administration contains an example of these tolerances 
and describes the methods of measurement used.

F. Gain s ta b ility .

U ntil a better m ethod of measuring the gain stability of a television transmission circuit has
been determined, the following m ethod and tolerances are recommended. The tolerances are 
intended to  include any variations due to propagation effects.

The peak-to-peak am plitude of the signal at the input to the circuit is set up to a value within 
the range 1 volt ±  5 % and is then maintained constant. The variation of the peak-to-peak am 
plitude of the signal a t the output of the circuit shall not exceed the following values for :

* Theoretically the amplitude should .be measured with the useful DC component of the signal restored, but in practice this
is not necessary. This remark applies equally to § D.
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(a) Short-period variations (e.g. 1 second) : ±0.3 db * ;■
)

(b) Medium-period variations (e.g. 1 hour) : ±1 db ;
(c) Long-period variations (e.g. 1 month) :

— if the circuit is unattended, i.e. not adjusted before each transmission period, the gain
should not depart from its nominal value by more than  ± 2  db,

— if the circuit is permanently attended, the tolerances in (b) above will be applicable, i.e., 
the gain will have to be readjusted whenever it departs from  its nominal value by more 
than ± 1  db.

G. Signal-to-noise ratio.

The values given below should be achieved for not less than 99 % of the time **.
The values quoted are a translation into decibels of the ratio :

peak-to-peak amplitude o f picture signal 
(excluding synchronising pulses)

RMS *** amplitude of noise in the bandwidth 0 to fc 

in the case of random  noise, fc being the upper limit of the frequency band for the system considered 

and of the ratio :
peak-to-peak amplitude o f picture signal 

(excluding synchronising pulses) 
peak-to-peak amplitude o f noise

in the case of periodic noise or discontinuous random  noise.

The tables below give, for the different systems, the figures for :
(a) random  continuous noise with a uniform energy versus frequency spectrum ;
(a') random  continuous noise with the spectrum energy rising with frequency a t a rate of 6 db

per octave ;
(b) periodic noise.

405 line system

(a) 50 db
(a') 42 db | f‘ =  3 MC/S
(b) 30 db at 50 c/s

45 db a t 100 c/s
55 db between 1 kc/s and 1 Mc/s
55 db decreasing linearly to 25 db between 1 and 3 Mc/s.

* The French Administration considers that it will be difficult to satisfy the condition (a) in all cases, and especially with
radio relay links when tropospheric propagation effects give rise to deep fading with rapid variations.

** The precise meaning intended by “ 99% of the time ”  requires further study in collaboration with Study Group No. IX .
*** The RMS value for random continuous noise is recommended rather than the quasi peak-to-peak value specified in the 

draft report o f Sub-Group.XI-D (London, 1953, Vol. I,.p . 270) because there is some difficulty in fixing the ratio o f the quasi 
peak-to-peak to RMS values.
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625 line system s and  B elgian 819  line system

(a )  48 db |  fc =  5 Mc/s when the R F  channel is 7 Mc/s
(a ')  41 db /  and 6 Mc/s when the R F  channel is 8 Mc/s.
(b )  30 db at 50 c/s 

45 db at 100 c/s
50 db from  1 kc/s to  1 Mc/s
50 db decreasing linearly to 30 db between 1 and fc Mc/s.

819 line system

(“J )  37 db } f‘ =  10 MC/S
(b )  45 db from 50 c/s to  1 Mc/s

45 db decreasing linearly to  20 db at 6 Mc/s 
20 db from 6 to 10 Mc/s.

F or a ll system s  

Discontinuous random  noise :
25 db for very short impulsive noise with a low repetition rate.
F o r long impulsive noise and for high repetition rates it is not yet possible to define the 
required signal-to-noise ratio.

H. A m plitude an d  phase response.

405 line system

(a )  Amplitude/frequency characteristics :

kc/s up to 500 1000 2800

db ± 1 ± 1 .5 ± 2 .5

The tolerances are relative to the amplitude measured at 100 kc/s and increase linearly between 
the frequencies specified.

(b )  G roup delay frequency characteristics :

kc/s 200-2000 2000-2500 2500-2800

JJ.S ± 0 .1 5 ± 0 .2 5 ± 0 .5

G roup delay is measured with a 100 kc/s modulation on the test frequency and the tolerances 
are relative to the delay a t 200  kc/s.

* Noise o f type (a) only arises in transmission by coaxial cable and no value is given as this type o f transmission is not
at present used for the 819 line system.
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625 line systems and Belgian 819 line system

1. For channel width 7 Mels.

Attenuation (db)

6

Figure 4. — Attenuation variation as a function o f frequency, in relation to the value
for 100 kc/s

Group delay (microseconds)

Figure 5. —  Variation in group delay as a function o f frequency, in relation to the value
for 200 kc/s

F ig u r e s  4 a n d  5. ;— Amplitude and phase characteristics provisionally proposed fo r  television 
transmission circuits (625 line system )

Notes. — 1. Moreover, in an interval o f 100 kc/s, the variation should not exceed 0.1 m icrosecond. 
The limits for envelope delay may appear somewhat wide ; no closer limits can be fixed at present.

2. On the other hand, the “ phase change-frequency ” characteristic for 30 c/s to 200 kc/s should
not deviate by more than ± 6 °  from a straight line with an ordinate origin equal to 0 or to a whole  
multiple o f 360°.
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2. For channel width 8 M e ls  (as for 1), except that the frequency 5000 kc/s should  be changed
to  6000 kc/s.

8 1 9  line system . 

Attenuation (db)

see detail (b)
Frequency

Figure 6. —  (a )  Attenuation variation as a function of frequency, in relation to the value
for 100 kc/s

\ ) ,0 3 100 200 kc/s

(b) Detail o f diagram (a ) ,  30 c/s to 200 kc/s

Group delay time (microseconds)

0,15
0,09

0
-0,09
-0,15
- 0,2

- 0 ,3

-0 ,5

Frequency

Figure 7. —  Variation in group delay as a function o f frequency, in relation to the value
for 200 kc/s

F ig u r e s  6  a n d  7. —  Amplitude and phase characteristics provisionally proposed fo r television 
transmission circuits (819 line system )
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. N o te s:  ' ' ' ' ' ' ' • •

1. Certain of the characteristics given in this paragraph were intended to apply only to a circuit
1000 km long without intermediate video connection points.
The C.C.I.R. asks the C.C.I.F. whether all the characteristics could, be accepted for a hypo
thetical reference circuit of 2500 km with two intermediate video connection points.

2. The C.C.I.R. directs the attention of the C.C.I.F. to the fact that the amplitude and phase
characteristics specified do not ensure, ipso facto , that the very low frequency response of the
circuit will be satisfactory. To check that the very low frequency response is satisfactory, it
is advisable to use a special test waveform of nominal amplitude comprising a 50 c/s square
wave superimposed on normal synchronising and suppression signals. When this signal is
applied to the input of a circuit, the corresponding signal at the output shall be such that the
change of potential over half a period along the top or bottom  of the 50 c/s square wave
does not exceed a few per cent of the overall peak-to-peak amplitude.

3. The above specifications for the steady state values, although useful, if not indeed indispensable
in the calculation of circuit elements fo r picture transmission, do not, however, give the full
assurance of a satisfactory transmission of transients which are of first importance in television.
The C.C.I.F. had also made proposals concerning the form  of test signals for transients.
The C.C.I.R. is not yet in a position to give its opinion on these proposals and on tolerable
distortions in the shape of the signals at the output of the circuit. But is wishes to  underline
its great interest in carrying out this study and to emphasize the urgency of concluding it.

III. Requirements for the transmission of colour television signals

In the absence of theoretical and/or experimental data on the colour systems tha t may be 
brought into use, at least in Europe, it is impossible at present to  indicate, even approximately, 
the corresponding requirements. I t is reasonable to expect, however, tha t the requirements given 
in Section II  for the transmission of black and white signals might have to be modified to  some 
extent.

A N N EX  I

F r a n c e

Specifications for non-linearity distortion

Two separate specifications are proposed-for the definition of signal distortion due to  non- 
linearity.

The first specification is for the “ vision ”  portion of the signal and concerns the slope variation 
of the output/input amplitude characteristic.

The second is for the “ synchronisation ”  portion of the signal and concerns the amplitude 
of the outgoing synchronising signal.

In practice the measurements are made simultaneously :
The two test signals rep re se n ted ,^  the following figure, are fed successively to  the., circuit 

in p u t :
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White level (nominal)

wwwvw wv Grey

0,7 V
h

lev e l

Black

0,3 V
leve l

1st Test Signal 2nd Test Signal

F ig u r e  8

Both signals consist of :
— a grey level h adjustable between 0.1 V and 0.8 V ;
— a sinusoidal or square modulation, superimposed on the grey level, with a peak-to-peak

amplitude equal to 0.2 V and a frequency of the order of 500 kc/s ;
— a synchronising signal with an amplitude of 0.3 V.

The grey level duration of the first test signal'is equal to the non-blanking duration of the line 
w h ile th a t of the second is approximately 1/ 8 of that duration.

W ith the transmission equivalent so adjusted that the nominal voltage at the output corres
ponds to that a t the input, h  is made to vary and measurement is taken of the peak-to-peak output 
am plitude of the m odulation superimposed on the grey level, as well as of the peak-to-peak output 
amplitude of the synchronising signal. x

These measurements should satisfy the following conditions :
(a) W ith h varying from  0.1 V to 0.6 V, the modulation amplitude should not be lower than

0.75 times its maximum value.
(b) W ith h varying from 0.1 V to 0.8 V, the tolerance should be reduced to 0.6 times (circuit

slightly overloaded).
(c) W ith h varying from 0.1 V .to 0.8 V, the amplitude of the synchronising signal should remain

equal to +  0.03 V or — 0.09 V.

N ote: Owing to  lack of practical experience with a circuit 2500 km long, the above values
are tentative.

ANNEX II

F e d e r a l  G e r m a n  R e p u b l i c

Method for measurement of non-linear distortion

1. A test signal is fed to the video input of the television circuit (see Fig. 9). The signal consists
of line synchronising pulses and a sawtooth voltage with a duration equal to that of (4 line,
followed by a continuous white level, lasting till the end of the line. A  4 Mc/s sine frequency, for
instance, with a peak-to-peak am plitude equal to 1 0 % of the total voltage is superimposed on the
sawtooth voltage. (The exact sawtooth voltage values are given in the figure ; these are selected
in such a way as to ensure that the modulated sawtooth peak elongations reach the white and the
black levels simultaneously).

A  passband filter for 4 Mc/s is inserted at the circuit output. Finally, the slope of the am 
plitude/amplitude curve is measured by means of an oscilloscope (see Fig- H)-
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To ascertain whether the slope thus measured is sufficiently independent of the continuous 
component value, the test signal is modified as shown in Fig. 10, i.e., the sawtooth is shifted from 
one end of the line to the other.

For the tolerance, a value of ± 10%  the mean value is accepted. This method has been found 
to provide measurements with an accuracy of ± 3% , which is considered acceptable.

2. The following m ethod is proposed for the measurement o f synchronising pulse distortion :

W ith test signals, corresponding either to Fig. 9 or Fig. 10, the synchronising pulse voltages
should not show variations of more than + 1 0 % o r — 30% of the measured value, when the 
synchronising pulses are transm itted alone.

V

F i g u r e  9

F i g u r e  10
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Slope

% line !4 line

F ig u r e  11

ANNEX III

U n i t e d  K i n g d o m

Non-linearity

F or the measurement of non-linearity, the following procedure may be adopted :

(i) The gain of the circuit is determined and set within the permitted tolerance while transmitting
synchronising signals only ;

(ii) A narrow  white bar (10% line period) is then added to the synchronising pulses and increased
in am plitude in steps of 2 0 % from  0  to 1 0 0% of the to tal picture amplitude at the input.
The corresponding bar amplitudes are measured a t the o u tp u t;

(iii) The same procedure is then carried out with a bar occupying the full available line width,
the amplitudes of the bar and the synchronising signal being measured at the output for each
input level setting.

Then for all amplitudes of the narrow and wide bar the ratio  amplitude of bar at output : 
am plitude of bar a t input, shall lie between the limits 0.9 and 1.1 times the gain of the circuit 
(the gain being nominally one), and the amplitude of the synchronising signal a t the output shall 
not vary by more than +  10 %  to — 30 % of its amplitude measured with synchronising pulses 
only present.

Other methods of measurement utilizing more complicated test signals may be employed if 
desired for rapid measurements so long as the range of voltage excursions explored is substantially 
the same as that covered by the two simple waveforms detailed above.
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ANNEX IV

S w i t z e r l a n d

Measurements and tolerances of the non-linear distortions of a TV circuit

To assess the am ount of non-linear distortion present in a TV transmission system, the 
following measurements are carried out and the results obtained are required to line within the 
tolerances indicated.

Test S ign al I

Definition. '

CW signal of variable frequency ( 2 ___  5.5 Mc/s) and constant am plitude (100 mV peak-
to-peak) superimposed on standard line sawtooth.

M easurem ent.

The CW part of the signal is removed at the output of the circuit by means of a high-pass 
filter (f_ 4  =  1.8 Mc/s) envelope-detected and applied to  an  oscilloscope.

!.

F ig u r e  13

Tolerance

m > M for any one given frequency in the specified range.
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Test Signal I I
Definition.

CW signal of variable frequency ( 2. . .  5.5 Mc/s) and constant am plitude (100 mV peak-to- 
peak) superimposed on variable grey line signal.

0,3 V

0,1 V

F ig u r e  14

Measurements.

(a) The output signal is directly connected to an  oscilloscope. The circuit is assumed to have been
set up (e.g. peak white signal a t the input at standard level to produce 1.0 V peak-to-peak,
at the output). Then the ratio  of h  at the input to  h  a t the output with or without the
CW signal shall, for values of h  between 0.1 and 0.7 V, always lie within the range 0.9
to 1.1.

(b) The output signal is fed through the high-pass filter as under I and may or may not be
envelope-detected. Then for any value of h  between 0.1 and 0.7 V the peak amplitude of the
CW signal (or its envelope) shall not vary by more than ±10% .

Test Signal I II
Definition.

50 c/s square-wave properly suppressed and superimposed on line synchronising signal. 

Measurement.

Directly with oscilloscope, before black level clamping (if any).

Tolerance.

Note: All signals are used also for measuring other circuit characteristics.

^
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M E A N S  O F  E X P R E S S IO N  

D efinitions, V ocabulary , G raphical and L e tte r  Sym bols

(R ec o m m e n d a tio n s  N o s. 26 a n d  34 o f  th e  C .C .I.R . an d  R e so lu tio n s N o s. 66, 67 an d  175 
o f  th e  A d m in is tra tiv e  C ouncil o f  th e  I .T .U .)  

(S tudy  G ro u p  N o . XIV)

T he C .C .I .R ., (G eneva, 1951)

CONSIDERING :

(a )  T hat it is o f  the first im portance to  standardize the m eans o f  expression  (term s, sy m b o ls , 
m easurem ent units) w ith  a  v iew  to  better and m ore rapid understanding am on g  the  
participants in  the w ork o f  the C .C .I. s ;

(b )  T hat such standardization  is far from  being  accom plished ;

UNANIMOUSLY RESOLVES

1. T hat each study group o f  the C .C .I.R . sh ou ld  establish a list o f  definitions o f  the principal 
term s and sym bols used in  the branch [of rad iocom m unication  w ith w h ich it  is concerned  ;

2. T hat the D irector  o f  th e  C .C .I .R ., as h is other duties perm it, shall co llect availab le inform 
a tio n  concern ing the standardization  o f  m eans o f  expression  (term s w ith  their definitions, 
graphical and  letter sym bols) ;

3. T hat adm inistrations sh ou ld  co llaborate  to  their u tm ost in  the preparation o f  a  list o f  radio  
com m u nication  term s, by forw arding to  the D irector o f  the C .C .I.R . the g lossary o f  technical 
term s and docum ents o f  national standards, i f  any, together w ith  any other docum ents that 
m ay be o f  value in  com piling  a first draft list o f  term s and . sym bols ;

4. T hat the D irector o f  the C .C .I.R . should  exam ine a ll the docum entation  
co llect and reach agreem ent w ith  the chairm an o f  the Study G roup on  
subsequent work, w ith  a  v iew  to  exam ination  by the V llth  Plenary  
C .C .I.R . ;

5. T hat care sh ou ld  be taken  n o t to  duplicate w ork  already carried o u t by 
in ternational organizations.

RESOLUTION No. 5

R E S O L U T IO N  N o . 10

E X T E N S IO N  O F  T H E  C .C .I.R . P R O P A G A T IO N  C U R V E S  B E L O W  300 kc/s

(S tudy  G ro u p  N o . IV)

T he C .C .I.R ., (L ond on, 1953)

CONSIDERING :

(a )  T hat the I .F .R .B . in  D o c . N o . 346, Q uestion  '(d), has requested that propagation  curves 
g iven  in  R ecom m end ation  N o . 52 be extended  to  distances above  2000 km  for frequencies 
betw een 10 k c /s  and 300 kc /s ;

he is thus able to  
V ocabu lary  as to  
A ssem bly  o f  the

n ational or other
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(b )  T hat this extension  co u ld  be lim ited  to  d istances corresponding to  field strengths o f  not  
less than 0.1 j^V/m ;

(c )  T hat for the construction  o f  these curves on ly  the first term  o f  the residues series has to  
be u s e d ; t

( d )  T hat at very little  cost, the exten sion  o f  the curves cou ld  therefore be m ade by  the Secretariat 
o f  the C .C .I.R . ;

(e )  That, how ever, ionospheric  reflections o n  the frequencies under consideration , m ay, even  
in  day-tim e, becom e o f  m ajor im portance ;

r e s o l v e s  :

1. T hat the atten tion  o f  the I .F .R .B . be drawn to  :

1.1 Paragraph (d )  above ;

1.2 T he fact that the sky-w ave on  frequencies below  300 k c /s  and for  d istances larger than  
2000 km  m ay be predom inant, bearing in  m ind the lim itations m entioned  in  R ecom m en d a
tion  N o . 52 (§  (i) o f  A n n e x ) ;

2. T hat in form ation  be sought from  Study G roup N o . V I concerning the expected  values o f  
the field  strength o f  the sky-w ave on  these frequencies and  distances.

R E S O L U T IO N  N o . 11

P U B L IC A T IO N  O F  G R O U N D -W A V E  P R O P A G A T IO N  C U R V E S  
B E T W E E N  30 A N D  300 M c/s

(Q uestion  N o . 6 (IV) —  S tudy  P ro g ram m e N o . 16) 
(S tu d y  G ro u p  N o . IV)

The C .C .I.R ., (L ond on , 1953)

CONSIDERING :

(a )  T hat the idealized  theoretical curves o f  th is nature w ou ld  be usefu l in  co n n ection  w ith  the  
planning and operation  o f  te lecom m u nication  services ;

(b )  T hat the extension  o f  these curves to  frequencies o f  the order o f  300 M c/s  is justified. A t  
the higher frequencies and large distances ground irregularities and tropospheric influences

v. cause departures from  the theoretically  assum ed cond ition s, nevertheless theoretical curves 
rem ain o f  considerable value for  reference purposes and  to  ind icate the effects o f  these  
factors ;

(c )  T hat in  v iew  o f  the increasing influence o f  the troposphere and terrain at still h igher frequencies 
it  is for  the present considered that the extension  o f  the curves beyon d  300 M c/s is n o t  
ju s t if ie d ;

(d )  T hat refraction in  the troposphere does affect the received field strength, and  that the value  
o f  effective earth radius w hich o n  average conform s m o st nearly to  m easured data above  
10 M c/s,, at least for tem perate clim ates, is 4 /3  o f  the actual radius ;

RESOLVES THAT I

1. Such curves should  be prepared*to m eet the fo llow in g  cond itions :

1.1 The calcu lations shall be m ade for  frequencies o f  30, 60, 100, 150, 200 and  300 M c/s ;

1.2 The m axim um  distance to  be covered  w ill be 200 km , and  the curves shall be  carried in
tow ards the transm itter to  the v ic in ity  o f  the first m axim um  o f  field strength ;
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1.3 T he e levation  o f  the transm itting antenna above the ground for w h ich  the curves shall be  
constructed are 10, 20, 50, 100, 200, 500 and 1000 m etres ;

1.4 T he e levation  o f  the receiv ing antenna above the ground for w h ich  the curves shall be
constructed are 0, 2, 5, 10, 20, 50, 100, 200, 500 and 1000 m etres ;

1.5 B o th  horizontal and vertical polarisations shall be considered ;

1.6 T he curves shall be constructed  for sea and land paths. F or sea-water a relative dielectric
con stan t o f  80 and a condu ctiv ity  o f  4 x  10-11 e.m .u . shall be assum ed. F o r  land the values
shall be 10 and 1( H 3 respectively ;

1.7 Standard refraction shall be a llow ed  for by em ploying an effective earth radius equal to  4/3  
o f  the actual earth radius ;

1.8 T he curves shall be  presented in  the fo llow in g  w ay :

—  the abscissa shall represent the distance linearly in  kilom etres. T he ordinate w ill indicate  
the field strength in  decibels relative to  1 m icrovolt/m etre betw een the lim its 0 and  
+  100 db. O ne centim etre shall correspond to  10 decibels ;

—  the curves shall refer to  a half-w ave transm itting d ipole, the m om en t o f  w hich corresponds 
in  free space to  a field in  the equatorial plane o f

2.22 x  105 ^ y jm  . (See A nnex)
-Dkm

—  each  ind ividual diagram  w ill contain  curves for a ll receiving heights and for a single  
com bination  o f  the stated  values o f  transm itting heights, frequeiipy, polarisation  and  
ground constants ;

—  a separate curve sh ou ld  be drawn (dotted) ind icating the free space values o f  field strength ;
—  if  possib le , m ore than  on e  diagram  shall be printed o n  a single sheet o f  the b o o k  o f  curves, 

to  facilitate cross-reference. A s an exam ple, the opened  b o o k  m ight sh ow  2 curves on  
the left hand page and 2 curves o n  the right hand page, the cond itions for  a ll four diagram s 
being identical except for a progressive change o f  transm itter height. Thus, 4  curves 
w ou ld  be sh ow n together for transm itter heights 10, 20, 50 and 100 m etres, and four  
curves w ou ld  be sh ow n  together for transm itter heights 100, 200, 500 and 1000 m etres.

1.9 T he basis for  the ca lcu la tions shall be the rigorous m athem atical treatm ent developed from
the H ank el fun ction s w here the residues series has to  be used. A t the sam e tim e, lengthy  
ca lcu lations w h ich  lea d  to  an  accuracy w h ich  is n o t significant under the conditions o f  
use sh ou ld  be avo ided . W ithout som e prelim inary w ork  it is n o t possib le  tor specify  
th e  approxim ation  w h ich  m ight be used  ;

2. T hat the D irector o f  the C .C .I .R ., (this being the m ost appropriate organisation), should  be  
asked to  undertake th is w ork  ;

3 . In  organising the w ork  the atten tion  o f  the D irector o f  the C .C .I.R . is drawn to  the publica
tion s nam ed  in  U .K . D o c . N o . 154 (4.3.2) and the Italian  D o c s . N o s . 260 and  287.

N o te . —  Careful consideration  o f  the num ber o f  po in ts for w hich calculations w ou ld  be  
required suggests that the to ta l effort w ou ld  represent very approxim ately 1000 m an hours. This 
estim ate assum es that the w ork  w o u ld  be carried out by a U niversity  graduate or person o f  equiva
lent standard.

A N N E X

In order to  give the curves a precise significance, it  has been resolved above that they be  
calculated accurately for  the idea l type o f  transm itting antenna to  w hich the rigid m athem atical 
analysis app lies, nam ely  a very sh ort antenna or d ip ole  o f  kn ow n m om ent. It is therefore desirable 
to  use the sam e value o f  the d ip o le  m om ent for  a ll heights o f  this antenna. T he pow er radiated  
by it w ill then  vary w ith  its height, but it w ou ld  n o t be feasible to  label each curve w ith  the cor
respond ing radiated pow er, as the problem  o f  determ ining the radiation  resistance o f  an antenna
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above an  im perfectly conducting spherical earth is extrem ely com plex and has n o t been solved  
to  an  accuracy com parable to  that to  w hich the curves w ill be drawn. F or  the sam e reason it 
w ould  n o t be practicable to  adjust the curves to  correspond to  a constant radiated pow er from  
the ideal antenna.

Instead o f  specifying the d ipole m om ent, it  is m ore practicable to  state the field w hich the  
dipole  w o u ld  produce in  its equatorial plane at a sufficiently great d istance in  free space. I f  th is  

k x  105
is expressed as — ——  (j-V/m where k  is proportional to  the d ip ole  m om en t and D  is the distance

in  km , such a d ipole  w ou ld  produce a cym om otive force o f  100k v o lts in  its equatorial plane  
in  free space, or a e .m .f. o f  200k volts at the surface o f  a perfectly conducting plane earth i f  it 
is placed in  a vertical p o sitio n  at any height above it, sm all com pared w ith  the distance D .

T he field at the distances for w hich the curves are to  be drawn, i.e . beyond  the last m axim um  
going  from  the transm itter and in to  the diffraction region, w ill be  derived m ainly from  the energy  
leaving the transm itter at lo w  angles o f  elevation  and very little  from  the energy leaving at high  
angles. If, therefore, tw o different antennae producing the sam e field  in  the equatorial p lane in  
free space have polar diagram s that only differ significantly at h igh  angles o f  elevation , they w ill 
produce substantia lly  the sam e field under the con d ition s specified for the curves w hen one is 
substitu ted for  the other.

A n  aerial o f  great practical interest to  the engineer for use in  the p roposed  frequency range  
is the half-w ave dipole and its polar diagram  in free space fo r  a given  field in  the equatorial p lane  
is c lose  to  that o f  the very short antenna except a t h igh  angles o f  elevation . Such a half-w ave

2 22dipole in  free space w ill set up  a field o f  105 gV /m , corresponding to  a c.m .f. o f  222 V olts  

in  its equatorial plane w hen  it  radiates 1 kW .

Thus, as the value chosen  for k  is 2.22, the curves that it  is p roposed  to  construct for the  
short antenna w ill correspond for all practical purposes to  chose  for a half-w ave d ip o le  that 
w ou ld  radiate 1 kW  in  free space, provided that the transm itter height associated  w ith  the curves 
is interpreted as the height o f  the m id-point o f  the half-w ave d ipole. T his is a  device that is w idely  
used  by engineers, and as for  m o st o f  the cond itions to  w h ich  the curves apply the transm itter  
w ill be several w ave-lengths above the ground, the actual radiated pow er w ill be effectively  
1 kW  in  m o st cases.

It m ust be rem em bered, how ever, that for the low est frequency o f  30 M c/s and the low est  
height o f  10 m etres w hen  the propagation  is for  vertical po larisation  over sea, the radiated pow er  
m ay be significantly different from  1 kW , e.g. by as m uch  as 3 decibels. It is nevertheless considered  
desirable to  define the d ipole  m om ent in  the proposed  m anner as for  the general cond itions to  
w hich  the curves apply, since it m eets the requirem ents o f  the engineer w h o is fam iliar w ith  the  
idea o f  radiated power.

R E S O L U T IO N  N o . 12

U S A G E  A N D  M E A N IN G  O F  M U F

(R eco m m en d a tio n  N o . 57, § 1)
(S tudy  G ro u p  N o . V I)

T he C .C .I.R ., (L ond on, 1953)

CONSIDERING :

(a )  T hat responsib ility  for standards, sym bols and con ven tion s in  con n ection  w ith  the production  
and reduction o f  ionospheric  data has n ow  been  assigned  to  and accepted by  U .R .S .I . ;

(b )  T hat, nevertheless, con fu sion  is know n to  have arisen in  the m inds o f  operating personnel 
as a result o f  the tw o distinct usages n o w  prevalent for  the term  M U F  :
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—  the observed or calcu lated  value at a  particular instant o f  m axim um  usable frequency  
corresponding to  specific conditions in  a specific portion  o f  the ever changing ionosphere ;

—  the m edian  observed or predicted value o f  the above quantity at a  particular tim e o f  day 
determ ined, for  exam ple, for a period o f  one calendar m onth  ;

(c )  T hat the definition o f  M U F  as sim ply “ m axim um  usable frequency ”  according to  A n n. I 
o f  G eneva R ecom m en d ation  N o . 57 is n o t sufficiently explicit to  prevent or resolve the above  
confusion  ;

(d )  T hat a large volum e o f  technical and scientific literature recognizes M U F  as having a m eaning  
corresponding to  the first usage referred to  in  (b )  above ;

UNANIMOUSLY RESOLVES :

1. T hat the atten tion  o f  U .R .S .I . be  drawn to  the need for clarification o f  the definition o f  M U F ,  
so  as to  ensure that it  sh a ll be understood to  describe an instantaneous cond ition  o f  a particular  
region o f  the variable ionosp here ;

2. T hat the single w ord  “ M U F  ”  extensively used by prediction agencies on  basic prediction  
charts and  specific circu it predictions derived therefrom  should  be replaced by the tw o  w ords 
“ m edian  M U F  ”  whenever, in  fact, the m edian value o f  M U F  is m e a n t ;

3. T hat the a tten tion  o f  U .R .S .I . be also drawn to  the need  for corresponding clarification in 
the definition o f  d -M U F .

R E S O L U T IO N  N o . 13
\

P R E P A R A T IO N  O F  S H O R T -T E R M  F O R E C A S T S  
O F  IO N O S P H E R IC  D IS T U R B A N C E S

(S tudy  G ro u p  N o . VI)

T he C .C .I .R ., (L ondon, 1953)

CONSIDERING :

(a )  T he grow ing im portance o f  short-term  forecasts o f  ionospheric  disturbances in  facilitating  
m odifications to  norm al operating arrangem ents ;

(b )  T he progress m ade in  the study o f  the correlation betw een ionosp heric  and  m agnetic  
disturbances ;

(c )  T he desirability o f  expediting, as m uch as possib le, the preparation and d issem ination o f  
these forecasts ;

(d )  P o in t 2  o f  R ecom m en d ation  N o . 59, w h ich  advocates that the in form ation  required for the  
preparation o f  short-term  forecasts o f  ionosp heric  disturbances sh ou ld  be centralised by 
the appropriate official agencies, as far as possib le  by the m o st direct electrical m eans o f  
com m u n ication  betw een  these  agencies and the various scientific institutes concerned ;

r e s o l v e s  :

T hat adm inistrations be encouraged  to  take the necessary steps to  estab lish  direct com m unic
a tion  betw een  their official agencies responsib le for  the preparation o f  short-term  forecasts o f  
ionosp heric  disturbances, and  the scientific organisations w hich provide the required m agnetic, 
solar, and other inform ation.*
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IN V E S T IG A T IO N  O F  C IR C U L A R L Y  P O L A R IZ E D  E M IT T E D  W A V ES 
P R O P A G A T E D  V IA  T H E  IO N O S P H E R E

(S tudy  G ro u p  N o . V I)

T he C .C .I.R ., (L ondon, 1953)

CONSIDERING :

(a )  That experim ents w ith circularly polarized em itted  w aves, in  the H F  band, both  at vertical 
incidence in  the ionosphere and at oblique incidence, m ay yield  im portant results for  rad io
com m u nication  regarding the study o f  m agneto-ion ic  effects ;

(b )  T hat for  long-d istance transm ission , a considerable part o f  the fading-phenom ena is due to  
the interference o f  left-handed and right-handed circularly polarized w aves ;

UNANIMOUSLY RESOLVES :

T hat U .R .S .I . be invited  to  start investigation  o f  the ionosp heric  propagation  o f  w aves 
em itted w ith  circular or elliptical polarization  and in form  the C .C .I.R . o f  the results.

RESOLUTION No. 14

R E S O L U T IO N  N o . 15 *
/ ,

S T A N D A R D IZ A T IO N  O F  F A C S IM IL E  A P P A R A T U S  
F O R  U S E  O N  C O M B IN E D  R A D IO  A N D  M E T A L L IC  C IR C U IT S

(S tudy  G ro u p  N o . IX )

T he C .C .I.R ., (L ondon, 1953)

CONSIDERING :

(a )  T hat a Joint Study G roup o f  the C .C .I.T . and C .C .I.R ., under th e  d irection o f  the C .C .I.T . 
has already been form ed for the study o f  certain aspects o f  “ T ransm ission o f  half-tone  
pictures over com bined radio and m etallic circuits ”  ;

(b )  T hat th is Jo in t Study G roup has n o t yet com pleted  its w ork ;

(c.) T hat the C .C .I.R . takes considerable interest in  C .C .I.T . Q uestion  N o . 46  - A rnhem  (i.e. 
Q uestion  N o . VI. 8 (am ended) o f  the G eneva R ev ision ) concerning  the characteristics o f  ' 
apparatus for the transm ission by facsim ile o f  :

—  telegram s in the public telegraph service ;
-— business docum ents ;
—  docum ents o f  large size such as, for exam ple, m eteoro log ica l charts ;

(d )  T hat other questions concerning facsim ile telegraphy w hich  are o f  jo in t interest to the  
C .C .I.T . and  C .C .I.R . w ill probably arise ;

UNANIMOUSLY RESOLVES :

T hat the Joint Study G roup o f  the C .C .I.T . and C .C .I.R . should  rem ain in  being to  study  
these m atters.

* The present Recommendation in conjunction with Recomm endation N o . 127 and Question N o . 95 (IX) completes the
study o f  Question N o . 58.
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S T A N D A R D S  O F  S O U N D  R E C O R D IN G  
F O R  T H E  IN T E R N A T IO N A L  E X C H A N G E  O F  P R O G R A M M E S

Cine type spools

(S tudy  G ro u p  N o . X)

The C .C .I.R ., (L ondon, 1953)

CONSIDERING :

(a )  T hat, a lthough various standards for  m agnetic tape recording at a  speed o f  7 (4  in /s (19.05  
cm /s) have been agreed, the cine type o f  sp o o l norm ally used at th is 'sp eed  has n o t been  
standardized for broadcasting, bu t continues to  appear in  an increasing num ber o f  varieties 
in  various countries ;

(b )  T hat the rapidly increasing use o f  cine type sp ools m akes it likely that i f  their standardization  
is delayed until the next P lenary A ssem bly o f  the C .C .I.R ., it w ill be to o  late to  be effective ;

r e s o l v e s  :

1. T hat the m em bers o f  C .C .I.R . Study G roup N o . X  w ho are m ost urgently concerned w ith  
th is problem  sh ould , as so o n  as possib le, exchange in form ation  concerning the d im ensions 
o f  the various cine type sp oo ls in  use  in  their ow n countries ;

2. I f  standardization  cannot be agreed by correspondence, these m em bers sh ou ld  m eet in the 
early part o f  1954 to  see i f  a provisional international agreem ent can be reached at least on  
the m ost im portant sp o o l d im ensions.

RESOLUTION No. 16

R E S O L U T IO N  N o . 17

T H E  U S E  O F  T H E  26 M c/s  B R O A D C A S T IN G  B A N D

(S tudy  G ro u p  N o . X )

T he C .C .I.R ., (L ondon, 1953)

CONSIDERING ; '

(a )  T hat it is im portant that long-d istan ce broadcasting should  use a ll channels availab le to  i t ;

(b )  T hat, w hen the sm ooth ed  relative sunspot num ber reaches 70, long-d istance broadcast 
transm issions can  be carried out efficiently during daylight hours, over m any routes, on  
frequencies w ithin the 26 M c/s broadcasting band ;

(c )  T hat hitherto these frequencies have been very little used ;

(d )  T hat such  transm issions o n  these  frequencies, w henever they are possib le , are particularly 
advantageous because o f  the very lo w  atm ospheric n o ise  intensity, and the lo w  absorption  ;

(e )  T hat th is band w ill n o t be fu lly  used until receivers covering it are availab le ;
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UNANIMOUSLY RESOLVES :

1. T hat adm inistrations should  bring to the n o tice  o f  broadcasting organizations the advantages  
o f  the 26 M c/s band for long-distance broadcasting w hen  ionosp heric  cond itions are 
favourable ;

2. T hat, w h en  broadcasting organizations have decided that they w ill m ake use  o f  the 26 M c/s  
band, they should  m ake their in tention  kn ow n  w ell in  advance, in  order to  expedite the  
availab ility  o f  su itable receivers.

R E S O L U T I O N  N o .  18

P U B L IC A T IO N  O F  S E R V IC E  C O D E S  IN  U S E  
IN  T H E  IN T E R N A T IO N A L  T E L E G R A P H  S E R V IC E

(S tu d y  G r o u p  N o .  X I I I )
T he C .C .I.R ., (L ond on , 1953)

CONSIDERING :

(a )  T hat the C .C .I.T . during its V llth  Plenary A ssem bly  adop ted  the fo llow in g  question  :

“ T he study, in  collaboration  w ith  the C .C .I .R ., o f  the possib ility  o f  assem bling  
in  a separate volum e, to  be published by the G eneral Secretariat o f  the U n io n , the  

' various codes regarded as useful in the International T elegraph Service (line and radio) 
for universal use by that service ” ;

(b )  T hat the C .C .I.T . has requested the C .C .L R . to  co llaborate in  the study o f  that question  ;

(c )  T hat it  is o f  im portance to  assem ble all service codes useful in  the telegraph service (such as 
th ose  conta ined  in  A pp. I o f-th e  International Telegraph R egu lations, Q -code, e t c . ) ;

UNANIMOUSLY RESOLVES :

1. T hat the C .C .I.R . sh ou ld  co-operate w ith  the C .C .I.T . in  assem bling the vo lum e m entioned  
under ( a )  above, on  the understanding that C .C .I.T . assum e the supervision  and responsib ility  
for  this w ork ;

2. T hat the assem bling in  one volum e o f  the various codes at present in use will be a first step  
tow ards a m ore unified system  o f  service codes ;

3. T hat the adm inistrations should  study the possib ility  o f  eventual un ification  o f  these codes.

R E S O L U T I O N  N o .  19

ID E N T IF IC A T IO N  O F  R A D IO  S T A T IO N S

(S tu d y  G r o u p  N o .  X I I I )
T he C .C .I.R ., (L ond on , 1953)

CONSIDERING :

(a )  T hat the need for  so lu tion  o f  the problem s raised in  Q uestion  N o . 104 (X III) and Study  
P rogram m e N o . 78 (X III) is  rapidly becom in g  m ore acute, m ore w idespread and increasing  
u se  is being  m ade o f  the radio  spectrum , as w ell as greater use o f  m ulti-channel, and. h ig h  
speed  F I  system s, thus resulting in  increased con gestion  in  the radio frequency spectrum , 
particularly below  27 500 kc/s ;
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(b )  T hat on ly  slight progress has been m ade in  the study o f  Q uestion N o . 17 and Study  
P rogram m e N o . 26 ;

( c )  T hat representations have been m ade by the I .F .R .B . to  the C .C .I.R . to  expedite satisfactory  
so lu tion s o f  the problem  posed  in  C .C .I.R . Q uestion  N o . 17 and Study Program m e N o . 26 
to  facilita te  the w ork  o f  m onitorin g  stations and to  further the program  adopted  by the
E .A .R .C ., G eneva, 1 9 5 1 ; . ;

( d )  T hat increased em phasis is desirable in  finding prom pt and satisfactory so lu tion s to  the ques
tio n  o f  “ Identification  o f  R ad io  Stations ” , and particularly that m eans sh ou ld  be foun d  to  
superim pose, or otherw ise transm it the call sign, preceded, w hen appropriate, by a special 
signal * o n  radio transm issions em ploying m ulti-channel and  h igh  speed F I system s ;

r e s o l v e s  :

T hat, in  the m eantim e, and  as a  m atter o f  urgency, adm inistrations sh ou ld  take such m easures 
as w ill ensure transm ission  o f  the ca ll sign preceded w hen  appropriate by a special signal *, in  a 
m anner readily receivable and understandable by m onitoring stations, as frequently as practicable, 
having regard to  the present urgent need to  facilitate in ternational m onitoring and m ore 
particularly to  the furtherance o f  present efforts by adm inistrations, assisted by  the I .F .R .B ., to  
carry out the decision s o f  the E .A .R .C ., in  G eneva, 1951.

* See R ecom m endation N o . 132.
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Questions and Study Programmes 
assigned to Study Group No. I

Q U E S T IO N  N o . 1 (I) *

R E V IS IO N  O F  A T L A N T IC  C IT Y  R E C O M M E N D A T IO N  N o. 4

T he C .C .I.R ., (S tockholm , 1948)

CONSIDERING :

T hat to  give m axim um  effectiveness to  the studies requested by the International R ad io  
C onference o f  A tlan tic  C ity (1947) in  its R ecom m end ation  N o . 4  to  the C .C .I.R . it  is expedien t 
to  rearrange th is recom m endation  and  incorporate the relevant B ucharest questions ;

UNANIMOUSLY RESOLVES :

A . T hat the text o f  A tlan tic  C ity R ecom m end ation  N o . 4  can be rearranged and  extended as 
fo llo w s :

In  respect o f  the various classes o f  em ission  in  use, determ ination o f :

(a )  T he bandw idth strictly necessary to  ensure a service o f  the appropriate quality, practical 
m ethods o f  m easuring the bandw idth actually occu p ied  by each  em ission  ;

(b )  the level o f  radio-frequency harm onics radiated by the stations o f  the different services,

the level to  w h ich  it  is practicable to  reduce such  harm onics,

the m eth ods o f  ach ieving th is result,

the corresponding m ethods o f  m ea su rem en t;

( c)  Study o f  im proved  m eth ods o f  ob ta in in g  frequency stab ility  in  transm itters.

B . T hat the ab ove  questions ** be studied  sim ultaneously  and  w ith  the sam e urgency ;

C. T hat Q uestions N o s . 1, 4, 11, 14, 16 and 17 o f  the C .C .I.R . o f  Bucharest be rem oved from  
the list o f  questions to  be studied  by the C .C .I.R .

AND UNANIMOUSLY DECIDES :

T o carry o n  perm anently the study o f  the above-m en tioned  questions and  to  publish its 
recom m endations and  possib le  revisions as so o n  as practicable.

* Study Programmes Nos. 2 (I), 3 (I), 39 (I) and 40 (I) arise from this Question.
** Concern Questions No. 1 (I), No. 2 (which no longer remains for study) and No. 3 (III). , . .



STUDY PROGRAMME No. 2 (I) *

H A R M O N IC S  A N D  P A R A S IT IC  E M IS S IO N S

(Q uestion  N o . l .b  (I))

T he C .C .I.R ., (G eneva, 1951)

CONSIDERING t

(a ) ,  T hat in  the case o f  w ave propagation  at frequencies w here ionospheric  reflection  plays an  
im portant part, the harm onics m ay propagate differently from  the fundam ental in  different 
directions due to  the w ide difference in  frequencies ; th is effect is in  add ition  to  th at caused  
by the antenna directivity n o t being the sam e for the fundam ental and harm onic frequencies ;

(b )  T hat the harm onics o f  a transm itter provided for o n e  class o f  service m ay interfere w ith
other classes o f  service in  other parts o f  the spectrum  ;

fc )  T hat the relationships betw een fundam ental and harm onic field intensities and betw een
radiated harm onic pow er and harm onic field intensity m easured at a d istance from  the  
transm itter differ m arkedly in  the cases :

—  where both  the fundam ental em ission and the harm onic involve ionospheric propagation ,
—  where on ly  the harm onic involves ionospheric propagation ,
—  w here on ly  the fundam ental em ission  involves ionosp heric  propagation ,
—  where neither the fundam ental em ission  nor the harm onic in vo lves ionospheric  

propagation ;

(d )  T hat a m ore definite evaluation  o f  the effects o f  the lim iting values specified in  A pp. 4 o f  
the R ad io  R egulations, 1947, should  be determ ined ;

(e )  T hat, in  order to  achieve or m aintain  a g o o d  standard o f  practice for transm itters w ith  
respect to  the suppression o f  harm onics, it is essential to have readily app licable m ethods  
o f  specifying and testing equipm ents ;

( f )  T hat, since m any existing h igh  pow er transm itters have a fundam ental to  harm onic pow er  
ratio o f  70 db or greater, it  is desirable to  consider further :

—  the need for revised lim its for harm onic pow er outp ut for  such cases,
—  reduction o f  harm onic radiation from  conductors w ith  non-linear characteristics located  

w ithin  the h igh  intensity fundam ental field o f  the transm itter w h ich  m ight act as 
subsidiary generators ;

(g )  T hat different relationships exist betw een the signal-to-noise  ratios appropriate for the several 
services in  the various frequency bands and interferences caused by harm onic radiations. 
F or exam ple, in view  o f  the susceptib ility o f  television  to  interference, the particular harm onics 
fa lling  w ithin television  channels ** w h ich  are in  use  in  the v icin ity  o f  the interfering station  
are o f  param ount im portance. T he attenuation  o f  these particular harm onics m ay in  som e  
cases need to  be substantially  greater than lim its w h ich m ay be applicable for som e other  
services. O ther services m ay also  have special requirem ents peculiar to  their ow n  needs ;

* This Study Programme arises from Question No. 1 (I).
** Television channels may be set up in certain cases in* the following broadcasting bands :

(Band I, 41 to 68 Mc/s ; II, 87.5 to 100 Mc/s ; III, 174 to 216 Mc/s ; and IV, 470 to 960 Mc/s).
For additional details see the Atlantic City Frequency Allocation Table, Chap. 3, Art. 5 o f the Radio Regulations.
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d e c i d e s  that the fo llow in g  studies shall be carried out :

1. A p p. 4  o f  the R ad io  R egu lations, 1947, should  be re-evaluated, for w hich purpose the various 
adm inistrations sh ou ld  subm it data on  harm onic pow er and field intensity m easurem ents 
to  enable a m ore definite eva lu ation  to  be m ade o f  the relationships betw een them . Such  
evalu ation  should  take in to  account the signal-to-noise  ratio aspects as related to  the  
different services w ith regard to  the harm onic interference problem .

2. T o  secure further data  o n  m ethods o f  m easurem ent o f  harm onic pow er by the substitution  
m eth od  and on  the equipm ent to  be used, particularly w ith  regard to  correctly connecting  
the auxiliary generator to  the antenna feeder.

3. T o  secure further data o n  alternative m ethods o f  m easuring harm onic pow er.

4. Study o f  the elem ents o f  antenna and antenna feeder design useful in  reducing harm onic  
radiations.

5. D eterm ination  o f  the special cond itions w h ich  m ay apply to  certain h igh pow er transm itters 
(for exam ple 100 k W  or greater) w hich in  m any cases at present have a fundam ental to  
harm onic pow er ratio o f  70 db or greater. In  this conn ection  consideration should  be 
given to  radiation from  conductors w ith non-linear characteristics w hich such transm itters 
m ay excite.

S T U D Y  P R O G R A M M E  N o . 3 (I) *

F R E Q U E N C Y  S T A B IL IS A T IO N  O F  T R A N S M IT T E R S

(Q uestion  N o . l .c  (I))

T he C .C .I.R ., (G eneva, 1951)

CONSIDERING :

(a )  T hat Q uestion  N o . l .c  o f  the C .C .I.R , refers to  frequency stability, by w hich is m eant 
constancy o f  frequency ;

(b )  T hat im provem ent in .the u tilisa tion  o f  the radio-frequency bands depends a lso  on  the  
accurate position in g  o f  the m ean frequency, that is, o n  the accuracy o f  the frequency  
determ ining elem ents as d istinct from  their stability ;

(c )  T hat degrees o f  accuracy and stab ility  far in  excess o f  those required by the R a d io  R egulations  
o f  A tlan tic  C ity are availab le, but that such provision  m ay, in  certain cases, conflict w ith  
eco n o m ic  considerations and  design considerations such as w eight and v o lu m e ;

(d )  T hat advancem ents in  technique are being m ade in  ob tain ing h igh  accuracy and stability, 
w h ilst still m eeting eco n o m ic  and  design requirem ents ;

u n a n i m o u s l y  d e c i d e s  that the fo llow in g  study shall be carried o u t :

Study o f  im proved  m eth ods o f  attaining high accuracy and stab ility  o f  the frequency o f  
' radio em issions, consistent w ith  econ om ic  and design requirem ents.

* This Study Programme arises from Question N o. 1 (1).



STUDY PROGRAMME No. 39 (I) *

B A N D W ID T H  O F  E M IS S IO N S

(Q u estio n  N o . l . a  (I) —  R e co m m en d a tio n  N o . 87)

T he C .C .I.R ., (G eneva, 1951 —  L ond on, 1953)

CONSIDERING !

(a )  Q uestion N o . l .a  (I) ;

(b )  T hat R ecom m end ation  N o . 87 w hich contains partial answers to  Q uestion  N o . l .a  w as 
based on  theoretical considerations as well as o n  results o f  m easurem ents m ade under co n 
ditions w h ich do n o t alw ays represent those o f  actual traffic ;

(c )  T hat it  is therefore necessary to  extend the theoretical and the experim ental studies o n  the  
spectra appropriate to  the various classes o f  em ission  ;

(d )  T hat the definition o f  the bandw idth occupied  in  the R a d io  R egu lations o f  A tlantic City 
is such that m easurem ents o f  the bandw idth occupied  are difficult even  at a short distance  
from  the transm itter ;

u n a n i m o u s l y  d e c i d e s  that the fo llow in g  studies sh ou ld  be carried o u t :

C on tin uation  o f  the studies o f  bandw idths and spectra under actual traffic cond itions in  the  
different cases m et w ith  in  practice and for all classes o f  em ission  in  accordance w ith  the fo llow in g  
provisions :

1. T he studies sh ou ld  be carried out sim ultaneously by theoretical and  experim ental m ethods  
and a detailed  com parison should  be m ade o f  the results obtained  by b o th  m ethods.

T he experim ental studies should  m ake use  o f  the m eth ods o f  m easurem ent set o u t in  
R ecom m end ation  N o . 88 as w ell as m ethods o f  m easurem ent in  actual traffic, w hich  m ight 
be develop ed  a long  the lin es o f  Study Program m e N o . 40  (I).

2. T hese studies sh ou ld  be conducted  for the various classes o f  em issions as fo llow s :

2.1 C lass A l ,  A 2  and F I  em issions.
A  sufficiently large num ber o f  m easurem ents o f  spectra and o f  signal shape should  be carried  
out w ith different types o f  transm itters at present in  use.

T he appropriate m eans for lim iting the spectra o f  these transm itters as w ell as o f  new  trans
m itters to  be constructed, should  be studied , w ith the aim , o n  the o n e  hand, o f  determ ining  
the requisite filters, and, on  the other hand, o f  achieving a sufficient linearity o f  the am plifying  
stages or the frequency m odulators.

T he transm itters so  im proved should  be put in  service so  that final conclu sions on  their 
behaviour m ay be established for various operating conditions.

2.2 C lass A 3  emissions.

M easurem ents o f  radiation outside the necessary band sh ou ld  be m ade w ith  transm itters o f  
different types using th is class o f  em ission, and particularly w ith  independent sideband  
transm itters.

T hese m easurem ents should  be m ade w ith  narrow bandw idth  m easuring apparatus such as 
is described in  R ecom m end ation  N o . 88 and the results sh ou ld  be com pared w ith  those  
obtained  w ith  w ideband apparatus, as m entioned  in  R ecom m en d ation  N o . 87, § 2.4.

* This Study Programme replaces Study Programme N o. 17 and arises from Question N o . 1 (I).
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It w ou ld  be usefu l to  o b ta in  these m easurem ents w hen the transm itter is m odulated  by an  
artificial vo ice  or by  w h ite  n o ise  ; these tw o  m odu lation s approxim ately reproducing the  
tw o  practical cases w here th e  transm itter is used  w ithou t a privacy equipm ent or w ith  a 
band-splitting privacy device.

M eth ods for still further reducing out-of-b and radiation  sh ou ld  be investigated .

2.3 O ther classes o f  emission.

C om parable studies sh ou ld  be undertaken for  the other classes o f  em ission  used in  inter
nationa l te lecom m u nications, in  particular for the classes o f  em ission  used  in  the H F  (deca
m etric) band such  as :

—  M ultip lex  em issions o f  various types ;
—  C lass A 4  and  F 4  em issions.

T hese studies sh ou ld  then be extended to  the classes o f  em ission  used in  the V H F  (m etric) 
and U H F  (decim etric) bands.

3. A  new  definition sh ou ld  be sou ght o f  occupied  bandw idth, w hich w ill facilitate bandw idth  
m easurem ents w h ile still perm itting their theoretical determ ination.

T his new  definition sh ou ld  n o t lead, for the classes o f  em ission  already studied, to  results 
very different from  th ose  g iven  by the definition contained  in  the A tlan tic  City R ad io  
R egulations.

In th is co n n ection  con sideration  should  be g iven to  suggestions that the ou t-of-b and  radiation  
m ight be defined :

—  by a fixed m axim um  leve l for  the corresponding com ponents o f  the spectrum  ;
—  by a fixed m axim um  value for  the corresponding radiation per un it o f  bandw idth.

S T U D Y  P R O G R A M M E  N o .  4 0  (I) *

M E T H O D S  O F  M E A S U R IN G  E M IT T E D  S P E C T R A  IN  A C T U A L  T R A F F IC

(Q u e s t io n  N o .  l . a  (I ))

T he C .C .I.R ., (L ond on , 1953)

CONSIDERING :

(a )  T hat it is o f  the h igh est im portance to  be able to  determ ine w ith  accuracy the bandw idth  
occu p ied  and the spectrum  o f  em issions in  actual traffic ;

(b )  T hat the docum entary m ateria l at present availab le does n o t give a fu ll idea o f  the value o f  
the results ob ta ined  in  actual traffic w ith  the apparatus used  for  m easuring the spectrum  
o f  a  period ic  s ig n a l ;

u n a n i m o u s l y  d e c i d e s  that the fo llow in g  study should  be carried o u t :

1. F or  a g iven  type o f  m easuring equipm ent, com parison  o f  the results obtained  o n  period ic  
signals and o n  actual traffic signals o f  com parable characteristics and o f  the sam e telegraph  
speed ;

2. C om p arison  o f  the results obtained  w ith  different m ethods such as th ose  described in  
R ecom m end ation  N o . 88 ;

* This Study Programme arises from  Question N o. 1 (I).
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3. C on tin uation  o f  experim ental and m athem atical studies in  an attem pt to  bring out the 
ph ysica l m eaning o f  the results obtained in  actual traffic, considering various form s o f  energy  
distribution  w ithin  the spectrum , especially those resulting from  the use o f  privacy system s ;

4 . E xam ination  o f  the results obtained  w h en  using the m ethod  1.1 o f  R ecom m end ation  N o . 88 
in cases w here the bandw idth o f  the filter is inadequate to  provide sufficient d iscrim ination  
against adjacent com ponents ;

5. D eterm ination  o f  the degree o f  accuracy obtainab le w ith different m ethods such as those  
described in  R ecom m end ation  N o . 88.

■ Q U E S T I O N  N o .  18 (I)

T E L E G R A P H IC  D IS T O R T IO N

The C .C .I .R ., (S tockh olm , 1948 —  G eneva, 1951)

.. UNANIMOUSLY DECIDES :

T hat it  is advantageous that a jo in t study sh ou ld  be m ade by the C .C .I.T . and the C .C .I.R . 
o f  th e  fo llow in g  question  :

E stab lishm ent o f  a general definition o f  telegraphic d istortion , capable o f  being usefully  
app lied  to  the case o f  radiotelegraphy.

Q U E S T I O N  N o .  2 0  (I) *

F R E Q U E N C Y -S H IF T  K E Y IN G

T he C .C .I .R ., (S tockh olm , 1948 —  Geneva,- 1951)

CONSIDERING :

fa )  T hat frequency-shift keying is em ployed  in  radio-telegraphy on  fixed services and its use  
m ay be extended to  the m obile  services ;

(b )  T hat it is desirable to  standardize the m ain operating characteristics o f  system s em ployin g  
frequency-shift keying ;

(c )  T hat various technical factors influence the choice  o f  operating characteristics in su ch  
system s, in  particular :

1. T he overlap o f  m arking and sp a c in g . signals due to  m ultipath  propagation  (in  this 
' respect a  sm all deviation  is preferable) ;

2. T he possib le  advantage o f  frequency diversity for  reception  (an advantage w hich  
increases w ith d e v ia t io n );

3. T he econ om y o f  bandw idth and the consequ en t necessity for contro lling  the shape  
o f  the transm itted signals ;

‘ 4. Instab ility  o f  frequency, w hich is one reason for the relatively large dev iation  em ployed
in  m any existing equipm ents ;

5. T he choice  o f  receiving system s, w hether w ith  separate filters or w ith  frequency
discrim inator ;

* Study Programme N o. 41 (I) arises from this Question.
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u n a n i m o u s l y  d e c i d e s  that the fo llow in g  question  be studied :

1. F ixa tion  o f  one or m ore standard values o f  deviation for the fixed and m obile  services in 
the various frequency bands, having regard to the various factors, in particular :

(a )  the frequency spectrum  resulting from  the keying operation ,

(b )  the degree o f  frequency diversity desired,

(c )  econ om y o f  bandw idth,

(d )  instab ility  o f  frequencies ;

2. S tandardization  o f  the relative position  o f  the m arking frequency and the spacing frequency  
(is it  desirable to  u tilize  the upper frequency for  m ark and the low er frequency for  space or 
vice versa ?) ;

3. C om p ilation  o f  a standard term inology regarding the characteristics o f  system s em ploying  
frequency-shift keying.

S T U D Y  P R O G R A M M E  N o .  41 (I) *

F R E Q U E N C Y -S H IF T  K E Y IN G

(Q u e s t io n  N o .  2 0  (I)

T he C .C .I.R ., * (G eneva, 1951 —  L ondon, 1953)

CONSIDERING :

(a )  T hat frequency-shift key ing  is em ployed in radiotelegraphy on .the fixed service and its use 
m ay be extended to  the m obile  service ;

(b )  T hat it is desirable to  standardise the m ain operating characteristics o f  system s em ploying  
frequency-shift keying ;

u n a n i m o u s l y  d e c i d e s  that the fo llow in g  study should  be carried out :

1. T he determ ination  in  each  particular case o f  recom m ended values o f  frequency shift f o r . 
em issions using frequencies betw een 2000 and 27 000 kc /s ;

2. T he determ ination in each  particular case o f  recom m ended values o f  frequency sh ift for  
em issions using frequencies below  2000 kc/s.

Q U E S T I O N  N o .  7 4  (I) **

A R R A N G E M E N T  O F  C H A N N E L S  IN  M U L T I-C H A N N E L  
T E L E G R A P H  S Y S T E M S  F O R  L O N G -R A N G E  R A D IO  C IR C U IT S  

O P E R A T IN G  O N  F R E Q U E N C IE S  B E L O W  A B O U T  30 M c/s

T he C .C .I.R ., ' (L ond on , 1953)

CONSIDERING I

(a ) T hat lack  o f  un iform ity in  the arrangem ent and designation  o f  the channels in  m ulti-channel 
telegraph system s for  long-range radio circuits operating on  frequencies below  abou t 30 M c/s  
m ay give rise to  certain difficulties w hen one transm itting station  has to  w ork w ith m ore than  
one receiving station  ;

* This Study Programme replaces Study Programme No. 4 and arises from Question No. 20 (I).
** This Question replaces Question No. 46.
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(b )  T hat m any such system s are in  use besides the m ulti-channel voice-frequency telegraph  
system s referred to  in  Q uestion N o . 43 (III) ;

u n a n i m o u s l y  d e c i d e s  that the fo llow in g  question  should  be studied :

W hat is th e  best w ay o f  arranging and designating the channels in  m ulti-channel telegraph  
system s for long-range radio circuits operating on  frequencies below  abou t 30 M c/s ?

Q U E S T IO N  N o . 75 (I) *

L IM IT A T IO N  O F  U N W A N T E D  R A D IA T IO N  
F R O M  IN D U S T R IA L  IN S T A L L A T IO N S

(Q uestion  N o . 3 (III))

The C .C .I.R ., (L ond on, 1953)

c o n s i d e r i n g  :

(a )  T hat R eso lu tion  N o . 5 annexed to  the International T elecom m u nication  C onvention , B uenos
A ires, 1952, requires the study o f  the influence o f  in ten tional or parasitic oscilla tions o n  radio
services, especially  broadcasting and m obile services, w ith  a view  to  the possib le  establishm ent 
o f  standards perm itting a harm onious co-existence o f  radio services w ith  industrial installations  
producing radio  oscillations ;

(b )  T hat the harm onious co-existence o f  radio services w ith  industrial in sta lla tion s producing  
radio osc illa tions involves c lo se  collaboration  betw een  organizations representing the  
m anufacturers and users o f  these installations o n  the o n e  hand, and the radio  services on  
the other, for  w hich the existing co llaboration  betw een  the C .C .I.R . and  the Special Inter
national C om m ittee on  R ad io  Interference (C .I.S .P .R .) provides ;

(c )  T hat the C .I.S .P .R . has already extensively studied  and continues to  study the perm issible  
signal/interference ratios for sou nd  and te lev ision  broadcasting, but has n o t yet m ade  
equivalent studies for other radio services ;

u n a n i m o u s l y  d e c i d e s  that the fo llow in g  q u estion  should  be studied  :

1. Study o f  the m ost appropriate m eans o f  determ ining the level o f  in ten tional or parasitic
oscillations produced by industrial, scientific or m ed ica l apparatus ;

2. D eterm ination  o f  the level to  w hich it should  be practicable to  reduce such oscillations.

N ote . —  In  th is study the C .C .I.R . should  keep itse lf in form ed o n  the results o f  the studies
o f  the C .I.S .P .R . o n  the sam e subject, in  order to  av o id  duplication  o f  w ork.

* See Question N o. 84 (III).
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Questions and Study Programmes 
assigned to Study Group No. II

Q U E S T IO N  N o . 76 (II) * 

S E N S IT IV IT Y  A N D  N O IS E  F A C T O R

(Stockholm , 1948 —  G eneva, 1951 —  L ond on , 1953)
T he C .C .I.R .,

CONSIDERING :

(a )  T hat R ecom m end ation  N o . 94 gives on ly  lim ited data o n  receiver sensitivity and noise
factor ;

(b )  T hat receiver n o ise  is o f  greater im portance at higher frequencies than  at low er frequencies ;

(c )  T hat, in  the case o f  radio telegraphy receivers :

—  a non-linear relation , due, for  exam ple, to  the use o f  a non-linear detector or discrim inator, 
or a telegraph signal-shaping circuit, m ay exist betw een the depth o f  m odu la tion  o f  that 
signal and the output signal l e v e l ;

—  such non-linearity changes the effect o f  no ise  from  an am plitude variation  in to  a variation  
o f  the duration o f  the telegraph signal elem ents at the ou tp ut o f  the receiver ;

—  the foregoing  considerations m ay m ake it im practicable to  m easure sensitiv ity  in  term s 
o f  the input required to  produce a specified signal/noise ratio at the receiver ou tp ut in  
the conventional w ay ;

(d )  T hat, in  the case o f  te lev ision  receivers (v ision  channel) :

—  the sensitivity m ay b e  determ ined by either :

the electrical ou tp ut v ision  signal level and signal/no ise  ratio , or the visual quality  
o f  the reproduced picture as determ ined by the contrast ratio , brightness level, 
linearity (gam m a) and  im perfection o f  synchron ization  ** ;

—  in  order to  determ ine the reference sensitivity, it is desirable to  adop t certain reference  
values fo r  :

the electrical ou tp ut v ision  signal level, signal/no ise  ratio and bandw idth,

or the corresponding visual param eters, noting  how ever, that certain difficulties 
ex ist at present in  the op tica l determ ination o f  signal/no ise  ratio  in  the reproduced  
picture ;

* This Question replaces Question No. 47.
** Some information on the methods o f test and the results of measurements are given in Ann. V to Recommendation No. 94.
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—  in order to  estim ate the m axim um  usable sensitivity reckoned from  the reference sensitivity, 
a know n, and preferably sim ple relation betw een the input signal level and  the electrical 
or visual output o f  th e ' receiver is desirable ;

—  in  som e cases the m axim um  usable sensitivity m ay be lim ited  by im perfect synchron iz
a tion , and in such cases a sim ple relation betw een the input signal level and the effective
ness o f  synchronization  m ay n ot e x i s t ;

—  different television  system s exist in  various countries ;

u n a n i m o u s l y  d e c i d e s  that the fo llow in g  question  should  be studied :

1. W hat are the representative values for  reference sensitivity and n oise  figure for  the various 
types o f  apparatus used for the reception  o f  different classes o f  em ission  in  the different 
services ? (See R ecom m endation  N o . 94). (F igures should  especially  be obta ined  for  
frequencies greater than 30 M c/s).

2. W hat are appropriate m ethods o f  defining the sensitivity o f  receivers, including the influence  
o f  receiver no ise , for types o f  receivers w h ich  cannot be adequately defined by the m ethods  
given in  R ecom m end ation  N o . 94 (e.g. telegraphy, te levision  or pu lse-code m odu lation  
receivers) ? (A ppropriate figures defining the sensitivity o f  such receivers and the corresponding  
m easuring m ethods should be given).

3. Should  the sensitivity o f  a  telegraphy receiver be defined in  term s o f  the input, m odulated  
in a specified m anner, such that the d istortion  o f  the telegraphy signals at the ou tp ut o f  the  
receiver shall n o t exceed a g iven percentage w ith  a specified probability  o f  its occurrence ? *

4.1 Should  the sensitivity o f  te levision  receivers be defined and m easured in  term s o f :
(a )  the electrical output,
(b )  the visual quality o f  the reproduced picture, i.e. by  optical m ethods ;
(c )  or a com bination  o f  (a )  and (b )  ?

4.2  W hat m odu lation  o f  the test signal and w hat reference values for the output signal level, 
signal/no ise  ratio and bandw idth should  be used  in  electrical m easurem ents, in order to  
derive the reference sensitivity, and w hat are the corresponding param eters in  the case o f  
visual m easurem ents ?

4.3 W hat m ethods can be used to  determ ine the m axim um  usable sensitivity reckoned from  the  
reference sensitivity, in the case o f  non-linear receivers, and those in w hich the sensitivity  
is lim ited  by im perfect synchronization  ?

4.4  T o  w hat extent is it desirable and practicable to  un ify  the m ethods used for defining and  
m easuring the sensitivity o f  v ision  receivers used  in  the various te lev ision  system s ?

Note.  —  T he study detailed in § 3 should  be m ade in  co llaboration  w ith  the C .C .I.T .
F or the study detailed in § 4, the studies carried o u t in th is field by the International E lectro

technical C om m ission  should  be taken into account.

Q U E S T I O N  N o .  7 7  ( I I )

F R E Q U E N C Y  S T A B IL IT Y  O F  R E C E IV E R S

The C .C .I.R ., ' (L ond on , 1953)

CONSIDERING ’.

( a )  That, in  accordance w ith Study Program m e N o . 5, inform ation has been collected  on the  
frequency stab ility  o f  som e receivers and the m eans to  im prove it,' and that th is in form ation  
has been sum m arised in R ecom m end ation  N o . 96 ;

* See Report No. 1 and Question No. 18 (I).
Some information on a method of measurement and the results obtained in the case o f a frequency-shift telegraph receiver 

is given in Doc. No; 119, London.
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(b )  T hat, nevertheless, the study o f  frequency stab ility  should be continued , in  order to  co llect  
m ore data on  a greater num ber o f  receivers and on  a greater num ber o f  types o f  receiver, 
including th o se  not, or insufficiently, considered in R ecom m end ation  N o . 96.

(c )  T hat, in  certain receivers, e .g ., th ose  in w hich the frequency-change oscillators are crystal 
contro lled  or w hich incorporate autom atic  frequency control, the stab ility  o f  the filters m ay  
b e a decid ing factor in  determ ining the overall stability ;

u n a n i m o u s l y  d e c i d e s  that the fo llow in g  questions sh ould  be studied  :

1. W hat is the exten t o f  the im provem ent obtained w ith respect to  the frequency stability o f  
receivers, by the app lication  o f  R ecom m end ation  N o . 96 ?

2. C an the m ethods and results g iven in R ecom m end ation  N o . 96 be extended to  other classes  
o f  receivers, e .g ., te levision , frequency-m odulation, and i f  so , w hat are representative values 
for  the frequency stab ility  o f  these receivers ?

3. W hat m eth ods are m o st effective in  im proving the frequency stability o f  the filters and w hat 
are representative values for  the frequency stab ility  achieved ?

Q U E S T I O N  N o .  7 8  ( I I )

C H O IC E  O F  IN T E R M E D IA T E  F R E Q U E N C Y  A N D  P R O T E C T IO N  A G A IN S T  
U N D E S IR E D  R E S P O N S E S  O F  S U P E R -H E T E R O D Y N E  R E C E IV E R S

T he C .C .I.R ., (L ondon, 1953)

CONSIDERING :

( a )  T hat super-heterodyne receivers m ay respond to  signals o f  frequency other than that to  which  
the receiver is tuned ; '

( b )  T hat the frequencies o f  undesired responses m ay co in cide  w ith the frequencies o f  other  
services, generally operating in  nearby loca lities, thus producing interference ;

(c )  T hat super-heterodyne receivers m ay also  have undesired responses due, for  exam ple, to  
harm onics o f  the signal to  w h ich  the receiver is tuned and w hich are caused  by non-linearity  
in the early stages o f  the receiver ;

(d )  T hat the value chosen  for the interm ediate frequency influences both  the frequencies and the  
am plitudes o f  the undesired responses ;

(e )  T hat technical and  eco n o m ic  reasons lim it the radio-frequency selectivity and  linearity that 
it is possib le  to  provide in broadcast receivers for sou nd and te levision  services, and that 
interference arising from  these lim itations is already appreciable * ;

( f )  T hat other services, e .g . m aritim e m obile, m ay be subject to  interference when operating  
in the v icin ity  o f  pow erfu l transm itters ** ;

( g )  T hat it m ay n o t be practicable, because o f  the need to  use all availab le frequency a llocations, 
to  prevent interference due to  undesired responses in receivers by the prohib ition  o f  trans
m issions o n  the interm ediate or other frequencies ;

( h)  T hat the susceptib ility  o f  receivers to  undesired responses m ay need to  be taken into account  
w hen preparing frequency assignm ent plans for  the various services-;

* The European Broadcasting Union has drawn attention to these pioblenis ; see Doc. Nos. 323 and 324 (London).
** The Comit6 International Radio-Maritime has drawn attention to this problem, see Doc. No. 102, § 6 (London).
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u n a n i m o u s l y  d e c i d e s  that the fo llo w in g  questions sh ou ld  be stud ied  :

1. W hat are the factors that determ ine the frequencies and am plitudes o f  the undesired responses  
o f  receivers and w hat are typical values for receivers o f  the various classes, e .g . sou nd broad
casting, television , m aritim e m obile  ?

2. W hat m ethods, n o t requiring an undue increase in cost, e.g . the choice  o f  the interm ediate  
frequency or other m eans, m ay be em ployed  to  ach ieve a usefu l im provem ent in  the perfor
m ance o f  receivers w ith  regard to  undesired responses, and w hat is the exten t o f  this 
im provem ent ?

Q U E S T I O N  N o .  7 9  ( I I )

T H E  R E S P O N S E S  O F  R A D IO  R E C E IV E R S  T O  Q U A S I-IM P U L S IV E  
IN T E R F E R E N C E

T he C .C .I.R ., (L on d on , 1953)

CONSIDERING :

( a )  T hat m any types o f  interference, e .g ., from  atm ospheric phenom ena, ign ition  system s, m otors  
and  other electrical equipm ent, cannot be considered either as random  n o ise  or sim ple iso la ted  
im pulses, but m ay be regarded as “ quasi-im pulsive ”  ;

(b )  T hat in  m any practical cases th is form  o f  interference sets a lim it to  the usable sensitivity  
o f  receivers ;

(c )  T hat the response o f  receivers to  quasi-im pulsive interference is con d ition ed  by the type  
o f  m odu lation , e .g ., am plitude, frequency or pulse m odu lation , used for  the transm ission  
o f  the desired s ig n a l;

( d )  T hat the significance o f  the response o f  a receiver to  such interference depends on  the type  
o f  signal being transm itted (e.g ., radiotelephony, radiotelegraphy, te le v is io n );

(e )  T hat the peak  am plitude o f  the interference m ay greatly exceed the desired signal am plitude, 
thereby producing non-linear effects in  receivers ;

( f )  T hat adequate m eans for sim ulating quasi-im pulsive interference are desirable in  order that 
the response o f  receivers o f  the various c lasses to  su ch  interference m ay be m easured and  
com pared , particularly under the non-linear cond ition s noted  above ;

(g )  T hat m eans for expressing m athem atically  the essentia l characteristics o f  quasi-im pulsive  
interference m ay be desirable, e .g ., for facilitating theoretical as well as practical studies o f  
the response o f  receivers to  such interference ;

(h)  T hat representative values for  the response o f  receivers o f  the various classes to  quasi- 
im pulsive interference, including the effectiveness o f  any m eans for reducing such  interference  
to  a  m inim um  (e.g., am plitude-lim iters, balancing and  differentiating techniques), are neces
sary for system -planning purposes ;

u n a n i m o u s l y  d e c i d e s  that the fo llo w in g  questions should  be studied :

1. W hat param eters o f  quasi-im pulsive interference are o f  the greatest im portance in  determ ining  
the response o f  receivers o f  the various types to  such interference ?

2 .  W hat are the m ethods o f  m easuring and the m o st usefu l definitions o f  the response o f  receivers 
o f  the various types to  quasi-im pulsive interference, taking in to  accou nt any non-linear  
effects that m ay occur in  practice ?

3. H o w  best can the usable sensitivity o f  receivers be defined w hen  the lim iting  factor is the  
response to  quasi-im pulsive interference ?
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4. T o  w hat exten t can quasi-im pulsive interference be adequately sim ulated, e .g ., by an im pulse  
generator or by a recording and reproducing system , and w hat are the essentia l characteristics 
o f  such a generator ?

5. W hat are the representative values for the response o f  receivers o f  the various types to  
quasi-im pulsive interference, including the effectiveness o f  the various m eans for  reducing  
such interference to  a m inim um  ?

Note.  —  T his Q uestion  sh ou ld  be studied in  c lose  co llaboration  w ith  C .I .S .P .R . * in  order 
to  avoid  duplication  o f  the w ork already being carried ou t by the C .I.S .P .R . o n  sound and te le 
v ision  broadcast receivers. It sh ou ld  also take n ote  o f  the studies being carried o u t by the  
U .R .S .I . in  connection  w ith  atm ospheric interferences.

Q U E S T IO N  N o . 80 (II)

U N D E S IR E D  E M IS S IO N S  F R O M  R E C E IV E R S  

T he C . C . I . R . ,  (L ond on, 1953)

CONSIDERING :

(a )  T hat m any receivers produce undesired em issions due, for exam ple :
—  to  the stray fields o f  the frequency-changing oscillators and interm ediate-frequency  

am plifiers,
—  in  the case o f  te lev ision  receivers, to  the line-scanning oscillators an d  radio-frequency  

oscillators som etim es u sed  in  receiver pow er supplies and for  other purposes ;

(b )  T hat su ch  undesired em issions m ay occur over a w ide range o f  frequencies and produce  
interference in  m any different services ;

(c )  T hat cases o f  such interference are already num erous, e.g. :
—  interference to  aircraft and  m arine V H F  (m etric) com m u nication  services, caused by  

the frequency-change oscilla tors o f  television receivers ;
—  interference to  L F  (kilom etric) and M F  (hectom etric) sou nd  broadcasting and co m 

m un ication  services, caused by the harm onics o f  line-scanning oscilla tors o f  television  
receivers ;

( d )  T hat undesired em issions m ay take p lace from  n o t on ly  the receiver itself, but also from  the  
aerial or external condu ctors associated  w ith  the receiver ;

u n a n i m o u s l y  d e c i d e s  that the fo llow in g  qu estion  sh ou ld  be studied  :

1. W hat are the m o st su itable m eth ods o f  m easuring and expressing the am plitudes o f  undesired  
em issions from  receivers ?

2. W hat are representative values fo r  the am plitudes o f  undesired em issions from  receivers o f  
the various classes, and h o w  do  these am plitudes vary w ith  distance ?

3. W hat m ethods, n o t requiring'an undue increase in  the cost o f  receivers, m ay be used to  achieve  
a usefu l reduction  in  the am plitudes o f  undesired em issions and w hat is the exten t o f  this 
im provem ent ?

N ote .  —  T his qu estion  sh ou ld  be studied in  c lose  co llaboration  w ith  C . I . S . P . R .  *  in  order  
to  avoid  du p lication  o f  the w ork  already carried out by the C . I . S . P . R .  on  sou n d  and television  
broadcasting receivers. It sh ou ld  a lso  take n ote  o f  the studies being carried o u t by the U . R . S . I .  

in con n ection  w ith  atm ospheric interferences.

♦S ee  Recommendation N o . 131.
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S E L E C T IV IT Y  O F  R E C E IV E R S  

T he C .C .I.R ., (G eneva, 1951 —  L ond on , 1953)

CONSIDERING :

(a )  T hat selectivity m easurem ents so far produced have been lim ited  prim arily to  receivers 
su itab le for A l ,  A 2  and A 3 classes o f  em ission , little  in form ation  being availab le for  other  
types o f  receivers (e.g. F I , F2, F 3, pulse m odu lation , te levision , etc.) ;

(b )  T hat such, m easurem ents as are available have been chiefly  m ade by the single signal m ethod, 
little  in form ation  being availab le on  m easurem ents m ade by the tw o signal m ethod  ;

(c )  T hat, in determ ining the selectivity o f  the receiver, that is to  say its ability to  separate the 
desired signal from  undesired signals, there are cases where the determ ination o f  the usual 
selectivity curve (am plitude/frequency characteristic) is in su ffic ien t;

(d )  T hat, if  the am plitude/frequency characteristic is such that the attenuation  slope' in the  
vicin ity o f  the edqes o f  the pass-band is very h igh , then the phase/frequency and  group- 
delay/frequency characteristics w ith in  the pass-band m ay consequently  be non-linear and  
n on -un iform  respectively ; ,

(e )  T hat cases, already num erous, where this is particularly true are those where the signal shape  
is o f  great im portance (e.g. telegraphy, facsim ile, television) ;

u n a n i m o u s l y  d e c i d e s  that the fo llo w in g  studies sh ou ld  be carried out :

1. T he production  o f  inform ation on the single signal selectivity o f  types o f  receivers designed  
to  receive classes o f  em ission  other than A l ,  A 2 , A 3 ;

2. T he produ ction  o f  com plem entary inform ation o n  tw o-sign a l selectivity m easurem ents on  
the various types o f  receivers, including those designed to  receive classes o f  em ission  A l ,  
A 2 , A 3  and other types ;

3. T he developm ent o f  m ethods o f  m easuring the phase/frequency or group-delay/frequency  
characteristics ;

4. T he m easurem ent and presentation, in cases such  as are ind icated  in ( e ) ,  o f  the ph ase/ 
frequency or group-delay/frequency characteristics, in  add ition  to  the am plitude/frequency  
characteristics.

STUDY PROGRAMME No. 42 (II) *

S T U D Y  P R O G R A M M E  N o . 43 (II) **

P R O T E C T IO N  A G A IN S T  K E Y E D  IN T E R F E R IN G  S IG N A L S

T he C .C .I.R ., (G eneva, 1951 —  L ond on , 1953)

CONSIDERING 1

(a )  T hat the reduction o f interference betw een adjacent channels is a very im portant problem , 
the so lu tion  o f  w hich should  be sought w ith  great care by all possib le  m eans ;

(b )  T hat for  keyed telegraph transm issions a partial so lu tio n  has already been reached by  
considering separately :
-T- the transm itter, by reducing the extent and am plitude o f  the spectrum  (R ecom m end ation  

; No. 36.***),

♦ This Study Programme replaces Study Programme N o. 6. It does not refer to any Question under study.
** This Study Programme replaces Study Programme N o . 7. It does not refer to any Question under study.

*** This Recommendation has been replaced by Recom mendation N o. 87.
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—  the receiver, by increasing the selectivity in regular operation  (reduction o f  bandw idth  
and increase o f  slope o n  each  side o f  the pass-band) (R ecom m en d ation  N o . 42 * );  

T hat these m easures are quite effective w hen applied sim ultaneously and have already led  
to  im portant im provem ents, but do n ot fully so lve  the problem  ;

(c )  T hat, in  practice, telegraphic em issions involve, outside the band necessarily occupied , 
com ponents o f  levels in  excess o f  that indicated in R ecom m end ation  N o . 36 ** ; w hile even  
w ith  the round ing o f  the keyed signals at present in use, the spectrum  often  still encroaches 
o n  the necessary band o f  an  adjacent channel, thus preventing full advantage being realized  
from  the h igh  selectivity possib le  in  receivers ;

(d )  T hat, on  the other hand, the envelop e o f  the com ponents o f  the em itted  spectrum  and the  
selectivity curve o f  the receiver obtained in  norm al or non -keyed  operation  are not the only  
factors involved  ;

(e )  T hat, for instance, R ecom m end ation  N o . 36 ** ind icates the lim it-contour w ithin w hich  
the am plitudes o f  the different com ponents sh ou ld  be restricted ; but that the am plitude  
and phase o f  each  ind ividual com ponent can vary in  accordance w ith  the m anner in  which  
the restriction is achieved ; the resulting d istortion  o f  the shape o f  the signal being able thus 
to  vary a lso  ;

( f )  T hat the selectivity curve o f  receivers is n o t perfectly rectangular but there is som e irregularity 
in the pass-band response and a lim ited slope on  the sides o f  the pass-band so that each  
com ponent o f  the signal suffers som e change in  am plitude ; furtherm ore, they suffer a phase  
change, usually  o f  an  indeterm inate am ount, but increasing w ith  increasing slope o f  the  
sides o f  the pass-band. In  recom bining these com ponents the resultant output signa differs 
in  shape from  the inp ut s ig n a l ; this m ay result in am plitude d istortion  effects. Further  
distortion  m ay be caused  by non-linearity in other parts o f  the receiver;

(g )  T hat it is difficult to  calcu late the d istortions m entioned  in (e )  and ( f )  or the total d istortion  
w h ich  results over the com plete  transm ission system  ; in particular, i f  the to ta l d istortion  is 
fixed, that is, i f  the quality o f  the transm ission is fixed at a predeterm ined level, it m ay be  
that the d ivision  o f  d istortion  betw een receiver and transm itter cou ld  m odify  the interference  
produced in adjacent channels ; in  th is case the d iv ision  should  be ch osen  so  as to  produce  
m inim um  interference. T he theoretical optim um  d ivision  m ight o f  course have to  be m odified  
in the ligh t o f  technical difficulties or econ om ic factors (relative costs o f  filter circuits at 
transm itter and receiver, etc.) and o f  propagation  effects ;

u n a n i m o u s l y  d e c i d e s  that the fo llow in g  studies should  be carried out :

1. Interference produced  in  receivers by keyed transm issions having such degrees o f  rounding  
as, for instance, are im plied  in  R ecom m end ation  N o . 36 **, including the investigation  o f  the  
resulting transient effects in  the receiver, w hich are influenced n o t only  by the usual selectivity  
curve (am plitude/frequency characteristic), but also  by the phase/frequency ch aracteristic ;

2. In vestigation  o f  the receiver characteristics w hich w ill add the least possib le d istortion to  
that produced by the round ing o f  the dot at the transm itter, bearing in  m ind that the pass-band  
sh ou ld  be kept as sm all as possib le ;

3. In vestigation  o f  the to ta l perm issible rounding o f  dots from  the transm itter input to  the  
outp ut o f  the receiving apparatus on  a system  basis, in order to  reduce interference to  a 
m inim um  w hile  retaining a m axim um  o f  intellig ib ility , w ith special atten tion  to  the best 
com prom ise o n  the fraction  o f  the rounding to  be assigned to  the effects o f  the transm itter, 
o f  propagation  and  o f  the receiver respectively ;

4. In vestigation  o f  the relative degrees o f  protection  provided by the various classes o f  em ission  
(e.g . A l ,  A 2 , F I )  ;

5. M eth ods o f  m easurem ent m ost su itab le for these investigations.

Note .  —  T hese studies m ay be extended in  the future in  connection  w ith  protection  against
other interfering signals o f  substantia lly  square w ave form  signals, e.g . pu lse-m odulated  signals.

* This Recom mendation has been replaced by Recommendation N o. 95.
** This Recommendation has been replaced by Recommendation N o. 87.
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Questions and Study Programmes 
assigned to Study Group No. Ill

Q U E S T I O N  N o .  3  ( I I I )  *

R E V IS IO N  O F  A T L A N T IC  C IT Y  R E C O M M E N D A T IO N  N o. 4

T he C .C .I.R ., (Stockholm , 1948)

CONSIDERING :

T hat to  give m axim um  effectiveness to  the studies requested by the International R a d io  
C onference o f  A tlantic  City (1947) in its R ecom m end ation  N o . 4  to  the C .C .I.R . it  is expedient 
to  rearrange th is recom m endation and incorporate the; relevant B ucharest questions ;

UNANIMOUSLY DECIDES :

A . T hat the text o f  A tlantic  C ity R ecom m end ation  N o . 4  can be rearranged and extended as  
fo llow s :

(a )  C onsideration o f  the desirable cond itions to  be fulfilled by the com plete  system s em ployed  
by the different services in  order to  determ ine the required technical perform ance o f  the  
equipm ent (including the station  term inal apparatus and the antennae) and o f  the m easuring  
apparatus used to  ascertain whether the equipm ent satisfies the recom m endations o f  .the 
C .C .I.R . ;

(b )  C onsideration o f  the field strength intensity necessary fo r  the reception  o f  different classes 
o f  em ission  in  the different services ;

(c )  C onsideration  o f  the effect o f  frequency stability  o f  transm itters o n  the m in im um  practicable  
spacing betw een stations ;

(d )  C onsideration  o f  the m inim um  practicable spacing betw een the frequencies o f  stations 
operating in  adjacent channels for  different classes o f  em ission  in  the different services ;

B. T hat the above questions ** be studied sim ultaneously  and w ith the sam e urgency ;

C. T hat Q uestions N o s . 1, 4, 11, 14, 16 and  17 o f  the C .C .I.R . o f  B ucharest be rem oved from  
the list o f  questions to  be studied by the C .C .I.R . ;

AND UNANIMOUSLY DECIDES .*

T o carry o n  perm anently the study o f  the above-m en tioned  questions and to  publish its 
recom m endations and possib le  revisions as so o n  as practicable.

* Study Programmes Nos. 45 (III) and 46 (III) refer to this Question. '
** Questions Nos. 1 (I), 2 (no longer under study) and 3 (III) arise from these Questions.
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E F F E C T  O F  IN T E R F E R E N C E  A N D  N O IS E  O N  Q U A L IT Y  O F  S E R V IC E  
IN  T H E  P R E S E N C E  O F  F A D IN G

( Q u e s t i o n  N o .  3  ( I I I ) )

T he C .C .I.R ., ■ (L ondon, 1953)

CONSIDERING :

(a )  T hat a fu ll and  precise answ er cannot yet be given to  Q uestion  N o . 3 ;

(b )  T hat the effect o f  interference and  noise  on  the quality o f  service is one o f  the factors to  be  
determ ined ;

(c )  T hat the percentage o f  tim e for  w hich the signal-to-interference or signal-to-noise  ratios can  
be less than the required value for  stable cond itions, is a factor to  be determ ined for each  
type o f  service ;

(d )  T hat there is an  urgent need  to  determ ine the m inim um  perm issible values for  signal-to-noise  
and signal-to-interference protection  ratios w hich are required for  the various types o f  service 
ind icated in Study Program m e N o . 45 (III) ;

u n a n i m o u s l y  d e c i d e s  that the fo llow in g  studies sh ould  be carried o u t :

E xperim ental determ ination o f  the values o f  m inim um  perm issible ratios o f  hourly m edian  
values o f  field strengths o f  the w anted  signal to  the field strength o f  :

—  unw anted  signal subject to  fading, and w ithout any appreciable no ise  ;
—  steady n o ise  ;
—  steady interference.

Note.  —  T hese studies sh ou ld  be carried o u t in  conjunction  w ith  the tests specified in  
R ecom m end ation  N o . 104, Q uestion  N o . 82 (III), Study Program m e N o . 49 (III) and adm inistra
tions sh ou ld  subm it the results to. the D irector o f  the C .C .I.R . for pu b lication  as early as possib le.

STUDY PROGRAMME No. 44 (III) *

S T U D Y  P R O G R A M M E  N o .  4 5  ( I I I )  * *

B A N D W ID T H S  A N D  S IG N A L -T O -N O IS E  R A T IO S  IN  C O M P L E T E  S Y S T E M S

( Q u e s t i o n  N o .  3  ( I I I ) )

T he C .C .I.R ., (G eneva, 1951 —  L ond on , 1953)

u n a n i m o u s l y  d e c i d e s  that the fo llow in g  studies sh ould  be carried out, possib ly  
w ith  the help  o f  the C .C .I.F . :

1. Minimum conditions required for satisfactory services.

1.1 TELEPHONY

1.1.1 W hat are the m in im um  values o f :

—  bandw idth  ?
—  signal-to-noise  ratio (assum ed to  be stable) necessary at the outp ut o f  the receiver 

for  excellent service ?

* This Study Programme arises from Question N o . 3 (III).
♦♦T his Study Programme replaces Study Programme N o. 8. It arises from Question N o . 3 (III).
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1.1.2 W hat is the value o f  the sam e elem ents at the ou tp ut o f  the receiver for just usable  
service ?

1.1.3 F or w hat m axim um  duration and percentage o f  tim e can the signal-to-noise ratio  
at the output o f  the receiver be inferior to  the value ind icated  by the reply to  the  
question o f  p o in t 1.1.2 above, assum ing unstab le co n d itio n s?

1.1.4 T o  w hat extent can the radiation  outsid e the necessary bandw idth be reduced for  
transm itters n ow  in use ? Can a stricter lim itation  be im posed  on transm itters installed  
in  the future ?

1.1.5 B earing in m ind the replies to  the preceding four questions, and the need for  each  
transm ission to  occupy as narrow a spectrum  as possib le , w hat regu lations sh ould  be 
proposed  to  the A dm inistrative R ad io  C onference concerning :

—  the lim its to  be im posed on the radiated spectrum  o f  existing transm itters ;
—  the lim its to  be im posed  on  the radiated spectrum  o f  future transm itters ;
—  the m inim um  selectivity characteristics to  be provided  for receivers ?

1.1.6 In  the absence o f  interference, w hat m inim um  field (assum ed to  be stable) is necessary  
to  obtain  excellent reception ?

1.1.7 T o  w hat extent and  for  w hat percentage o f  tim e can  the field be less than the value  
referred to  in po in t 1.1.6, the circuit still being regarded as ju st u sa b le?

1.1.8 W hat a llow ance m ust be m ade for fa d in g ?

1.1.9 T o  w hat extent can reception be im proved by the use o f  :

—  directional antennae ?
—  diversity reception ?
—  n o ise  reducers ?

1.1.10 B earing in  m ind the replies to  po in ts 1.1.6, 1.1.7, 1.1.8 and 1.1.9 w hat is the m edian  
field required for just satisfactory reception ? (

Note.  —  A ll the studies advocated above should  be m ade for  a ll classes o f  em ission  and in 
particular for  the classes m entioned below  operating in  the range o f  10 kc/s to  30 000 kc/s.

Telephony, double s ideband , full carrier ( A 3 ) :

L ow  grade  
C om m ercial 
H igh  fidelity

Telephony, single sideband, reduced carrier:

A 3a : single channel (com m ercial)
A 3 b : m ore than  on e  channel (com m ercial)

Broadcasting

1.2 TELEGRAPHY

1.2.1 In  the absence o f  n o ise  and m ultipath  effects, but w ith an inp ut signal varying in  
am plitude betw een specified lim its, w hat is the m in im um  bandw idth necessary at the  
output o f  the receiver in order that the d istortion  w ill n o t exceed a specified am oun t ?

1.2.2 F or the bandw idths determ ined in  p o in t 1.2.1 above, w hat are the m inim um  signal- 
to -noise  ratios (assum ed to  be stable) necessary at the output o f  the receiver for error 
free reception ?

1.2.3 F or w hat m inim um  duration and percentage o f  tim e can the signal-to -noise  ratios 
be inferior to  those specified in p o in t 1.2.2 for the circuits still to  be just u sa b le?
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1.2.4 T o w hat exten t can the radiation  outside the necessary bandw idth be reduced for  
transm itters n ow  in  use  ? C an a stricter lim itation  be im posed  o n  transm itters installed  
in  the future ?

1.2.5 B earing in  m ind  the replies to the preceding four questions, and the need for each  
transm ission  to  occupy as narrow a spectrum  as possib le , w hat regulations should  be  
proposed  to  the A dm inistrative R ad io  C onference concerning :

—  the lim its to  be im posed  on  the radiated spectrum  o f  existing transm itters, •
—  the lim its to  be im posed  on the radiated spectrum  o f  future transm itters,
—  the m inim um  selectivity characteristics to  be provided for receivers.

1.2 .6  In  the absence o f  interference, w hat m inim um  field (assum ed to  be stable) is necessary  
to  obtain  error free reception  ?

1.2.7 T o  w hat extent and for w hat percentage o f  tim e can  the field be less than the value
referred to  in  1.2.6, the circuit still being regarded as just u sa b le?

1.2.8 W hat a llow ance m ust be m ade fo r :

—  fading ?
—  m ultipath  effects ?

1.2.9 T o w hat exten t can  reception  be im proved by the use o f :

—  directional antennas ?
—  diversity reception ?

1.2.10 B earing in  m ind the replies to  po in ts 1.2.6, 1.2.7, 1.2.8 and 1.2.9 w hat is the m edian  
field required for just satisfactory reception ?

, Note.  —  A ll the studies advocated  above should  be m ade for all classes o f  em ission  and in 
particular for  the classes m entioned  below  operating in  the range o f  10 k c/s to  30 000 kc/s.

Telegraphy A l

H and speed 8 bauds
2433 33 33

M achine speed 50 „
„ 120 „

Telegraphy A 2

H and speed 8 bauds
24 „

M achine speed 50 ,,„ 120 „
Telegraphy FI

Speed 50 bauds
120 „

Facsimile A 4  

Hellschreiher  

M u lti tone  Telegraphy

2. Separation between frequencies of adjacent channels (telegraphy and telephony).

2.1 W hat are the different factors to  be taken into  account in  determ ining the m inim um  separation  
betw een frequencies o f  sta tion s operating in  adjacent channels ?

2 .2* H o w  is the effect o f  in terference a t the receiver output to  be expressed ?

* See N ote 2, p. 306.
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2.2.1 Som e o f  the factors w hich sh ou ld  be taken in to  accou n t are :

—  the p ossib ility  that the effect o f  peaks o f  interference m ay in vo lve  the u se  o f  a 
factor based on experience as a  correction  to  the signal-to-interference pow er  
ratio ;

—  the fact that som e types o f  interference oc9ur as d iscrete elem ents in  narrow  bands  
o f  frequency w ithin  the radio spectrum  ; .

—  the fact that specific parts o f  the aud io  frequency spectrum  are m ore su scep tib le
to  interference ;

—  that it m ay be necessary to  m ake a d istin ction  betw een  “ intellig ib le interference ”  
and “ unintellig ib le interference ” .

N evertheless, in the case o f  te leph ony, the effect o f  interference m ay be expressed , 
as a first approxim ation, as the ratio o f  signal to  interference pow ers as in the case  
o f  noise.

2 .2 .2  In  the case  o f  m achine telegraphy the effect o f  interference can be expressed as either :

—  the percentage o f  faulty  telegraph characters, or
—  the percentage o f  signal elem ents w h ich  suffer d istortion  in excess o f  a g iven  value.

T he effect o f  interference can be m easured in  term s o f  the ratio  (in db) by w h ich  the  
w anted signal in  the presence o f  interference sh o u ld  be increased to  ob ta in  the sam e  
quality o f  service.

2 .2 .3  In  the case o f  te leph ony the effect o f  interference can be expressed as e ither :

—  the percentage lo ss o f  in tellig ib ility  o f  related  w ords, or
—  the percentage lo ss  o f  in tellig ib ility  o f  unrelated  words.

T he effect o f  interference can be m easured in  term s o f  the ratio (in  db) by w hich  the  
w anted signal in  the presence o f  interference sh ou ld  be increased to  ob ta in  the sam e  
quality o f  service.

2 .2 .4  A ll the forego in g  m ethods o f  expression  can  be used for assessing the effects o f  n o ise , 
fading and  adjacent channel interference.

2.3 W hen the w anted  signal and the interference are b o th  stab le, w hat is the m inim um  signal-  
to-interference ratio for excellent reception  ?

2.4  T o  w hat extent, for  g iven values o f  the percentage o f  tim e o f  occurrence, can  th e  signal- 
to-interference ratio be low er than that m en tion ed  in  2.3 for  the circuit still to  be usab le  ?

2.5  H o w  is  the signal-to-interference ratio at the receiver ou tp ut affected by the selectiv ity  o f  the  
receiver and the separation  betw een the frequency o f  the interfering signal and  the frequency  
to  w hich the receiver is tuned ?

2 .6  H o w  sh ould  the instab ility  o f  transm itter and  receivers be expressed and a llow ed  for  in  
determ ining the channel separation ?

2 .7  T o  w hat exten t w ou ld  the use o f  d irectional antennae at the transm itter and  the receiver  
im prove the signal-to-interference ratio ?

2.8 B earing in m ind the replies to  the questions in  the preced ing seven paragraphs and  th o se  
in  p o in ts 1.1.1 to  1.2.10, w hat is the m inim um  separation  required betw een the freq uencies  
o f  stations operating in  adjacent channels ?

✓
N o te s :

1. A ll the studies advocated  above sh ou ld  be m ade for  a ll the types o f  service m en tion ed  
in  the com m ents fo llow in g  poin ts 1.1.10 and  1.2.10.

2. T he factors enum erated above are equally  relevant to  the study o f  co -ch an n el an d  
adjacent-ehannel interference.
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V O IC E  F R E Q U E N C Y  TE LE G R APH Y  O N  R A D IO  C IR C U IT S

(S tudy  G ro u p  N o . I l l )

(G eneva, 1951)

T he V lth  P lenary A ssem bly  o f  the C .C .I.T ., Brussels (M ay, 1948), subm itted  the fo llow in g  
q u estion  for  study by  th e  C .C .I.R . :

W hat are the co n d itio n s w h ich  sh ould  be im posed  on  V .F . telegraph plant em p lo y in g  
dou ble  current technique used  o n  m odulated  radio transm ission channels ?

N ote .  —  T o  be stu d ied  in  co llaboration  w ith  the International T elegraph C onsu ltative  
C om m ittee  (C .C .I.T . Study G roup N o . I I : E stab lishm ent, operation  and  m aintenance o f  telegraph  
channels).

QUESTION No. 43 (III) * ■'

. S T U D Y  P R O G R A M M E  N o . 4 6  ( I I I ) * *

V O IC E F R E Q U E N C Y  TE LE G R A PH Y  O N  R A D IO  C IR CU IT S

(Q uestion  N o . 4 3  (III))

T he C .C .I.R ., (G eneva, 1951 —  L ondon, 1953)

CONSIDERING :

(a )  T hat different m eth od s are n o w  in  use for vo ice  frequency telegraphy o n  radio circuits subject 
to  fading :
—  either usin g  equ ip m ent norm ally  designed for  land  line w orking and  suitably adapted  

for radio  ;
-— or using equ ip m ent especially  designed for  radio w orking ;

(See D o c s . N o s . 29 , 195 o f  G eneva, and 5, 205, 273 o f  L o n d on ) ;

( b)  T hat studies carried o u t so  far sh ow  that it is im possib le  to  com pare transm ission  system s  
in  w h ich  m arking and  spacing are obta ined  by the tw o  to n e  m eth od  and by the m eth od  o f  
frequency-shift key ing  o f  a  single oscillator w ithou t tak ing in to  accou nt a ll the factors o f  
the equipm ent (see m ore particularly D o c . N o . 273 L ond on) ;

( c )  T hat the study o f  Q uestion  N o . 43 (III) is to be continued  in  conjun ction  w ith  the C .C .I.T . 
to  ob tain , i f  possib le , un ification  o f  at least som e o f  the co m p on en t elem ents o f  voice-fre
quency equipm ent used  o n  wire and  radio ;

u n a n i m o u s l y  d e c i d e s  that the fo llow in g  study sh ou ld  be carried o u t :

C om parison  o f  the different system s used to transm it voice-frequency telegraphy on  radio  
circuits subject to  the effects o f  fading, particularly o f  the tw o m eth ods :

—  frequency-shift key ing  o f  on e  oscillator ;
—  transm itting m ark and  space by the tw o-ton e m eth od  ;

tak in g  in to  accou n t a ll the factors o f  the equipm ent.

* Study Programme N o. 46 (III) arises from this Question.
** This Study Programme replaces Study Programme N o. 9. It arises from Question N o. 43 (III).
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Note .  —  In  carrying out these studies it w ill be necessary to  take in to  accou n t the fact that 
the fad ing encountered o n  radio circu its affects m arkedly the build -up o f  the signal elem ents  
in the receiving filters. T his determ ines the necessary bandw idth  and it sh ou ld  be borne in  m ind  
that the availab le  bandw idth  is restricted by the use o f  equ ip m ent standardized for wire circuits.

Q U E S T IO N  N o . 44 (III)  *

C O M M U N IC A T IO N  T H E O R Y

(G en eva , 1951)

A t its V th  S ession  (G eneva, Septem ber 1950) the A d m in istrative  C ou ncil o f  the I .T .U . 
subm itted  the fo llo w in g  qu estion  for study by the C .C .I.R . :

W hat technical m ethods m ay be adopted to  transm it a given vo lum e o f  in form ation  over  
a given te lecom m u nication  circuit :

(a )  in  a  g iven tim e, using a m inim um  bandw idth ;

(b )  w ith a g iven  bandw idth , in  a m inim um  tim e?

S T U D Y  P R O G R A M M E  N o . 47 (III) **

C O M M U N IC A T IO N  T H E O R Y

(Q uestion  N o . 44 (III))

The C .C .I.R ., (G eneva, 1951 —  L on d on , 1953)

CONSIDERING :

(a )  T hat in  view  o f  the increasing congestion  o f  the radio  spectrum  and telecom m u nication  
circuits, it w ou ld  be advantageous to  discover technical m eth ods o f  decreasing the bandw idth , 
the transm ission  tim e o f  a  g iven quantity o f  in form ation , or the transm itted  pow er ;

(b )  T hat present studies seek m ainly to  perfect established system s w hereas recent theories seem  
to  sh ow  that these system s occu py several tim es the bandw idth  strictly necessary for the  
transm ission ot the required in form ation  at the required speed  ;

(c )  That even w ith  ex istin g  system s, it is n o t possib le  to  reduce the bandw idth  to  that strictly  
necessary because o f  unpredictable noise, natural and  m an-m ade interference, and com plex  
propagation  con d ition s ; a  m argin o f  bandw idth is necessary to  decrease d istortion  and the  
frequency o f  errors due to  these phenom ena ;

(d )  T hat it is n o t certain that ex istin g  codes, at least som e o f  w h ich  w ere n o t designed in  the light 
o f  phen om en a peculiar to  rad io  propagation , are m aking  the b est use o f  the occupied  
bandw idth ;

* Study Programme N o. 47 (III) arises from this Question.
** This Study Programme replaces Study Programme N o. 10. It arises from Question N o . 44 (III).



(e )  T hat a system atic  study o f  m eth ods such as referred to  in  § (a )  can be m ade by generalizing  
the procedures in  use for certain transm ission system s or by applying the results o f  the general 
theory o f  com m u nication  to  specific practical cases ;

( f )  T hat the Secretariat o f  C .C .I.R . has assem bled and published an indexed bib liography on  
pu b lica tion s regarding the theory and general practice o f  com m unications, as well as d o cu 
m en tation  on  the characteristics o f  the various system s o f  m odu lation  and transm ission in  
practical use  ;

(g )  T hat R ecom m en d ation  N o . 7 o f  the X th  G eneral A ssem bly o f U .R .S .I . (Sydney, 1952) 
con ta in s the fo llo w in g  defin ition  o f  the unit o f  quantity o f  inform ation :

“ T he unit o f  quantity o f  in form ation  corresponds to  a ‘ m essage unit ’ consisting  
o f  a random  choice  betw een tw o equally  probable s ig n a ls”  *.

u n a n i m o u s l y  d e c i d e s  that the fo llo w in g  studies sh ou ld  be carried out :

1. T he d issem in ation  by the Secretariat o f  the C .C .I.R . o f  period ic  supplem ents to  the b ib lio 
graphy and  docum entation  already published and referred to  in  ( f )  above.

2. T he study, in conjun ction  w ith  U .R .S .I ., o f  the su itab ility  in  practice o f  the unit o f  quantity, 
o f  in form ation  as defined in  consideration  (g )  above , and the study o f  m ethods o f  m easuring  
th is quantity.

3 . T he review  o f  the various codes in  use and the study o f  new  codes lead ing to  econ om y o f  
bandw idth  or transm ission  tim e for  a given  quantity o f  inform ation , taking in to  accou nt the  
ph en om en a  peculiar to  radio p ropagation , and, am ong other things, the com parison o f  the  
v ar iou s ex istin g  system s o f  m o d u la tion , from  the po in t o f  v iew  o f  the bandw idth  occupied  
versu s the am ount o f  in form ation  transm itted in a given tim e, for a given pow er **.

Q U E S T IO N  N o . 81 (III) ***

D IR E C T IV IT Y  O F  A N T E N N A E  A T G R E A T  D IS T A N C E S

(S tockh olm , 1948 —  G eneva, 1951 —  L ond on, 1953)
T he C .C .I.R .,

d e c i d e s  to  study the fo llow in g  question  :

E xperim ental study, by adm inistrations and various organizations, o f  the directivity o f  
antennae realized at great distances (taking full advantage o f  existing transm issions) by any  
su itab le m eth od , for exam ple, by use o f  m echanically  or e lectrically  steered antennae.

* This unit may be designated by the word “ Bit ” .
** Relative to this study, it is useful to consider, in the case of radiotelephony, the determination of the relation between 

intelligibility and the shape and width of the pass-band of the receiver for signal-to-noise ratios, consistent w ith :
— just usable quality, operator to operator,
—■ marginally commercial quality,
— good commercial quality, 

taking into account that :
1. In many cases the noise power is distributed uniformly over the audio frequency spectrum, while speech power is distributed 

unevenly in this spectrum.
2. When high noise levels are present in a communication system, and the signal-to-noise ratio is constant, the intelligibility 

might show a maximum as a function of the bandwidth and the distribution of the power corresponding to the frequencies 
it contains. This distribution of the power may vary with fading.

*** This Question replaces Question N o . 48. Study Programme N o. 48 (III) arises from this Question.
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IM P R O V E M E N T  O B TA IN A B LE F R O M  T H E  U SE  
O F D IR E C T IO N A L  A N T E N N A E

(R ec o m m e n d a tio n  N o . 46 ** —  Q u estio n  N o . 48 **■* —  S tudy  P ro g ram m e N o . 8 ****) 

The C.C.I.R., (London, 1953)

CONSIDERING :

T hat the study ind icated in  Study Program m e N o . 8 **** requires the kn ow led ge o f  values  
for the im provem ent o f  the signal-to-noise  ratio  as w ell as the signal-to-interference ratio  
that can be obtained by the use o f  directional antennae on  lo n g  distance circuits ;

That R ecom m endation  N o . 4 6 * *  recom m ends that studies be m ade o f  the directivity o f  
antennae at great d istances, m aking use of, for exam ple, the m eth od  prop osed  by D o c . N o . 23 
o f  G eneva ;

(c )  T hat a study o f  the gain  and  discrim ination o f  various types o f  antenna is necessary before  
; it  is possib le  to  determ ine the m inim um  gain and discrim ination  that sh ou ld  be specified ;

( d )  That to  obtain  the best results, it  w ou ld  be desirable to  ind icate  to  adm inistrations the  
values o f  param eters (frequencies, differences o f  azim uth and path  length) for w h ich  data  
w ou ld  be the m ost u s e fu l ;

u n a n i m o u s l y  d e c i d e s  that the fo llow in g  studies sh ou ld  be carried o u t :

1. D eterm ination  o f  the :

—  average signal pow er gain  provided by practical directive antennae relative to  a h a lf
w ave horizontal d ip ole  at the sam e h e ig h t ;

—  average signal-to-noise  gain relative to  a half-w ave horizon ta l d ip ole  at the Same height.

T he tests should  be m ade using em issions from  a distant transm itter, w ith  transm itting and  
receiving antennae w hich have optim um  practicable vertical directivity.

2. D eterm ination  o f  the signal-to-interference protection  afforded in  practice by directional 
antennae, a t azim uths relative to  the m ain  lobe, o f  ab ou t 10°, 15°, 20°, 30°, 45°, 60°, 90°, 
135° and 180°.

Note.  —  It is desirable that the tests referred to  above be m ade u sin g  the fo llo w in g  nom inal 
param eters :

—  frequencies in  the neighb ourhood  o f  5, 1 , 9 ,  12, 15, 19 and 23 M c/s, w ith  particular atten tion  
to  the protection  afforded at the optim um  frequency and at the lim its o f  th e  frequency range  
o f  the antennae ;

—  path  lengths o f  approxim ately  2000 or 4000, or  >  6000 or >  18 000  km .

STUDY PROGRAMME No. 48 (III) *

* This' Study, Programme arises from Question No. 81 (III).
** This Recommendation has become Recommendation No. 102.

*** This Question has become Question No. 81 (III).
**** j j j j j  study Programme has become Study Programme No. 45 (III).

(a )

' ( b )



— 311 —

IN T E R F E R E N C E  E F F E C T S  O F  A T M O S P H E R IC  N O IS E  
O N  R A D IO  R E C E P T IO N

T he C .C .I.R ., (L ondon, 1953)

CONSIDERING : .

( a )  T hat the results o f  m easurem ents o f  atm ospheric radio n o ise  show  the intensity o f  noise  
in  a given experim ental equipm ent and that it is necessary to  transform  these results in  order 
to  ascertain to  w hat extent the n o ise  affects various services and various types o f  receiving  
equipm ent used  ;

( b )  T hat the r.m .s. value o f  a tm ospheric noise  intensity, averaged over a period  o f  several m inutes, 
is n o t entirely adequate for  the determ ination o f  the effect o n  radio reception  ;

u n a n i m o u s l y  d e c i d e s  that the fo llow in g  question should  be studied :

D eterm ination  o f  the interfering effects o f  atm ospheric n o ise  on  reception , as a function  
o f  the w ave form  and the am plitude d istribution o f  instantaneous values o f  atm ospheric noise  over  
a period o f  several m inutes.

QUESTION No. 82 (III) *

S T U D Y  P R O G R A M M E  N o .  4 9  ( I I I ) * *

IN T E R F E R E N C E  E F F E C T S  O F  A T M O S P H E R IC  N O IS E  
O N  R A D IO  R E C E P T IO N

• Q u e s t io n  N o .  82  (II I ))

T he C .C .I.R ., (L ondon, 1953)

c o n s i d e r i n g  :

(a )  T hat the C .C .I.R . curves g iv ing seasonal m edian values o f  r.m .s. field intensity in a 1 kc/s  
bandw idth o f  atm ospheric n o ise  averaged over a period o f  a few  m inutes are expected  to  
be prepared during th e  interval betw een the V llth  and V U Ith  Plenary A ssem blies ;

(b )  T hat the w ave-form  and am plitude d istribution o f  instantaneous values o f  atm ospheric  
noise  over a period  o f  a  few  m inutes m ust also  be considered in determ ining the effects o f  
n oise  on  various classes o f  service ;

( c )  T hat, w h ile aw aiting the results o f  studies being carried o u t by scientific research organizations, 
it w ill be usefu l to  have experim ental data o n  the poin ts referred to  in  § ( b )  above ;

u n a n i m o u s l y  d e c i d e s  that the fo llow in g  studies sh ould  be carried o u t :

E xperim ental studies o n  the in fluence o f  atm ospheric radio  n o ise  on  the general operation  
o f  radio com m u n ication  and in  particular receiving equipm ent, bearing in  m ind the intended  
revision  o f  existing docum ents relating to  this problem .

T hese studies sh ou ld  be particularly concerned w ith the fo llo w in g  service applications :

* Study Programme N o . 49 (III) arises from  this Question.
** This Study Programme arises from Question N o. 82 (III).
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A . Aural services :

—  A l T elegraphy (24 bauds) ;
— A 2  T elegraphy m odulated at 1000 c /s (24 bauds) ;
—  A 3 D o u b le  sideband full carrier com m ercial telephony ;
—  A3 H igh  fidelity double sideband fu ll carrier com m ercial telephony ;
—  A 3 Com m ercial telephony w ith reduced carrier, and having independent sidebands

(from  1 to  4 telephone channels) ;
—  A 3 Broadcasting.

B. Telegraph services w ith autom atic recording (undulator or m achine telegraphy) w ith or 
w ithout autom atic repetition :

—  A l  T elegraphy (120 to  180 b a u d s ) ;
—  A 2  Telegraphy, m odulated  at 1000 c /s  (120 b a u d s );
—  F I Frequency-shift telegraphy (120 to  480  bauds) ;

C. Other services :

—  Facsim ile ;
—  H ellschreiber ;
—  V oice-frequency telegraphy.

T hese studies should  a lso  be concerned w ith  the fo llow in g  characteristics o f  receiving equip
m ent and the results should  be subm itted in the form  o f  tables or nom ogram s m aking it possib le
for each  particular case to  be considered, viz :

—  A ntenna ;
—  B andw idth o f  R F , IF  and A F  stages ;
—  T im e constant o f  autom atic gain contro l ;
—  M ethod o f  detection.

Q U E S T IO N  N o . 83 (III)  *

T H E  U S E  O F  R A D IO  C IR C U IT S  IN  A S S O C IA T IO N  
W IT H  5 -U N IT  S T A R T -S T O P  T E L E G R A P H  A P P A R A T U S

T he C .C .I.R ., (G eneva, 1951 —  L ond on , 1953)

CONSIDERING :

(a )  T hat Art. 34, § 3 o f  the Telegraph R egu lations (Paris R ev ision , 1949) recom m ends, except 
in special circum stances, the use o f  a 5-unit code  in accordance w ith International Telegraph  
A lphabet N o . 2, this being in the interest o f  speed and efficiency in the m ovem ent o f  telegraph  
traffic and  furthering the developm ent o f  a w orld-w ide telecom m u nication  netw ork  ;

(b )  T hat it is therefore essential to  be able to  interconnect term inal start-stop apparatus em ploying  
International Telegraph A lphabet N o . 2 by m eans o f  radio telegraph circuits ;

(c )  T hat radio telegraph circuits are required to  operate under varying cond itions o f  radio
propagation , atm ospheric noise and interference that introduce varying degrees o f  distortion

- w hich m ay at tim es exceed the m argin o f  the receiving apparatus ;

( d )  T hat, in consequence, the transm ission o f  5-unit cod e  signals over radio circuits is liable
to  errors and that such errors are n ot autom atically  detectable by the receiving apparatus ;

* This Question replaces Question N o. 19. Study Programme N o. 50 (III) arises from this Question.
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(e )  T hat various m eans are availab le by w hich the num ber o f  errors resulting from  transm ission  
difficulties over the radio circuit m ay be reduced, such as by the use o f  synchronous 5 unit 
system s, error detecting and /or correcting codes, and special signalling arrangem ents ;

u n a n i m o u s l y  d e c i d e s  that the fo llow in g  question should  be studied :

1. T he effects o f  varying cond itions o f  propagation  (including m ulti-path propagation), 
atm ospheric no ise  and interference on radiotelegraph circuits used to  interconnect term inal 
apparatus em ploy in g  the International Telegraph A lphabet N o . 2 ;

2. T he signal d istortion  and error rate that m ay be expected having regard to  signal/noise  ratio, 
propagation  effects, type o f  transm ission etc. ;

3. T he use o n  the radio circuits o f  special types o f  transm ission  and the possib le ad op tion  o f  
codes other than the 5-un it cod e  ;

4. I f  other cod es or special types o f  transm ission are recom m ended, the equipm ent that should  
be used at the term inals o f  radio circuits to  perm it their interconnection w ith wire circuits 
using the International Telegraph A lphabet N o . 2.

S T U D Y  P R O G R A M M E  N o .  50  (II I )  *

T H E  U S E  O F  R A D I O  C I R C U I T S  I N  A S S O C I A T I O N  

W I T H  5 - U N I T  S T A R T -S T O P  T E L E G R A P H  A P P A R A T U S

(Q u e s t io n  N o .  83 (II I)

T he C .C .I .R ., (G eneva, 1951 —  L ond on , 1953)

u n a n i m o u s l y  d e c i d e s  that the fo llow in g  studies sh ou ld  be carried o u t :

1. T he com parison  o f  the effects o f  varying radio propagation  cond itions, atm ospheric noise  
and other interference, up on  circuits em ploying :

—  5-unit start-stop system s,
—  5-unit synchronous system s,
—  synchronous error-detecting or error-correcting system s using tw o-con d ition  signalling  

codes other than International A lphabet N o . 2,
—  other system s using m ore than tw o signalling cond itions ;

2. A n  assessm ent o f  the relative m erits o f  system s that sam ple at critical instants the envelope  
o f  the im pulses form in g  the character and o f  system s that integrate this envelope ;

3. T he com parison  o f  system s should  be m ade in term s o f  the ratio o f  the undetected , or un
corrected, error rates achieved by the system s to  the error rate o f  a 5-unit synchronous  
system  using the sam e pow er and signalling speed, in w ords per m inute, and operating under 
the sam e cond itions. A  5-unit start-stop system  m ay also be used as the reference system  
by regarding each m utilated  signal as one error only. It is provisionally  suggested that the  
ratio o f  the error rates sh ou ld  be expressed for tw o circuit cond itions only, nam ely, when  
the im proved  system  is subject to  an average o f  one undetected , or uncorrected, error per 
10 000 characters, and w hen  it is subject to  one such error per 1000 characters.

* This Study Programme replaces Study Programme N o. 27. It arises from Question N o. 83 (III).
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D E T E R M IN A T IO N  O F  T H E  M A X IM U M  IN T E R F E R E N C E  L E V E L S  
T O L E R A B L E  IN  C O M P L E T E  S Y S T E M S

(Q uestion  N o . 3 (III))

T he C .C .I.R ., (L ondon, 1953)

CONSIDERING :

(a )  T hat R eso lu tion  N o . 5 annexed to  the International T elecom m u nication  C onvention , B uenos  
A ires, 1952, requires the study o f  the influence o f  in tentional or parasitic oscilla tions on  
radio services, especially  broadcasting and m obile  services, w ith  a v iew  to  the possib le  
establishm ent o f  standards perm itting a harm onious co-ex istence o f  radio services with  
industrial insta llations producing radio oscillations ; -

(b )  T hat the harm onious co-existence o f  radio services w ith industrial insta llations producing  
radio oscilla tions involves c lose  collaboration  betw een organizations representing the m anu
facturers and  users o f  these installations on  the one hand, and the radio services o n  the other, 
for w hich the existing co llaboration  between the C .C .I.R . and the Special International 
C om m ittee o n  R ad io  Interference (C .I.S .P .R .) provides ;

(c )  T hat the C .I.S .P .R . has already extensively studied and continues to  study the perm issible  
signal/interference ratios for sound and te lev ision  broadcasting, but has n o t yet m ade  
equivalen t studies for other radio services ;

u n a n i m o u s l y  d e c i d e s  that the fo llow in g  question  sh ou ld  be studied :

D eterm ination  o f  the m axim um  level o f  interference caused by radiations from  industrial, 
scientific and  m edical equipm ent producing radio oscilla tions, that can be tolerated in  
various frequency ranges by the types o f  system  em ployed  by radio  services especially  by 
the m obile  services.

N ote .  —  In  this study the C .C .I.R . should keep itse lf in form ed o n  the results o f  the studies
o f  the C .I.S .P .R . on the sam e subject, in order to  avoid  du plication  o f  work.

QUESTION No. 84 (III) *

* See Question N o . 75 (I).



Questions and Study Programmes 
assigned to Study Group No. IV

Q U E S T I O N  N o .  6 (IV ) *

G R O U N D  W AVE PR O P A G A T IO N

T he C .C .I.R ., (S tockholm , 1948 —  G eneva, 1951)

CONSIDERING :

T he continu in g  im portance o f  the effect o f  the characteristics o f  the earth o n  the propagation  
o f  w aves used for  all types o f  radio com m unication  and loca tion , including directional transm ission  
and direction  finding ;

u n a n i m o u s l y  d e c i d e s  that the fo llow in g  question  be studied  :

Ground Wave Propagation

T hat the 1938 C .C .I.R . curves o f  ground w ave propagation  be revised and  extended to  cover  
the w h ole  o f  the radio  frequency spectrum  n ow  in  practical use, giv ing particular atten tion  to  :

1. T ransm ission  over m ixed  paths, e.g . partly over land and partly over sea ;

2. T he effect o f  h ills and other obstacles in  diffracting the w aves in  either the horizontal or 
vertical p lane ;

3 . T he siting o f  aerials for very high frequencies ; ^

4. T he relative effects obta ined  w ith  horizontal and vertical polarization  ;

5 . T he variations in  ph ase o f  radio w aves in  transm ission over the ground betw een tw o points.

S T U D Y  P R O G R A M M E  N o .  51 (IV ) **

EFFE C T S O F T R O P O S P H E R IC  R E FR A C T IO N  
O N  FR E Q U E N C IE S BE L O W  10 M c/s

(Q u e s t io n  N o .  6 (IV ))

T he C .C .I .R ., (G eneva, 1951 —  L ond on , 1953)

CONSIDERING :

( a )  T hat the ground-w ave propagation  curves for frequencies below  10 M c/s subm itted w ith  
R ecom m en d ation  N o . 52, m ake no  a llow ance for norm al tropospheric refraction ;

* Study Programmes N os. 51 (IV), 52 (IV), 53 (IV) and 54 (IV) arise from this Question.
** This Study Programme replace Study Programme N o. 11. It arises from Question N o . 6 (IV).
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(b )  T hat a llow ance is som etim es m ade for norm al refraction by the assum ption  o f  an effective  
earth’s radius o f  4/3 tim es the actual value ;

(c )  T hat the effect o f  norm al tropospheric refraction is likely to  decrease w ith  decreasing  
frequency ;

( d)  T hat som e m athem atical analyses relating to this subject have been com pleted  and published *;

u n a n i m o u s l y  d e c i d e s  that the fo llow in g  studies sh ou ld  be carried o u t :

1. Further m easurem ents o f  ground-w ave field strengths over a sufficiently long  path  o f  uniform  
conductivity, such as a sea path , to determ ine experim entally  the m odification  o f  the ground- 
w ave curves required to  include the effects o f  tropospheric refraction at frequencies below  
10 M c/s ;

2. Interpretation o f  the m athem atical analysis relating to  ground-w ave propagation  to  include  
the effects o f  tropospheric refraction on all frequencies b e low  10 M c/s.

S T U D Y  P R O G R A M M E  N o . 52 (IV ) **

T E M P O R A L  V A R IA T IO N  O F  G R O U N D -W A V E  F IE L D  S T R E N G T H S

(Q uestion  N o . 6 (IV))

T he C .C .I.R ., (G eneva, 1951 —  L ondon, 1953)

CONSIDERING :

( a)  T hat the existence o f  a tem poral variation o f  ground-w ave field strength at a fixed receiving  
p oin t is n o w  a well established ph enom enon ;

( b) T hat such variations have been observed to correlate w ith  various physical factors as described  
in R eport N o . 20 ;

u n a n i m o u s l y  d e c i d e s  that the fo llow in g  study should  be ca rr ied . o u t :

T he further investigation  o f  this ph en om en on  w ith a view  to  determ ining its im portance  
in the study o f  ground-w ave propagation .

S T U D Y  P R O G R A M M E  N o . 53 (IV )* * *

G R O U N D -W A V E  P R O P A G A T IO N  O V E R  M IX E D  P A T H S

(Q uestion  N o . 6 (IV ))

T he C .C .I.R ., (G eneva, 1951 —  L ond on , 1953)

CONSIDERING :

(a )  T hat the problem  o f  am plitude and phase variations in ground-w ave propagation  resulting  
from  the non-un iform ity  o f  the electrical constan ts a long  the path  is o f  great im portance  
in connection  w ith :

* See for example : H. B r e m m f .r , Terrestrial Radio Waves, Theory o f  Propagation, Part. II, p .  145, Formula 31.
** This Study Programme replaces Study Programme No. 12. I t arises from Question No. 6 (IV).

*** This Study Programme replaces Study Programme No. 13. I t arises.from Question No. 6 (IV).
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—  the determ ination  o f  the service areas o f  radio transm itters,
—  the use o f  m edium  and lo w  frequencies for navigational aids,
—  the study o f  coasta l refraction ;

(b )  T hat, a lthough  the m eth ods referred to  in R ecom m end ation  N o . 109 have given good  
agreem ent w ith  experim ent w here they have been applied , they are nevertheless partly 
em pirical

(c )  T hat rigorous m athem atical analysis has not yet been extended to  include the effect o f  :

—  several boundaries,
—  curvature o f  the earth,
—  propagation ob liqu ely  to  a boundary,
—  variations o f  the electrical constants o f  the ground in the vertical direction ;

u n a n i m o u s l y  d e c i d e s  that the fo llow in g  studies should  be carried out :

IV T he obtain ing o f  further experim ental results for am plitude and phase over m ixed paths
under as w ide a range o f  co n d ition s as possib le ;

2. T he interpretation o f  these results in term s o f  the m ethods referred to  in R ecom m end ation  
N o . 109 ;

3. T he detailed exam ination  o f  con d ition s in  the ne ighbourhood  o f  a boundary, especially  o f  
phase changes in  various d irections across a coastline ;

4. T he further developm ent o f  the m athem atical analysis and  its adaptation  for engineering  
application  to  replace, i f  necessary, the existing em pirical m ethods ;

5. T he reduction  o f  these em pirical m ethods to  as sim ple a form  as possib le ;

6. T he extension  o f  the experim ental and theoretical w ork to  take accou nt o f  changes in the  
electrical constan ts o f  the ground*in the vertical direction , e.g . where there is shallow  water 
o f  variable depth ;

7. T he possib ility  o f  using am plitude and phase m easurem ents to  detect and estim ate changes 
in the electrical constan ts a long  a land path. .

S T U D Y  P R O G R A M M E  N o . 54 (IV ) *

G R O U N D -W A V E  P R O P A G A T IO N  O V E R  IR R E G U L A R  T E R R A IN

(Q u estio n s N os. 6 (IV) a n d  7)

T he C .C .I.R ., (G eneva, 1951 —  L ond on , 1953)

CONSIDERING :

( a )  T hat it is o f  great im portance to  pursue the studies concerning propagation  over irregular 
terrain ;

(b )  T hat R eport N o . 21 has n o t g iven  a com plete answer to  the problem  ;

* This Study Programme replaces Study Programme N o. 14. It arises from Question N o. 6 (IV).
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u n a n i m o u s l y  d e c i d e s  that the fo llow in g  study sh ou ld  be carried o u t : 

P ropagation  o f  w aves over irregular terrain, w ith  consideration  o f  the fo llow in g  aspects :

1. P ropagation  over a specific path  betw een fixed poin ts, w ith  particular reference to  :

—  propagation  a long  valleys betw een m ountains,
—  propagation  across valleys ;

2. P ropagation  over a specific area surrounding a transm itter, using statistical m ethods, w ith  
particular reference to  propagation  over very irregular terrain ;

3. M ethods for the experim ental determ ination o f  the best choice  o f  site and the appropriate  
polarisation  o f  antennae for the type o f  service to  be obtained  ;

4. T he experim ental study o f  the phase variations w ith distance, produced by irregularities 
o f  the terrain ;

5. T he further developm ent o f  the m athem atical analysis and its practical application .
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Questions and Study Programmes 
assigned to Study Group No. V

Q U E S T IO N  N o . 85 (V)

P R O P A G A T IO N  D A T A  R E Q U IR E D  F O R  W ID E -B A N D  R A D IO  S Y S T E M S

T he C .C .I.R ., (L ond on  1953)

CONSIDERING :

(a )  T hat in  the p lanning o f  a  com m unications netw ork it is necessary to  define the overall system  
perform ance achieved for given percentages o f  tim e ;

(b )  T hat designers o f  radio  system s in  the V H F  (m etric), U H F  (decim etric) and S H F  (centim etric) 
bands require to  kn ow , from  the poin t o f  view  o f  sustained satisfactory operation , the  
tropospheric propagation  characteristics and  the resulting signal strength that is exceeded  
for a h igh percentage o f  the tim e over com paratively short d istances approxim ating to  the  
norm al w orking range for  each  particular frequency band (i.e. approxim ately optical 
distance for U H F  (decim etric) and up to  tw ice or three tim es the optical range for S H F  
(centim etric) and V H F  (m etric).;

(c )  T hat the p lanning o f  m ulti-repeatered system s requires the know ledge o f  the seasonal 
distribution curves o f  such propagation  characteristics ;

(d )  T hat from  the poin t o f  v iew  o f  interference beyond  the norm al range it is necessary to  kn ow  
the value o f  received field  lik ely  to  be exceeded for a sm all percentage o f  tim e, at distances 
o f  three or m ore tim es the optical range ;

u n a n i m o u s l y  d e c i d e s  that the fo llow in g  question  sh ou ld  be studied  :

1. W hat is the d istribution w ith  tim e o f  the values o f  path  attenuation over approxim ately  
optical paths in  the U H F  (decim etric) and S H F  (centim etric) ranges, and particularly the  
values lik ely  to  be exceeded  for  50 %, 1 % and 0 .1%  o f  the tim e ?

2. W hat is the d istribution  w ith  tim e o f  the values o f  path  attenuation  over paths o f  lengths 
up to  tw o  or three tim es the op tica l distance in the V H F  (m etric) band, and particularly  
the values likely  to  be exceed ed  for  50% , 1 % and 0.1 % o f  the tim e ?

3. T o  w hat exten t are these  distributions dependent u p o n  the season , length  o f  path , geogra
ph ical region  and  type o f  terrain over w hich the path  passes ?

4. W hat is the value o f  path  atten uation  likely to  be exceeded for  99%  and 99.9%  o f  the tim e  
at distances o f  three or m ore tim es the optical range for system s operating in  the V H F  
(m etric), U H F  (decim etric) and  S H F  (centim etric) bands ?
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N o tes:

1. T he data accum ulated in  preparing C .C .I.R . R ecom m end ation  N o . 55, (G eneva, 1951)
m ay provide som e inform ation  on § 4 and possib ly  o n  § 1 and 2 o f  this question . Since, 
how ever, the use o f  directional aerials ahd staggered paths can often  avoid  interference  
b eyon d  the norm al range, § 1 and 2 are regarded as m ore urgent than  § 4.

2. In preparing answers to  § 1 and 2, it m ay be valuable to  obtain  data on the variation
w ith  tim e o f  the values o f  the earth’s effective radius.

3. It is hop ed  that the values o f  the d istribution  o f  path  atten uation  can be provided
w ith particular reference to  the frequency bands a llocated  to  the F ixed  Service in  
the R ad io  R egu lations, A tlantic  City, and that ind ica tion  can  be g iven  o f  any m ajor  
variations in  those cond itions likely to  be experienced w ithin  any one o f  those bands.

4. T he ab ove  questions should  be brought to  the atten tion  o f  the U .R .S .I . by the D irector
o f  the C .C .I.R . w ith the view  that these questions be taken in to  account in  the scientific  
studies carried out by the U .R .S .I ., special a tten tion  being drawn to  the fact that the  
U .R .S .I . is preparing tw o special reports on  tropospheric w ave propagation  (one on  
propagation  w ithin  the optical horizon  and the other o n  propagation  beyond the  
optical horizon). T hese tw o reports are to  be presented at the next G eneral A ssem bly  
o f  the U .R .S .I . 1954.

Q U E S T IO N  N o . 86 (V)

T H E  M E A S U R E M E N T  O F  F IE L D  S T R E N G T H  IN  T H E  N E IG H B O U R H O O D  
O F  O B S T A C L E S

The C .C .I.R ., (L ondon, 1953)

CONSIDERING :

(a )  T hat it is o ften  necessary for  practical purposes to  define and  m easure the field strength at 
the p lace where it  is to  be used ;

(b )  T hat the cond itions existing at such places are o ften  very different from  th ose  described  
in  R ecom m end ation  N o . 66 *, particularly because o f  the presence o f  obstacles (build ings, 
lines, antennae, trees, etc.) ;

(c )  T hat the apparatus com m on ly  used for field strength m easurem ents m ay be influenced by 
com ponents other than  that to  be m easured, g iving rise to  serious errors w hen the latter is 
relatively w eak ;

u n a n i m o u s l y  d e c i d e s  that the fo llow in g  qu estion  sh ould  be studied  :

Since on ly  lim ited  use can be m ade o f  existing field strength m easuring equipm ent, due, in  
particular, to  the influence o f  field com ponents other than that to  be m easured, h o w  can the  
structure o f  the field be determ ined and its strength m easured at a site in  the neighb ourhood  o f  
obstacles to  estab lish  a relation betw een these characteristics and th ose  that w ou ld  exist w ithout 
such obstacles ?

* This Recom mendation has been leplaced by Recommendation N o . 114.
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M E A S U R E M E N T  O F  F IE L D  S T R E N G T H  O F  R A D IO  S IG N A L S

(Q u estio n  N o . 8)

T he C .C .I.R ., (G eneva, 1951)

CONSIDERING :

(a )  T hat Q uestion  N o . 8 o f  the C .C .I.R . has n o t yet received a com plete  reply ;

(b )  T hat R ecom m endations N o s . 60, 61, 62, 63, 64, 65 and 66, as w ell as R eports N o s . 4, 5 
and 6 reply in  part to  Q uestion  N o . 8 ;

u n a n i m o u s l y  d e c i d e s  that the fo llow in g  study should  be m ade :

Study o f  the m easurem ents o f  the field strength o f  radio signals in  accordance w ith  the  
program m e proposed  in  Q uestion  N o . 8, taking account o f  the R ecom m endations and R eports  
cited  above.

STUDY PROGRAMME No. 19 (V) *

S T U D Y  P R O G R A M M E  N o .  55 (V ) **

T R O P O S P H E R IC  P R O P A G A T IO N  C U R V E S  F O R  D IS T A N C E S  
W E L L  B E Y O N D  T H E  H O R IZ O N

The C .C .I.R ., (G eneva, 1951 —  L ond on , 1953)

CONSIDERING :

(a )  T hat the curves given in  R ecom m end ation  N o . I l l  are restricted to  the frequency range' 
30 to  200 M c/s, and that they give on ly  a broad representation o f  the data o n  w hich they are 
based ;

(b )  T hat they refer on ly  to  the average m eteorological conditions for the specific areas stated  
in  the text accom panying the curves ;

(c )  T hat they specifically refer to  transm ission over land w hile conditions causing abnorm al 
lo n g  distance tropospheric propagation  m ay arise m ore frequently over sea ;

(d )  T hat they refer only to  m edian values w ith  respect to  geographical lo ca tion  ;

( e )  T hat they take n o  accou nt o f  the height o f  the transm itting aerial, nor o f  the directivity o f  
the transm itting and receiving aerials ;

u n a n i m o u s l y  d e c i d e s  that the fo llow in g  studies should  be carried out :

1. C ontinuous recording, for distances w ell beyond the horizon , o f  transm issions in the frequency  
ranjge 30 to  4000 M c/s in  as m any parts o f  the w orld as possib le over a period o f  at least 
tw o years.

2. Particular investigation  o f  the problem  o f  oversea paths.

* This Study Programme does not refer to any Question under study.
** This Study Programme replaces Study Programme No. 17. It does not refer to any Question under study.
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3. T he statistical analysis o f  the results o f  such experim ents a long  the lin es adop ted  in  the  
production  o f  the curves g iven in  R ecom m end ation  N o . 111.

4. D ed u ction  from  this analysis o f  the m odification  to  th ose  curves to  allow  for  the different 
average m eteorological cond itions existing in  different parts o f  the w orld.

5. Study o f  the variation o f  field strength at various distances from  the transm itter.

6. Investigation  over various transm ission distances o f  the effect o f  changing the height o f  the  
transm itting aerial.

7. Investigation  over various transm ission distances o f  the effect o f  using directive aerials both  
for  transm ission and reception.

S T U D Y  P R O G R A M M E  N o . 56 (V) *

T R O P O S P H E R IC  W A V E  P R O P A G A T IO N  

T he C .C .I.R ., (G eneva, 1951 —  L on d on , 1953)

CONSIDERING I

( a )  T hat w idespread developm ents have  taken place in  the practical app lication  o f  rad io  w aves 
at frequencies above 30 M c/s ;

(b )  T hat the propagation  o f  such w aves is kn ow n  to  be greatly influenced by the m eteorological 
cond itions in  the troposphere ;

( c )  T hat progress in  the investigation  o f  such propagation  has already led to  R ecom m end ation  
N o . I l l  ;

d e c i d e s  that the fo llow in g  studies sh ou ld  be carried o u t :

1. A dm in istrations and operating agencies sh ou ld  be encouraged  to  m ake operation al radio data  
availab le to  national laboratories w h ich w ill co-ord in ate  the radio in form ation  w ith  m eteoro
log ica l data and subm it the results o f  their analyses to  the C .C .I.R . T he m eth ods used in  
the analyses should  be described.

2. A dm in istrations and O perating A gencies sh ou ld  be encouraged  to  carry ou t, so  far as possib le , 
special investigations designed to  supplem ent the in form ation  obtained in  § 1.

3 . Steps sh ou ld  be taken to  devise a su itable standard nom enclature for  th is subject, and a 
uniform  m eth od  o f  presenting b o th  the radio  and th e  m eteorolog ica l results sh ou ld  be  
adopted . T he m ethod  o f  presentation sh ou ld  take a ccou n t o f  the periods o f  occurrence o f  
standard, sub-standard and super-refracting cond itions, and sh ou ld  ind icate the geographical 
areas in  w h ich these conditions exist.

Note .  —  N a tio n a l adm inistrations, the International R ad io  Scientific U n io n  (U .R .S .I .) , 
the W orld  M eteorological O rganisation  (O .M .M .) and other in ternational radio  an d  m eteo ro lo 
gical organizations should  be encouraged to  pursue as a  m atter o f  great urgency th e  investigation  
o f  the propagation  o f  radio w aves through the troposphere.

* This Study Programme replaces Study Programme N o. 18. It does not refer to any Question under study.
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IN V E S T IG A T IO N  O F  M U L T IP A T H  T R A N S M IS S IO N  
T H R O U G H  T H E  T R O P O S P H E R E

T he C .C .I.R ., (L ond on , 1953)

CONSIDERING :

T hat in  system s using frequencies above 30 M c/s, radio w aves m ay travel from  a transm itter  
to  a receiver a lon g  several paths ;

u n a n i m o u s l y  ̂  DECIDES that the fo llow in g  studies should  be carried o u t :

1. In vestigation  o f  tim e and phase differences occurring in  m ultipath transm issions ;

2. D eterm ination  o f  the percentage o f  tim e for w h ich  given  tim e and phase differences occur, 
respectively ;

3. S tatistical analysis o f  the relative strengths o f  signals occurring in  m ultipath  transm issions ;

4. In vestigation  o f  the m anner in  w h ich  the quantities m easured vary w ith  frequency over bands 
o f  the order o f  those used in  te lev is io n .a n d  w ide band radio and  te lev ision  system s ;

5. In vestigation  o f  the m anner in  w hich the sam e quantities are affected by the use o f  space  
diversity system s.

STUDY PROGRAMME No. 57 (V) *

* This Study Programme does not refer to any Question under study.
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Questions and Study Programmes 
assigned to Study Group No. VI

S T U D Y  P R O G R A M M E  N o . 58 (V I)*

C H O IC E  O F  A B A S IC  S O L A R  IN D E X  F O R  IO N O S P H E R IC  
P R O P A G A T IO N

(Q uestion  N o . 53)

T he C .C .I.R ., • (L ond on , 1953)

CONSIDERING :

(a )  T hat the su n  is generally accepted as the prim ary cause o f  m any geophysica l phenom ena  
and in  particular o f  the form ation  o f  the ionosp here and o f  m o st o f  its variations ;

(b )  T hat w hen suitable sm ooth ed  averages are used  the W o lf sunspot num bers provide an index  
o f  solar activity w hich show s a fairly go o d  correlation  w ith sim ilarly sm ooth ed  ionospheric  
propagation data, but that these num bers are nevertheless subjective and  em pirical since  
they are obtained from  an arbitrary form ula based o n  the num ber o f  sp ots and o f  groups o f  
spots observed o n  the su n ’s disc ;

(c )  T hat determ ination o f  the W o lf num bers depends, m oreover, on  visual observations o f  the  
sun w hich can therefore be m ade on ly  under favourable m eteorological cond ition s ;

(d )  T hat it has recently been sh ow n that the intensity  o f  solar radiation in  the V H F  (m etric) 
and U H F  (decim etric) bands is c losely  correlated w ith  visib le solar p h en om en a ;

u n a n i m o u s l y  d e c i d e s  that the fo llow in g  studies sh ould  be carried out :

1. T he relationship betw een solar phenom ena, other than sunspots expressed in  W o lf num bers, 
w hich can be observed objectively, and ionosp heric  propagation  cond itions ;

2. T he relationship betw een the intensity o f  solar rad iation  at radio frequencies, and ionosp heric  
propagation  conditions ;

3. T he p ossib ility  o f  establish ing an index o f  so lar activity, based upon optical or radio observa
tion s, w hich can be usefu lly  em ployed  as a  basic index for ionosp heric  propagation  ;

4. T he possib ility  o f  utilising, perhaps tem porarily, som e observations o f  terrestrial ph en om ena, 
such as o f  a geom agnetic or o f  an  ionospheric character, so  as to  provide a su itab le index  
o f  solar influence on  ionospheric phenom ena, for use in  connection  w ith ionosp heric  propag
ation  studies.

Note .  —  The above Study Program m e should  be brought to  the atten tion o f  the U .R .S .I .
by the D irector o f  C .C .I.R . w ith a view  to encouraging that organisation to  expedite its w ork
bearing o n  these studies, requesting the U .R .S .I . to  inform  the C .C .I.R . o f  the results o f  its study.

* This Study Programme does not refer to any Question under study.
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ID E N T IF IC A T IO N  O F  P R E C U R S O R S  IN D IC A T IV E  O F  S H O R T -T E R M  
V A R IA T IO N S  O F  IO N O S P H E R IC  P R O P A G A T IO N  C O N D IT IO N S

(Q u estio n  N o . 53)

T he C .C .I.R ., (L ond on, 1953)

CONSIDERING :

(a )  T hat it is desirable to  have an index or indices suitable for short-term  forecasts o f  ionospheric  
disturbances ;

( b )  T hat long-term  indices for ionospheric propagation  m ay n o t be satisfactory for indicating  
short-term  variations in the ionosphere ;

( c )  T hat it is generally accepted that corpuscular radiation  from  the sun is the m ain  cause o f  
ionospheric  propagation  disturbances ; ■ ■

u n a n i m o u s l y  d e c i d e s  that the fo llow in g  study should  be carried o u t :

T he possib ility  o f  selecting particular kinds o f  solar observations, or observations o f  other  
p h en om ena, that can be m ade objectively, and w hich  m ay be usefully em ployed  for short-term  
predictions o f  ionospheric  propagation  conditions.

Note .  —  T he above Study Program m e should  be brought to ,th e  a tten tion  o f  the U .R .S .I . 
by the D irector o f  the C .C .L R ., w ith a view  to  encouraging that organisation  to  expedite its work  
bearing on  these studies, requesting the U .R .S .I . to  inform  the C .C .I.R . o f  the results o f  its study.

STUDY PROGRAMME No. 59 (VI) * '

S T U D Y  P R O G R A M M E  N o . 60 (VI) *

B A S IC  P R E D IC T IO N  IN F O R M A T IO N  F O R  IO N O S P H E R IC  P R O P A G A T IO N

(Q u estio n  N o . 50)

T he C .C .I.R ., (L ondon, 1953)

c o n s i d e r i n g  :

( a )  T hat Q uestion  N o . 50 cannot yet be fully answ ered ;

( b )  T hat, nevertheless, extensive practical use is m ade o f  basic prediction in form ation  by radio  
operating services and adm inistrations (see R eport N o . 23) ;

( c)  T hat the app lication  to  specific operational problem s, o f  basic prediction  inform ation , as 
supplied  by various adm inistrations and centres, has revealed occasion al large discrepancies 
betw een basic prediction  in form ation  and operational results, even thou gh  the solar activity  
m ay have been correctly fo r e c a s t ; these m ay be attributed to  such causes as the fo llow in g  :

—  different interpretations placed up on  the basic ionospheric observations ;
—  different m ethods o f  converting basic ionospheric  observational m aterial in to  world  

prediction charts ;

This Study Programme does not refer to any Question under-study.
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—  over sim plification o f  the prediction  m aterial resulting from  the continu in g  use  o f  the 
three-zone m ethod  o f  a llow in g  for longitud e effects in  the characteristics o f  the F 2  layer ;

—  inadequate understanding and  research for  suitable a llow ance to  be m ade for the role  
played by layers other than F 2 , notab ly  the E  layer, for  the actual m od es o f  propagation , 
and for the effects o f  ground scatter ;

—  in  the preparation o f  w orld  prediction charts the necessity to  adapt existing propagation  
data to  extensive regions (oceans, etc.) from  w hich n o  such data are availab le ;

—  differences in the statistical significance o f  the operational data sam pled, and in  the 
m ethods o f  assessing circuit perform ance o f  the various classes o f  service ;

u n a n i m o u s l y  d e c i d e s  that the fo llow in g  studies should  be carried o u t :

1 . T he suitability  o f  present m ethods for predicting oblique incidence M U F  from  vertical 
incidence data for  both  short and  lon g  paths ;

2. T he extent to  w h ich  basic prediction  m aterial n o w  in use cou ld  be im proved  by the use 
o f :

—  tw o  separate interm ediate-zone (I-zone) w orld  charts, p ossib ly  w ith  m odified  zone  
boundaries, or,

—  a set o f  w orld charts for  every hour or tw o  hours, U .T . ;

3. T he role p layed by the E  region in  the determ ination o f  operational M U F  for  short and  
lo n g  paths both  in  sum m er and  in  w inter ;

4. Practical m eans o f  introducing in to  prediction data, progagation  m od es and  the related  
subject o f  angles o f  arrival and departure ;

5. Practical m ethods o f  introducing in to  m onth ly  predictions the anticipated  day-to-day spread  
o f  M U F .

Note .  —  This above study program m e sh ould  be brought to  the atten tion  o f  the U .R .S .I .
by the D irector o f  C .C .I.R . w ith  a v iew  to  encouraging that organisation  to  expedite its w ork
bearing o n  these studies, requesting the U .R .S .I . to  in form  the C .C .I.R . o f  the results Of its study.

S T U D Y  P R O G R A M M E  N o . 61 (VI) *

N O N -L IN E A R  E F F E C T S  IN  T H E  IO N O S P H E R E

(Q uestion  N o . 5)

T he C .C .I.R ., (G eneva, 1951 —  L on d on , 1953)

CONSIDERING :

(a )  T hat num erous exam ples o f  interm odulation  and  o f  the generation o f  un w an ted  signals 
in the ionosphere have been observed in  the very Jow, lo w  and m edium  frequency bands, 
and m ay be possib le  in  the h igh  frequency bands ;

(b )  T hat non-linear effects during ionospheric  propagation  can produce spurious m odu lation  
in  radio com m unication  (including broadcasting) ;

* This Study Programme replaces Study Programme N o . 20. It does not refer to any Question under study.
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(c )  T hat these ph en om en a can  im pose lim itations o n  the usefulness o f  radio com m unication  
and cause serious interference betw een different transm issions ;

(d )  T hat the m agnitude o f  these phenom ena m ay increase w ith  the signal intensity in  the ionosphere  
and" w ith  the depth  o f  m odu la tion  o f  the unw anted transm ission  ;

(e )  T hat, in particular there are n o  quantitative data availab le o n  h igh frequency interaction ;

( f )  T hat it is desirable to  endeavour to  find m eans for reducing to a m inim um  the disturbance ' 
due to  these  effects ;

u n a n i m o u s l y  d e c i d e s  that the fo llow in g  study should  be carried o u t :

The study by adm inistrations and recognised operating agencies o f  the non-linear effects 
in the ionosp here, recording in  particular the tim e and cond itions o f  occurrence and the values 
o f  the frequencies o n  w hich they are observed, and o f  practical m eans o f  decreasing the effect 
o n  the efficiency o f  radio com m u nication s and radio broadcasting ; the D irector  o f  the C .C .I.R . 
should  keep in  to u ch  w ith  the U .R .S .I . w ith regard to  any theoretical and experim ental develop
m ents that m ay have im portant practical im plications, so  that the C .C .I.R . m ay be kept inform ed.

S T U D Y  P R O G R A M M E  N o . 62 (VI) *

U S E  O F  S P E C IA L  M O D U L A T IO N  O N  T H E  S T A N D A R D  F R E Q U E N C Y  
T R A N S M IS S IO N S  F O R  A S S E S S IN G  T H E  R E L IA B IL IT Y  

O F  P R O P A G A T IO N  F O R E C A S T S

(Q uestion  N o . 50)

T he C .C .I .R ., (L ond on , 1953)

CONSIDERING I

( a )  T hat radio operating agencies are quite w illing to take period ical n o te  o f  the quality o f  the  
propagation  observed on  certain paths during their norm al tr a ff ic ;

(b )  T hat the data thus obta ined  are nevertheless inadequate for  clear conclu sions to  be drawn  
concerning the actual p ropagation  conditions and the accuracy o f  availab le forecasts ;

( c )  T hat the m eth od  o f  contin u ou sly  recording the field set up by contin u ou sly  operating  
transm itters or by transm itters w ith  transm issions even ly spaced in  tim e seem s at present 
to  be a m ore efficient w ay o f  com paring forecasts w ith  actual propagation  cond itions ;

(d )  T hat it w o u ld  be extrem ely difficult, if  n o t im possib le, to  ob ta in  assignm ents o f  sufficiently  
clear frequency channels, and  o f  necessary transm itting facilities, for th e  specific purpose  
o f  obta in ing  m ore useful data fo r  such com parisons ;

(e )  T hat transm itters o f  standard frequencies and tim e signals were quite satisfactory for this 
purpose so  lo n g  as they w ere few  enough  in  num ber n o t to  cause m utual interference, but 
that th is is n o  longer the case ;

( f )  T hat the stu dy  o f  propagation  cond itions using experim ental transm itters does n o t in  all 
cases require perm anent em issions bu t m erely transm issions lasting a few  m inutes repeated  
once or tw ice an hour ;

* This Study Programme does not refer to any Question under study.
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u n a n i m o u s l y  d e c id e s  that the fo llow in g  studies should  be carried o u t :

T he possib ility  o f  providing special to n e  m odu lation  on  the various standard frequency  
transm itters, suitable for radio propagation  m easurem ents. Such m odu lation  ough t to provide, 
for exam ple, one or m ore sidebands separated far enough  from  the carrier and other m od u 
lations o f  the carrier to allow  the recording receiver to  receive on ly  the w anted m odulation  
sideband. It should  be noted  that the to ta l em ission  o f  the standard frequency transm itter  
m ust n o t fall outside the bands a llocated  to  th is service by A tlan tic  City ;

2. T he feasib ility  o f  applying such additional m odu lation , for  a period o f  a few  m inutes each
hour or half-hour, to  one transm itter a t a tim e, o n  a given frequency, according to  a pre
arranged sequence.

S T U D Y  P R O G R A M M E  N o . 63 (VI) *

R A D IO  P R O P A G A T IO N  A T F R E Q U E N C IE S  B E L O W  1500 k c /s

T he C .C .I.R ., (G eneva,. 1951 —  L on d on , 1953)

CONSIDERING :

(a )  T hat a large am ount o f  work has now  been done on  the ionospheric  propagation  o f  w aves 
at frequencies below  1500 kc/s ** ;

(b )  T hat, nevertheless, propagation  o f  radio w aves o n  frequencies below  1500 k c /s  under co n 
ditions in w hich it is controlled  by the ionosp here is n o t yet fu lly  understood  ;

(c )  T hat the m athem atical analysis o f  this prob lem  has been largely confined to  ideal cases that 
are n o t sufficiently representative o f  practical cond itions especially  where lo n g  distance  
propagation is concerned ;

(U) T hat it  is o f  interest to  the I .F .R .B . to  have availab le reliable curves o f  n igh t-tim e pro
pagation  o n  these frequencies especially at the com paratively short distances for  w h ich the  
ground-w ave predom inates in day-tim e ; -

d e c i d e s  that the fo llow in g  studies sh ou ld  be carried out :

1. C ontinuation o f  m easurem ents at vertical and ob lique incidence on frequencies below  1500 kc/s  
o f  the type described in  the docum ents referred to  ;

2. W ith  the participation o f  adm inistrations and laboratories having su itab le facilities, obtain  
results over as large a range o f  frequencies and geographical areas as possib le  ;

3. Carry out m easurem ents at very great d istances and very low  frequencies in an effort to  
determ ine the m anner o f  propagation  o f  these w aves to  great distances ;

4. Effect, on  the propagation o f  these w aves, o f  disturbed cond itions in  the ionosphere, such as
th ose  associated  w ith  sudden phase anom alies and w ith m agnetic storm s ;

5. In fluence o f  the earth ’s m agnetic field ;

6. D evelop m en t o f  the m athem atical analysis to  m ake it app ly  m ore c losely  to  the general
cond itions o f  lo n g  distance propagation  in w h ich  both  the ion isa tion  and the direction o f
the earth’s .m agnetic field vary a long  the propagation  path  ;

♦This Study Programme replaces Study Programme No. 21. I t does not refer to any Question under study.
** See Doc. No. 141 o f Washington 1950, Docs. Nos. 69, 154 and 186 of Geneva 1951, Docs. Nos. 37 and 332 o f London 

1953 and in the review given in Proc. I.E.E. 100, Part III, 64, 1953, p. 100.
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7. P ossib ility  o f  revising the C .C .I.R . night-tim e curves (presented at C airo, 1938) in  the light 
o f  present kn ow led ge, in  view  o f  the need o f  the I.F .R .B . to  have availab le reliable curves, 
as expressed in  (c )  o f  A n n ex  to  R eport N o . 24.

N ote .  —  T he ab ove  Study Program m e should  be brought to  the atten tion  o f  the U .R .S .I . 
by the D irector o f  C .C .I .R ., w ith  a view  to  encouraging that organisation to  expedite its work  
bearing on  these studies, requesting the U .R .S .I . to  inform  the C .C .I.R . o f  the results o f  its study.

S T U D Y  P R O G R A M M E  N o .  6 4  ( V I )  *

IO N O S P H E R IC  P R O P A G A T IO N  O F  W A V ES IN  T H E  B A N D  30 T O  300 M c/s

T he C .C .I .R ., (G eneva, 1951 —  L ond on , 1953).

CONSIDERING :

(a )  T hat frequencies in  the 30 to  300 M c/s band are o f  great im portance for short distance radio  
links, for  television , for  broadcasting, and for other purposes ;

(b )  T hat w ith  the advent o f  m ore pow erful transm itters and m ore directional aerials a new  kind  
o f  ionosp heric  propagation  has been discovered w ihch  results in  transm ission  to  distances 
som ew hat in  excess o f  2000 km  in  the low er part o f  th is frequency band ;

(c )  T hat ionosp heric  propagation  in  this frequency band at least by the regular ionospheric
layers, is k n o w n  to  be dependent up on  the level o f  solar activity ;

u n a n i m o u s l y  d e c i d e s  that the fo llow in g  study sh ould  be carried o u t :

T he propagation  o f  w aves in  the 30 to  300 M c/s band by w ay o f  the ionosphere, w ith  parti
cular attention  to  results obtained  during the present period o f  lo w  solar activity. Progress m ade  
in this study as the solar cycle proceeds should  be reported on at future Plenary Assem blies.

Note.  —  R eport N o . 7, together w ith  D o c . N o . 39 o f  L on d on  1953, constitu te the current
sum m ary o f  in form ation  on  this subject. A n  extensive b ib liography is given in  D o cs. N o . 124 
o f  W ashington, 1950, N o . 72 o f  G eneva, 1951, and N o . 39 o f  L on d on , 1953.

S T U D Y  P R O G R A M M E  N o . 6 5 '(V I)* *

M E A S U R E M E N T  O F  A T M O S P H E R IC  R A D IO  N O IS E

T he C .C .I.R . (G eneva 1951 —  L ondon, 1953)

c o n s i d e r i n g  :

(a )  T hat there is a  continu in g  need  for  m ore inform ation regarding atm ospheric no ise  and its 
influence o n  radio system s ;

(b )  T hat the objectives o f  Study Program m e N o . 23 have been on ly  partially attained :

* This Study Programme replaces Study Programme No. 22. It does not refer to any Question under study.
♦♦This Study Programme replaces Study Programme No. 23. It-does not refer to any Question under study.
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d e c i d e s  that the fo llow in g  studies sh ou ld  be carried o u t : .

1. C ontinued  m easurem ent o f  atm ospheric no ise  at a num ber o f  lo ca tion s by the T hom as  
m eth od  and by other m ethods in  current use ;

2. A p p lication , at a few  locations, o f  m ethods o f  m easurem ent o f  the T hom as type to  classes 
o f  transm issions other than aural telegraphy ;

3. D evelop m en t o f  other m eth ods o f  m easuring atm ospheric n o ise  intensities by objective  
m eans ;

4. D irect com parison  o f  m ethods o f  m easuring n o ise  w ith a view  to  decid ing the m o st appro
priate m ethod for future use ;

5. E xtension  o f  facilities (e.g. narrow -sector and cathode ray direction  finders) for locating  
thunderstorm  centres and com parison o f  results o n  different frequencies in the range 10 kc/s  
to  30 M c/s ;

6. Further developm ent and testing o f  devices for counting  loca l ligh tn ing flashes, in accordance  
w ith  R ecom m end ation  N o . 121 ;

7. D eterm ination , by experim ental and theoretical m eans, o f  the form  and other characteristics 
o f  atm ospheric no ise  originating in distant thunderstorm s ;

8. R elation sh ip  betw een the characteristics o f  n o ise  at the input to  a receiver and the interference  
to  the intelligence a t the o u tp u t ;

9. Im provem ent o f  existing m eans for presenting atm ospheric no ise  data ;

10. D eterm ination  o f  the spectral distribution o f  the radiated' energy from  lightning flashes ;

11. R elative  im portance o f  atm ospheric no ise  com pared w ith  other types o f  noise, as a lim iting  
factor in .ra d io  com m unication .

Notes:
1. T he above  Study Program m e should  be brought to  the atten tion  o f  the U .R .S .I . by the 

D irector o f  C .C .I.R . w ith a view  to  encouraging that organisation  to  expedite its w ork * 
bearing o n  these studies, requesting the U .R .S .I . to  inform  the C .C .I.R . o f  the results o f  
its study.

2. A  special clause relating to  § 3 and 4  o f  the ab ove  Study Program m e has been inserted  
in R ecom m end ation  N o . 119.

3. T he studies detailed in § 5, 6 and 7 sh ou ld  be carried out in  c lose  con su ltation  with  
W .M .O . in  order to  avoid  duplication  o f  effort.

S T U D Y  P R O G R A M M E  N o . 66 (V I)*

S T U D Y  O F  F A D IN G

(Q u estio n s N os. 51 an d  52 —  S tudy  P ro g ram m e N o . 24)

The C.C.I.R., (London, 1953)

CONSIDERING :

(a) T hat the practical requirements of radio communication necessitate not only information 
on the median received field strength of radio transmissions, but also :
— data on the am plitude distribution and rapidity of field strength variations (with respect 

to the speed of transmission),

♦T h is Study Programme does not refer to any Question under study. , !
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—  effects o f  equipm ent tim e constants,
—  selective fading,
and that these in form ations are essential to  Study G roups N o s. I l l ,  X  and X II in assessing  
the a llow ances for fad ing ;

(b )  T hat field strength variation  involves phenom ena o f  focusing, variation  in  direction o f  
arrival, interference by com ponents o f  a  single m ode, betw een different m odes, and between  
the various m agneto-ion ic  com ponents, as w ell as variations o f  ionospheric absorption  and  
scattering phenom ena ;

(c )  T hat variations o f  field strength m ay, as a  first approxim ation, be divided in to  three types :

—  irregular short period  variations, assum ed in  general to  result from  interference and  
focusing, w ith  an apparent period  o f  occasionally  as m uch as several m inutes and dependent 
to  a  certain degree o n  the frequency. T hese variations should  be a llow ed for in the assess
m ent o f  a fad ing  safe ty  fa c to r  ;

—  irregular variations o f  period icity, large com pared w ith the case above, i.e . hourly, daily  
, or from  o n e  day to  another, w h ich  m ay be due to  fluctuating absorption  or to  prolonged  
large scale focusing or w h ich  m ay result from  variations o f  arrival angle and polarisation . 
A llow ance for them  sh ou ld  be m ade in  the assessm ent o f  an  intensity  fluctuation fa c to r  ;

—  regular variations w ith  tim e o f  day, season  and solar activity, to  w h ich  are added  the  
variations o f  the tw o a b ove  types ; .

(d). T hat it is im portant to  have as .m uch inform ation as possib le concerning the effects o f  fading  
on  tim e, space, frequency and  polarisation  diversity reception ;

u n a n i m o u s l y  d e c i d e s  that the fo llow in g  studies should  be carried o u t :

F or the various frequency bands used in  radiocom m unication  by m eans o f  the ionosphere :

1. T he rapidity, severity and tim e distribution (for exam ple, R ayleigh , norm al and log-norm al) 
o f  short period field strength variations i.e. o f  the order o f  10-4 second, or occasion ally  even  
shorter, to  several seconds or, som etim es, to  as m uch as several m inutes ;

2. T he severity o f  day-to-day variations o f  hourly m edian field strengths i.e. for tim e intervals 
o f  one hour ;

3. T he exten t to  w h ich  the above  variations are dependent up on  season , solar activ ity  and  
geographical location  ;

4. The effects produced by field  strength variations o n  different receiving system s, such as tim e, 
■space, frequency and polar isa tion  diversity system s ;

5. T he m echanism s w hich  produce field  strength variations ;

6. T he exten t to  w h ich  any o f  the above studies are affected under m odu lation  conditions.

N o t e s :

1. T he above studies sh o u ld , be undertaken both  from  a theoretical and experim ental 
view point. W hen appropriate, consideration  should be given to  the tim e constants 
and other characteristics o f  the m easuring equipm ent.

2. T he above Study Program m e should  be brought to  the a tten tion  o f  the U .R .S .I . by the
D irector o f  C .C .I.R . w ith  a  view  to  encouraging that organisation to  expedite its 
w ork bearing o n  these studies, requesting the U .R .S .I . to  inform  the C .C .I.R . o f  the
results o f  its study.
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P U L S E  T R A N S M IS S IO N  T E S T S  A T O B L IQ U E  IN C ID E N C E

STUDY PROGRAMME No. 67 (VI) *

T he C .C .I.R ., (G eneva, 1951 —  L ond on , 1953)

CONSIDERING I

(a )  T hat pu lse transm ission  tests at oblique incidence are likely to  be o f  considerable va lue in 
the investigation  o f  the fo llow in g  problem s :

—  study o f  m odes o f  transm ission via the ionosp here ;
—  study o f  angles o f  elevation and lateral deviation  o f  rays arriving at different receiving  

poin ts ;
—  investigation  o f  the nature o f  signals scattered from  the ground and from  off-path  pro

pagation  resulting from  this e f fe c t ;
—  investigation  o f  round-the-w orld signals ;

(b )  T hat pulse transm ission tests at oblique incidence w ou ld  assist also  in the studies o f  ionosp heric
absorption  (R ecom m endation  N o . 115) and fading (Q uestions N o s . 51 and 52, Study
Program m e N o . 2 4 );

d e c i d e s  that the fo llow in g  studies sh ou ld  be carried out :

1. T he organisation  o f  these experim ental transm issions by Study G roup N o . V I by corres
pondence, in consu ltation  w ith the D irector o f  C .C .L R . w ho shall request publication  o f  the  
results in the Telecommunication Journal,  the Information Bulletin o f  the U .R .S .I . ,  etc. E ach  
o f  the fo llow in g  countries is invited to  nom inate  a m em ber to  participate in  the w ork an d  the  
N etherlands m em ber w ill coordinate the w ork o n  beh a lf o f  the Chairm an o f  Study G roup  
N o . V I :

E gypt, U .S .A ., France, Italy, Japan, N ew  Z ealand, N orw ay, N etherlands, Federal 
G erm an R epublic, U n ited  K ingdom , Sw eden, Syria, Y ugoslavia.

, T he fo llow in g  types o f  transm itters should , i f  possib le , be m ade available :

—  ionospheric  sound ing stations for fairly short-range tests using sw eep-frequency technique ;
—  com m ercial and broadcast transm itters for long-range tests on  fixed frequencies ;
—  transm itters operated by research organisations ;

2. T he need to  use crystal-controlled synchronising system s in pulse transm itters and receivers, 
as w ell as the possib ility  o f  using international tim e signals as starting signals.

* This Study Programme does not refer to any Question under study.



Questions and Study Programmes 
assigned to Study Group No. VII

Q U E S T IO N  N o . 87 (V II) *

S T A N D A R D  F R E Q U E N C Y  T R A N S M IS S IO N S  A N D  T IM E  S IG N A L S

(S tockholm , 1948 —  G eneva, 1951 —  L ond on , 1953)
T he C .C .I.R .,

In accordance w ith A pp. B annexed to  the R ad io  R egulations, and R ecom m end ation  N o . 2 

o f  the A tlan tic  C ity A dm inistrative R ad io  C onference, 1947,

d e c i d e s  that the fo llow in g  question should  be studied :

T he establishm ent and operation  o f  a w orld-w ide standard frequency and tim e signal Service.

S T U D Y  P R O G R A M M E  N o . 68 (V II) **

S T A N D A R D  F R E Q U E N C Y  T R A N S M IS S IO N S  A N D  T IM E  S IG N A L S

(Q u estio n  N o , 54)

T he C .C .I.R ., (G eneva, 1951 —  L ond on , 1953)

c o n s i d e r i n g  :

( a )  T hat the A tlan tic  C ity R ad io  C onference called  for  the study o f  the establishm ent and oper
a tion  o f  a w orld-w ide standard frequency and tim e service ;

(b )  T hat large areas are n ot effectively served ;

(c )  T hat, how ever, the use o f  m ore stations than  are technically necessary to  provide w orld
w ide coverage w ou ld , by producing harm ful interference, dim inish the utility  o f  the service ;

(d )  T hat the in form ation  on  service areas and o n  m utual interference, a lthough considerable, 
is still very incom plete, and  that the situation  is continually  changing ;

* This Question replaces Question N o. 54. Study Programme N o . 68 (VII) arises from this Question.
* *  This Study Programme replaces Study Programme N o. 25. It arises from Question N o. 87 (VII).
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(e )  T hat serious difficulties have som etim es been encountered by users w ish ing to  m ake high- 
precision  m ea su rem en ts;

( f )  T hat difficulties have som etim es been encountered in  the use o f  the tim e signals, in  the case  
o f  an  additional audio m odu lation  or o f  sim ultaneous reception o f  several transm issions ;

(g )  T hat new  m ethods o f  transm ission m ight im prove the service ;

d e c i d e s  that the fo llow in g  studies should  be carried o u t :

1. Im provem ent o f  the service in  the badly served areas, particularly in  A sia  and in  the Southern  
H em isphere, by putting a lim ited  num ber o f  new  experim ental stations in to  service ;

2. C ollection  and analysis by adm inistrations operating standard frequency, stations, o f  inform 
ation  o n  service areas and interference ;

3. C om parative tests betw een the types o f  tim e signals described in  R ecom m end ation  N o . 122, 
§ 4, and new  m ethods w hich m ight im prove the use  o f  tim e signals in  the case o f  add itional 
audio m odu lation  or o f  sim ultaneous reception o f  several transm issions, for instance :

—  suppression o f  add itional m odu la tion  during each tim e im pulse,
—  constitu tion  o f  the tim e signal by m eans o f  an  interruption o f  the transm ission ,
—  constitu tion  o f  the tim e signal by m eans o f  a  carrier w ave pu lse preceded and fo llow ed  

by brief interruptions o f  the transm ission ;

4. Efficiency o f  tim e sharing o f  program m es as a  m eans o f  reducing harm ful m utual inter
ference ;

5. A p p lication  o f  independent-sideband technique o f  transm ission  to  the standard frequency  
and tim e service ;

6. P ossib ility  o f  m odulating each o f  the transm itters in  turn for several m inutes per hour, or 
per half-hour w ith a h igh aud io  frequency (w ithout exceed ing the a lloca ted  band w idth) to  
facilitate propagation  studies in accordance w ith Study Program m e N o . 62 (VI).
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Questions and Study Programmes 
assigned to Study Group No. VIII

Q U E S T IO N  N o . 88 (V III) 

A U T O M A T IC  M O N IT O R IN G  O F  O C C U P A N C Y  O F  T H E  R A D IO  

F R E Q U E N C Y  S P E C T R U M

T he C .C .I.R ., (L on d on , 1953)

CONSIDERING :

(a )  T hat the increasing dem and for radio services requires the m ost efficient use  o f  the rad io
frequency spectrum  ;

(b )  T hat the m o st efficient use o f  the spectrum  can  be arranged on ly  w hen  its occupancy is know n ;

(c )  T hat the vo lum e o f  data needed  is n ow  so  large that it is necessary to  supplem ent the  
m onitoring undertaken by operators by the use o f  au tom atic  e q u ip m e n t;

d e c i d e s  that the fo llo w in g  questions should  be studied  :

1. W hat param eters characterising spectrum  occupancy, including noise, need to  be evaluated  
in  order to  ensure the m o st effective use o f  the radio frequency spectrum  ?

2. W hich o f  the param eters listed  in  the answer to  the question  in  § 1 cou ld  be evaluated  by  
w h olly  au tom atic  m on itor in g  equ ip m en t?

3. W ould  an evaluation  o f  the param eters listed  in  the answer to  the question  in>§.2 b e  sufficient 
or valuable in  adjusting th e  present use o f  the spectrum  to  exp lo it it m ore efficiently ?

4. I f  the answer to  the q u estion  in  § 3 is in  the affirm ative, w hat are the desirable characteristics 
o f  au tom atic  m onitorin g  equipm ent for determ ining the occupancy o f  the radio  frequency  
spectrum  ? O ne general form  that such an  equipm ent m ight take com prises a  radio receiver  
tuned autom atically  an d  rhythm ically  over a predeterm ined frequency range (the sw ept 
range) and associated  w ith  a  device to  record som e o f  the characteristics o f  the signals inter
cep ted by the receiver. In  such a case, am ong others the fo llow in g  sh ou ld  be studied  :

—  the to ta l frequency range over w h ich  m onitoring is required ;
—  the sw ept frequency range, or ranges, to  be covered by the au tom atic  tuner ;
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•— the num ber o f  sw eeps per hour ;
—  the m axim um  rate o f  sw eeping in  k c /s  per second  ;
—  the sensitivity, i.e. the m inim um  signal field intensity to  be recorded, in m icrovolts/m eter ; 

it m ay be usefu l to  specify an adjustable sensitivity, or to  sw itch the sensitivity in  order 
to  group the recorded signals according to  intensity  ;

—  the resolv ing pow er, i.e. the m inim um  frequency separation betw een distinguishable  
signals ;

— the signal characteristics to  be recorded, e .g . carrier frequency, bandw idth, signal 
strength ;

—  the size and the general form  o f  the records, m ethods o f  recording, and  calibrating ;
—  m ethods for  the analysis o f  records, including autom atic  m ethods.
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Q U E S T IO N  N o . 89 (V III)

F R E Q U E N C Y  M E A S U R E M E N T S  A B O V E  50 M c /s  BY M O N IT O R IN G  S T A T IO N S

The C .C .I.R ., (L on d on , 1953)

CONSIDERING :

(a )  That R ecom m end ation  N o . 20 specifies the accuracy o f  frequency m easurem ents by m onitoring  
stations for frequencies betw een 10 kc/s and 50 M c/s on ly  ;

(b )  T hat the use o f  frequencies above 50 M c/s in  the international service is increasing ;

( c )  T hat it  is im portant accurately to  m aintain  frequency in  order to  prevent interference, to  
increase the efficiency o f  com m unications and to  provide econ om ica l use o f  the radio  spectrum  
above 50 M c/s ;

(d )  T hat there are advantages in m easuring the frequencies o f  a  large num ber o f  transm itting  
stations by m eans o f  a sm all num ber o f  fixed or m ob ile  m onitoring stations ;

u n a n i m o u s l y  d e c i d e s  that the fo llow in g  questions should  be studied :

1. W hat is the accuracy w ith w hich it  is desirable to  carry ou t at m onitoring stations m easure
m ents o f  frequencies o f  em issions above 50 M c/s ?

2. W hat equipm ent is to  be preferred, w hat are the principles o f  circuit design to  b e . used ? 
In  the case o f  m obile  stations w hat are the m echanical and electrical requirem ents ?

3. W hat are the preferred m ethods to  be fo llow ed  in  m aking such m easurem ents ?
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A C C U R A C Y  O F  F IE L D  S T R E N G T H  M E A S U R E M E N T S  
B Y  M O N IT O R IN G  S T A T IO N S

T he C .C .I.R ., (L ond on , 1953)

CONSIDERING :

T hat R ecom m end ation  N o . 123 : “ A ccuracy o f  F ield  Strength M easurem ents by M onitoring  
Stations ”  does n o t cover a ll aspects o f  the problem , and that it recom m ends that studies relating  
to  m ethods and equipm ent for  use at m onitoring stations should  be continued ;

u n a n i m o u s l y  d e c i d e s  that the fo llow in g  studies should  be carried o u t :

1. The effect o f  equipm ent tim e constants (including, where appropriate, that caused by recording- 
pen  drag) on  the accuracy o f  abso lu te  field strength m easurem ent at m on itorin g  stations  
using apparatus w ith  or w ithou t autom atic  recorders, particularly w hen m easuring em issions 
w ith interrupted or reduced carrier ;

2. T he im provem ent in  accuracy to  be obtained by the use o f  various secondary vo ltage standards 
for the calibration o f  signal generators at m onitoring stations.

STUDY PROGRAMME No. 69 (VIII) *

S T U D Y  P R O G R A M M E  N o . 70 (V III) *

S P E C T R U M  M E A S U R E M E N T  BY M O N IT O R IN G  S T A T IO N S

T he C .C .I.R ., (L ond on , 1953)

c o n s i d e r i n g  :

(a )  T hat it is desirable that international m onitoring stations should  be able to  m easure the 
spectrum  o f  em issions ;

(b )  T hat R ecom m endation  N o : 88 is concerned on ly  w ith m easurem ents o f  spectrum  m ade near 
the transm itter ;

(c )  T hat a lthough the m eth ods o f  m easurem ent and equipm ent used at m onitorin g  stations for  
spectrum  m easurem ent m ay be generally sim ilar to  those used near the transm itter, never
theless, add itional factors w ill need to  be considered (e.g ., the effects o f  fading, n o ise  and  
interference on  the received signal and the necessity for m aking m easurem ents on  traffic 
rather than on  period ic signals) ;

(d )  T hat the accuracy possib le  or necessary at m onitoring stations m ay differ from  that possib le  
for m easurem ents m ade near the transm itter ;

d e c i d e s  that the fo llo w in g  studies should  be carried o u t :

D eterm ination  o f  the m o st su itab le equipm ent and m ethods for the m easurem ent o f  spectrum  
o f  em issions by m onitorin g  stations, taking in to  a c c o u n t:

1. T he w ork o f  the C .C .I.R . concern ing m easurem ents o f  spectrum  m ade near the transm itter ;

2. T he necessity for m onitorin g  stations to  exam ine various classes o f  em ission  and to  m ake
m easurem ents o f  a fad ing signal in the presence o f  noise and interference ;

3. T he possib le  or  necessary accuracy o f  m easurem ents by m onitoring stations.

* This Study Programme does not refer to any Question under study.



Questions and Study Programmes 
assigned to Study Group No. IX

Q U E S T IO N  N o . 90 (IX )

IN T E R N A T IO N A L  W ID E  B A N D  R A D IO  R E L A Y  S Y S T E M S  O P E R A T IN G  
O N  F R E Q U E N C IE S  A B O V E  A B O U T  30 M c/s 

In terconnection  o f m ultip lex  system s
T he C .C .I.R ., ‘ . ; (L on d on , 1953)

CONSIDERING :

(a )  That the technical characteristics o f  m ulti-channel radio system s using tim e-d iv ision  m ultip lex  
are being studied  ;

(b )  T hat the technical characteristics o f  m ulti-channel radio system s using frequency-d ivision  
m ultip lex are being studied ;

(c )  T hat frequency-d ivision  m ultiplex o n  w ide-band land lines is w idely used ;

(d )  T hat, i f  both  types o f  m ultip lexing are used in  different netw orks, certain problem s o f  
interconnection  w ill eventually  arise ;

u n a n i m o u s l y  d e c i d e s  that the fo llow in g  question  sh ou ld  be studied  :

1. W hat econ om ic, technical, operational and m aintenance problem s are invo lved  i f  both  
types o f  m ultip lex are used in radio relay system s form ing part o f  an  in ternational netw ork  ?

2. W hat type or types o f  m ultiplex should  be recom m ended for use on  m ulti-channel radio, 
system s form ing part o f  an international netw ork  i f  problem s o f  in terconnection  are to  be 
reduced to  a m inim um  ?

3. W hen interconnection  betw een tw o system s using different types o f  m ultip lex is necessary, 
w hat is the best arrangem ent to adop t ?

Q U E S T IO N  N o . 91 (IX )

IN T E R N A T IO N A L  W ID E -B A N D  R A D IO  R E L A Y  S Y S T E M S  O P E R A T IN G  
O N  F R E Q U E N C IE S  A B O V E  A B O U T  30 M c/s  

T ransm ission of telephony and television On the sam e system

T he C .C .I.R ., ‘ (L ond on , 1953)

CONSIDERING :

(a )  T hat the technical characteristics o f  w ide-band m ulti-channel radio te lephone system s are 
being s tu d ie d ; ■ * ~ ■
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(b )  T hat the technical characteristics required for lo n g  distance transm ission o f  television signals 
are a lso  being studied ;

(c )  T hat there m ay be advantages, bo th  technical and econ om ic, if  w ide-band radio relay system s 
are p lanned to  perm it the transm ission o f  te lephony and television , sim ultaneously or alter
natively , o n  th e  sam e system  ;

u n a n i m o u s l y  d e c i d e s  that the fo llo w in g  qu estion  should  be studied :

1. W hat are the advantages, i f  any, if  w ide-band radio relay system s are p lanned to  perm it the  
transm ission o f  telephony and television , sim ultaneously  or alternatively, o n  the sam e system  ?

2. I f  there are advantages, w hat essential technical characteristics o f  such system s sh ou ld  be  
studied  and w hat are the values that should  be assigned to  such characteristics for in ternational 
circuits ?

Q U E S T IO N  N o . 92 (IX )

S T A N D A R D IZ A T IO N  O F  M U L T I-C H A N N E L  R A D IO  T E L E P H O N E  S Y S T E M S  
U S IN G  T IM E  D IV IS IO N  M U L T IP L E X  

A N D  O P E R A T IN G  A T F R E Q U E N C IE S  A B O V E  A B O U T  30 M c/s

T he C .C .I .R ., (L ond on, 1953)

CONSIDERING '.

(a )  T hat a variety o f  types o f  m ulti-channel radio te lephone system s using tim e division m ultip lex  
and operating at frequencies above abou t 30 M c/s have been developed ;

(b )  T hat in  certain cases it is desirable to  be able a lso  to  interconnect system s o f  different m anu
facture, particularly on  in ternational circuits ;

( c) T hat the lack  o f  un iform ity w ith  regard to  ch o ice  o f  the type and characteristics o f  m odu lation  
(for exam ple, num ber o f  channels, pu lse repetition  frequency, synchronising m ethods, 
signalling and supervisory arrangem ents, etc.) in  m any cases m akes direct interconnection  
im possib le  ;

(d )  T hat direct in terconnection  w ou ld  provide the m ost econom ical and, from  a technical poin t 
o f  v iew , the m o st satisfactory so lu tion  ;

u n a n i m o u s l y  d e c i d e s  that the fo llow in g  questions shall be studied :

1. W hat are the technical characteristics o f  tim e d iv ision  m ultip lex radio telephone system s 
operating o n  frequencies above abou t 30 M c/s w h ich  should  be specified in order to  be able  
to  in terconnect any tw o such system s ?

2. W hat specifications should  be drawn up for such characteristics and should be recom m ended  
as standards for radio telephone system s using tim e division  m ultiplex for use on  in ter
national circuits ?
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S T A N D A R D IS A T IO N  O F  M U L T I-C H A N N E L  R A D IO  S Y S T E M S  
U S IN G  F R E Q U E N C Y  D IV IS IO N  M U L T IP L E X  

A N D  O P E R A T IN G  A T F R E Q U E N C IE S  A B O V E  A B O U T  30 M c /s

The C .C .I.R ., (L ond on , 1953)

CONSIDERING :

(a )  T hat a variety o f  types o f  m ulti-channel radio system s operating at frequencies above about 
30 M c/s use frequency div ision  m ultiplex ;

(b )  T hat in  certain cases it is desirable to  be able to  interconnect system s o f  different types 
particularly on  international circuits ;

u n a n i m o u s l y  d e c i d e s  that the fo llow in g  question  sh ou ld  be studied :

1. W hat are the radio or interm ediate frequency characteristics o f  frequency division  m ultiplex  
radio system s operating at frequencies above abou t 30 M c/s w h ich  it is essential to  specify  
in  order to  enable tw o  such system s to be inter-connected ?

2. W hat specifications should  be drawn up for such characteristics and sh ou ld  be recom m ended  
as standards for radio  system s carrying frequency d ivision  m ultip lex  for use o n  international 
circuits and operating a t frequencies above ab ou t 30 M c/s ?

QUESTION No. 93 (IX)

Q U E S T IO N  N o . 94 (IX )

F A C S IM IL E  T R A N S M IS S IO N  O F  D O C U M E N T A R Y  M A T T E R  
O V E R  C O M B IN E D  R A D IO  A N D  M E T A L L IC  C IR C U IT S

T he C .C .I.R ., (L ond on , 1953)

. c o n s id e r in g  :

( a )  T hat increasing use is being m ade o f  facsim ile telegraphy for the transm ission  o f  docum entary  
m atter ;

(b )  T hat it is desirable to  standardise the characteristics o f  the facsim ile apparatus em ployed  
for  this purpose ;

(c )  T hat the C .C .I.T . has already undertaken the study o f  this m atter (Q uestion  N o . 46  - Arnhem  
refers) ;

u n a n i m o u s l y  d e c i d e s  that the fo llow in g  question  sh ou ld  be studied by the Joint 
Study G roup o f  the C .C .I.T . and the C .C .I.R . in  so  far as radio transm ission  
problem s are concerned :

W hat should  be the characteristics o f apparatus for  the transm ission  by facsim ile o f :

—  telegram s in the public telegraph service ;
—  business docum ents ;
—  docum ents o f  large size such as, for exam ple, m eteoro log ica l charts ?
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T R A N S M IS S IO N  O F  H A L F -T O N E  P IC T U R E S  O V E R  R A D IO  C IR C U IT S

T he C .C .I.R ., (L ond on, 1953)

CONSIDERING :

That, in  the transm ission o f  half-tone pictures over radio circuits, the direct frequency  
m odu la tion  o f  the radio carrier by the picture m odu lation  frequencies w ou ld  result in a greater 
signal-to-noise  ratio than i f  the m eth od  o f  sub-carrier frequency m odu la tion  were used ;

' u n a n i m o u s l y  d e c i d e s  that the fo llow in g  question should  b e  studied :

W hat are the desirable characteristics for a system  transm itting half-tone pictures over radio  
circuits, in  w hich direct frequency m odu lation  o f  the radio frequency carrier is used ?

QUESTION No. 95 (IX)

Q U E S T IO N  N o . 96 (IX )

M A IN T E N A N C E  P R O C E D U R E  F O R  W ID E -B A N D  R A D IO  S Y S T E M S

T he C .C .I.R ., (L ondon, 1953)

c o n s i d e r i n g  :

T hat the operation  o f  w ide-band radio relay system s w ou ld  be facilitated  by co-ordinated  
m aintenance procedures, sim ilar to  those in  existence for line netw orks ;

u n a n i m o u s l y  d e c id e s  th a t  th e  f o l l o w i n g  q u e s t io n  s h o u ld  b e  s tu d ie d ,  a s  a  fir s t  
s ta g e  in  th e  p r e p a r a t io n  o f  m a in t e n a n c e  p r o c e d u r e s  :

W hat are the quantities that m ust be m easured in  order to  m aintain  the quality o f  overall 
perform ance o f  radio links used in  in ternational netw orks, bearing in m ind accepted line practice ?

Q U E S T IO N  N o . 97 (IX )

H Y P O T H E T IC A L  R E F E R E N C E  C IR C U IT  F O R  W ID E -B A N D  R A D IO  S Y S T E M S

The C .C .I.R ., (L ondon, 1953)

c o n s i d e r i n g :

T hat the noise  perm issible in  a radio system  m ay be expected to  depend to  som e extent on  
the length o f  the system , and that it m ay, therefore, be desirable for design purposes to  specify  
a hypothetical reference circu it for radio system s analogous to  that specified by the C .C I .F . for  
coaxia l system s (C .C .I.F . Y e llo w  B o o k , Part IV , Paris 1949, pp. 3 9 -4 0 );
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u n a n i m o u s l y  d e c i d e s  that the fo llow in g  question should  be studied :

T he determ ination o f  a hypothetical reference circuit for  the design and specification o f  radio  
system s, the elem ents appropriate to  such a circuit and the proportions o f  the noise  pow er app ro
priate to  the com plete circuit in the various circuit elem ents.

S T U D Y  P R O G R A M M E  N o . 28 (IX ) *

W ID E -B A N D  R A D IO  S Y S T E M S  O P E R A T IN G  IN  T H E  V H F  (M E T R IC ), 
U H F  (D E C IM E T R IC ) A N D  S H F  (C E N T IM E T R IC ) B A N D S

(Q uestions N o s. 29 a n d  41)

T he C .C .I.R ., (G eneva, 1951)

CONSIDERING :

(a )  T hat w ide-band radio system s suitable for operation  in  the V H F  (m etric), U H F  (decim etric) 
and S H F  (centim etric) bands and for incorporation in  netw orks carrying telephone, broadcast 
program m es, telegraph and television  signals, present technical problem s o f  concern to  the
C .C .I.F ., the C .C .I.R . and the C .C .I.T . and in  particular to  the C .C .I.F . and the C .C .I.R . ;

(b )  T hat R ecom m end ation  N o . 40 ** approved by the V lth  Plenary A ssem bly o f  the C .C .I.R . 
concerning radio telephone system s operating in the V H F  (m etric), U H F  (decim etric) and  
S H F  (centim etric) bands is in  term s o f  an  objective to  be attained and that consequently  
it is necessary to  study m any technical problem s in  detail, in  order that su itable recom m end
ations m ay be given to  enable this objective to  be achieved in  specific cases ;

( c) T hat the best m ethod  o f  cooperation  betw een the tw o  C .C .I.s appears to  be based o n  the  
broad principle that those aspects o f  a g iven  problem  concerning on ly  one C .C .I. are dealt 
w ith  solely  by that C .C .I. w h ile those aspects w h ich  concern both  C .C .I.s are the responsib ility  
o f  the C .C .I. m ost concerned, the other C .C .I. being adequately represented at a ll discussions  
and m eetings ;

( d )  T hat, as described in C .C .I.R . D o c . N o . 188 o f  G eneva, som e studies have already been  
carried out by the C .C .I.F . ;

u n a n i m o u s l y  d e c i d e s  that the fo llo w in g  studies shall be carried out and that the 
appropriate steps be taken to  coord in ate  the w ork w ith the C .C .I.F . o n  the  
lines indicated below  :

1. Q uestions for study by the C .C .I.F .

T he overall transm ission  characteristics for the transm ission  o f  m ulti-channel telephone, 
broadcast program m e, telegraph and te levision  signals over land-line system s and over  

. integrated system s including line and radio.

2. Q uestions for study by the C .C .I.R .

T he studies referred to  in this section sh ould  be carried o u t for the V H F  (m etric), U H F  
(decim etric) and S H F  (centim etric) bands, and sh ou ld  include consideration  o f  the trans
m ission  o f  telephone, broadcast program m e, telegraph and television  signals. T hese studies  
m ay include consideration  o f  the fo llow in g  item s :

* This Study Programme does not refer to any Question under study. ■>
** Concerning Questions Nos. 29 and 41 see Doc. No. 423 o f Geneva.



2.1 T ransm ission characteristics o f  radio system s ;

2.2  R ad io  propagation , fading, diversity reception , n o ise  and interference ;

2.3 C onsiderations involved  in  choice  o f  sites for radio stations ;

2.4  M od u la tion  processes and m ethods o f  m ultip lexing ;
C onsideration sh ou ld  be given to  am plitude, frequency and pu lse m odu lation  and to  frequency  
and tim e d ivision  system s ;

2.5 R a d io  equipm ent (transm itters, receivers, relays, aerials and transm ission lines) ;

2 .6  M eth ods o f  m easurem ent on  the radio system  ;

3. Questions for study by the C.C.T.F. with C.C.I.R. representatives.

3.1 T he equipm ent at the radio term inals to  provide for connection  to  the land-line network.

3.2 The m erits o f  the several possib le  system s o f  m odu lation  and m ultip lexing in  respect o f  the 
effective integration  o f  line and radio system s ;

3.3 T he add ition  to , and w ithdraw al o f, channels from  a-relay system  at interm ediate stations ;

3.4 T ransm ission  characteristics required for the transm ission o f  m ulti-channel telephone, broad
cast program m e, and television  signals ;

3.5 T he provision  o f  land-lines for the supervision and m onitoring o f  radio system s ;

3.6 M onitoring and  basic principles o f  m aintenance and reliability  o f  radio relay links integrated  
in to  the general netw ork

3.7 M ethods o f  m easurem ent o n  overall line  and  radio system s.

4. Questions for study by the C.C.I.R. with C.C.I.F. representatives.

4.1 Supervisory and m onitoring facilities*on  radio system s ;

4 .2  T he percentage o f  tim e during w hich  the required transm ission  characteristics can be expected  
to  be m et for  telephone, broadcast program m e, telegraph and television  signals.

N ote .  —  In  the above Study Program m e an attem pt has been m ade to  outline the overall 
studies required, and w hile it is appreciated that these studies are a m atter o f  som e urgency it 
m ust be understood  that in several respects the proposed  studies are o f  the long-term  type and  
that on ly  w ith advances in  the developm ent o f  radio relay system s on w aves o f  V H F  (m etric), 
U H F  (decim etric) and S H F  (centim etric) and w ith m easurem ents o f  their perform ances w ill the  
necessary in form ation  becom e available.
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Questions and Study Programmes 
assigned to Study Group No. X

Q U E S T IO N  N o . 23 (X)

H IG H  F R E Q U E N C Y  B R O A D C A S T IN G  

D irectional A ntenna System s

('Stockholm , 1948) 

The reasons which just ify  the fo l low ing  question are given in the annex.

It w ill be appropriate to  organise the com pilation  o f  statistical m easured results from  
antennae o f  different types in various parts o f  the w orld, in  respect o f  the signal la id  dow n by the  
m ain beam  and subsidiary lobes, and the am ount o f  scattering in  unw anted  directions.

T he C .C .I.R .,

u n a n i m o u s l y  d e c i d e s  that the fo llow in g  question  be studied :

W hat are the m ethods by w hich  the form ation  q f strong subsidiary lobes can  be avoided , 
particularly w hen the directional antenna system s are fed asym m etrically  to  produce a slew  o f  
the m ain  beam  ? *

A N N E X

T he characteristics o f  directional antenna system s used in  broadcasting have been very 
com pletely  studied from  theoretical aspects, and a num ber o f  experim ental investigations have  
been undertaken by various bodies on  the actual m easured perform ance *.

W ith a suitably designed antenna the pow er radiated in unw anted directions can be reduced  
to  a  sm all proportion  o f  the pow er radiated in  the w anted direction. A n  aerial system  with  
reflector having an aperture o f  tw o w avelengths should  have a radiation  at 25° o ff the m ain  beam  
reduced 16 db below  the m ain radiation field. A t 40° o ff the m ain beam  the rad iation  should  
be reduced to  35 db below  the m ain radiation path . T ests'h a v e  been m ade as to  the actual 
reception at distant points at places w hich are o ff the m ain radiation  beam . T hese sh ow , how ever, 
that the field at such reception poin ts is o ften  in  excess o f  the expected  field predicted from  the 
pow er radiated in the given direction.

* “ The Measured Performance of Horizontal Dipole Transmitting Arrays ” , by H. P a g e , J.I.E.E., 92, Part III, No. 18, 
June 1945.

Radio Engineering, by E.K. S a n d e m a n , Chapman & Hall, page 674.
“ The Empire Service Broadcasting.Station at Daventry ” , by L.W. H a y e s  and B.N. M a c L a r t y , J.I.E.E., 85, No. 513, 

September 1939.
“ Aerial Characteristics ” , by 'N . W e l l s , J.I.E.E., 89, Part III, No. 6, June 1942.
Restricted Range Sky Wave Transmission, by J.E. H a c k e  Jr. and A .H .  W a y n i c k , Elec. Eng. Dept., Pennsylvania State 

College, P .A .  U.S.A.
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T hese abnorm al signal strengths presum ably result from  a field w hich is a  com bination  o f  
a direct radiation  in  the given direction , and indirect radiation  due to  scattering o f  the m ain  beam  
on reflection. M easurem ents o f  this ph en om en on  w ou ld  clearly take a very considerable tim e, 
and cou ld  on ly  be properly evaluated o n  a statistical basis. It appears possib le, that the lim itation  
to  frequency sharing m ay be the scattering o f  the m ain  beam  o f  radiation.

It w ill, how ever, alw ays be o f  utility  to  reduce the pow er radiated in  unw anted directions and  
particularly in  the subsidiary lobes o f  an  antenna system .

Further study o f  this question  is recom m ended, and in  particular it is recom m ended that 
atten tion  be g iven  to  the developm ent o f  m ethods o f  avoid ing the production  o f  subsidiary  
radiation lobes under the cond itions w hen a directional antenna is asym m etrically fed in  order  
to  produce a slew  o f  the m ain lob e  o f  radiation.

Q U E S T IO N  N o . 37 (X) *

H IG H  F R E Q U E N C Y  B R O A D C A S T IN G  

Justifica tion  fo r use o f m ore th an  one frequency per program m e

(G eneva, 1951)

T he International H igh F requency B roadcasting C onference, M exico  City, 

c o n s i d e r i n g :

T hat it has n ot been possib le to  m ake a com plete  study o f  a num ber o f  questions m entioned  
in the R eport o f  the C om m ittee on  T echnical Principles and Standards (D oc. N o . 635 **) ;

d r a w s  t h e  a t t e n t j o n  o f  the C .C .I.R . to  the technical data conta ined  therein  
and r e q u e s t s  the C .C .I.R . to  undertake the further study o f  the fo llow in g  
questions :

T he technical cond itions under w hich, because o f  the urgent need for econ om y in the use  
o f  frequencies for  broadcasting, it w ou ld  be possib le  to  justify the use o f  m ore than one  
frequency for the transm ission  o f  one program m e to  one reception area. T his study should  
be lin ked  w ith  a study o f  the question o f  an appropriate definition o f  “ geom etric reception  
area ” .

S T U D Y  P R O G R A M M E  N o . 71 (X) ***

H IG H  F R E Q U E N C Y  B R O A D C A S T IN G

Justifica tion  for use o f m ore th an  one frequency per program m e

(Q u estio n  N o . 37 (X))
T he C .C .I.R ., - , (L ond on , 1953)

CONSIDERING I

( a )  T hat there are technical cond itions w h ich  w ou ld  justify  the use Of m ore than  one frequency  
for the transm ission  o f  one program m e to  one reception  area ;

* Study Programmes Nos. 71 (X) and 72 (X) arise from this Question.
** O f Mexico.

***T his Study Programme arises from Question N o. 37 (X).
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(b )  T hat the conditions for the use; o f  one or m ore frequencies for one reception  area could
possib ly  be determ ined by using an overall reliability factor, for instance, such as that su g
gested in A nn. B  o f  D o c . N o;, 188 (L ondon) ;

d e c i d e s  that the fo llow in g  studies should  be carried out :

1. T he possib ility  o f  the use off an-experim ental m eth od  o f  using an overall reliability index  
under actual conditions o f  operation .

A dm inistrations and operating agencies should  co llect necessary data for com parison  w ith  
any o f  the existing m ethods used fo r  se lection  o f  frequencies. T he study sh ou ld  take in to  
account and fu rn ish  in form ation  on  :

—  signal strength m easured or reported according to the in ternationally  adop ted  cod e  ;
—  fading, noise, interference and overall m erit estim ated according to  the internationally  

adopted  m ethod  ;
—  type o f  transm itting aerial used , its electrical characteristics and  polar diagram  ;
—  pow er radiated ;
—  location  o f  the m easuring position  relative to  the area to be served ;
—  type o f  receiver and aerial used and their perform ance characteristics.

2. M ethods o f  subjective tests, including those under practical listening cond ition s, and their 
correlation w ith objective, m easurem ents.

S T U D Y  P R O G R A M M E  N o . 72 (X) *

H IG H  F R E Q U E N C Y  B R O A D C A S T IN G  

U se o f synchronized transm itte rs

(Q u estio n  N o . 37 (X))

T he C .C .I.R ., ' (G eneva, 1951 —  L ond on , 1953)

CONSIDERING :

T hat the inform ation obtained under Study Program m e N o . 30 and em bodied  in  R eco m 
m endation N o . 137 is incom plete ;

u n a n i m o u s l y  d e c i d e s  that the fo llow in g  studies should  be carried o u t :

T o  determ ine experim entally whether satisfactory reception can be obtained  w hen tw o H F  
(decam etric) broadcasting transm itters, carrying the sam e program m e, are :

1. A t  the sam e site, driven by the sam e-oscillator, and having reception  areas that overlap and  
are at distances from  the transm itters greater than 1500 km  ;

2. A t different sites ; in  this case, the study should  include reception at all d istances in  areas 
b oth  overlapping and non-overlapping, and should  cover cond itions in w h ich :

—  the transm itters are synchronized as accurately as possib le (m ethods o f  ach iev ing  this 
and o f  ensuring correct phasing sh ou ld  be taken into  consideration) ;

—  the difference betw een the frequencies o f  the tw o transm itters is constan t and o f  the order  
o f  5 to  20 c /s, the audio-frequency phasing being correct,

* This Study Programme arises from Question N o. 3.7 (X).
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H IG H  F R E Q U E N C Y  B R O A D C A S T IN G  

Conditions fo r sa tisfac to ry  reception

(G eneva, 1951)

T he International H igh  F requency B roadcasting Conference, M exico  C ity,

CONSIDERING I

T hat it has n o t been possib le  to  m ake a com plete study o f  a num ber o f  questions m entioned  
in the R ep o r t  o f  the C om m ittee  on Technical Principles and Standards  (D oc . N o . 635 **) ;

d r a w s  t h e  a t t e n t i o n  o f  the C .C .I.R . to  the technical data conta ined  therein  
and r e q u e s t s  the C .C .I.R . to  undertake the further study o f  the fo llow in g  
q u estio n s:

T he technical and practical questions, such as the desirable m odu lation  bandw idth, fading, 
and  the various form s o f  d istortion , related to  the subjective aspects o f  quality  o f  reception.

In m aking this study, particular atten tion  sh ou ld  be given to  the question  o f  the corrections 
that sh ou ld  be m ade to  take accou nt o f  lo n g  and  short term fad ing in  determ ining :

(a )  T he average level o f  the signal necessary to  ensure satisfactory reception in  the presence  
o f  n o ise  or other interference having a fixed l e v e l ;

(h)  T he average level o f  the signal necessary to  ensure satisfactory reception  in  the presence 
o f  atm ospheric noise  ;

( c )  T he ratio required betw een the average levels o f  wanted and  unw anted signals.

QUESTION No. 39 (X) *

S T U D Y  P R O G R A M M E  N o . 73 (X) ***

H IG H  F R E Q U E N C Y  B R O A D C A S T IN G  

C onditions fo r sa tisfac to ry  reception

(Q u estio n  N o . 39 (X))

T he C .C .I.R ., (L ond on , 1953)

c o n s i d e r i n g  : '

(a )  T hat the International H igh F requency B roadcasting C onference, M exico  C ity, requested  
the C .C .I.R . to  undertake further study o f  the technical and practical questions related to  
the subjective aspects o f  quality  o f  reception , such as : the desirable m odu lation  bandw idth, 
fad ing , and the various form s o f  d istortion  ;

( b )  T hat it is desirable to  estab lish  a m ethod  o f  assessing the overall index o f  quality  o f  the received  
signal, taking in to  accou nt those factors that depend on  the cond itions o f  propagation  and  
characteristics o f  listen ing, but disregarding factors depending on the, quality o f  the 
transm itting and receiving e q u ip m e n t; ■ :

* Study Programme No. 73 (X) arises from this Question.
** O f Mexico.

*** This Study Programme arises from Question No. 39 (X).
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u n a n i m o u s l y  d e c i d e s  that the fo llow in g  studies should  be carried o u t :

1. T he value that can be assigned to  an acceptab le ratio o f :

—  signal to atm ospheric noise,
—  signal to  “ noise from  electrical equipm ent ” ,
—  signal to  “ interfering signals ”  ;

ind icating how  the m ethod  o f  m easurem ent o f  these factors takes in to  accou nt subjective  
aspects o f  the problem  and their variations w ith  tim e ;

2. T he values that can be assigned for m aking appropriate a llow ances for  fading, tak ing in to  
account depth o f  fading, frequency o f  fading and frequency selective fad ing and  their statistical 
distribution, taking also in to  account subjective factors encountered in  reception . T he study  
should', include the determ ination o f  the im portance o f  such factors and their variation  w ith  
tim e ;

3. T he p ossib ility  o f  assigning values to  the m axim um  tolerable group delay for any com ponent 
o f  a  received high-frequency signal, taking in to  accou nt subjective factors, and  the variation  
w ith  tim e o f  such delays. T he study should  include the determ ination o f  the im portance  
o f  such factors and their acceptable values ;

4. Effect o f  m odulation  depth on the d istortion  caused by fad ing or group delay and  values 
that m ight be assigned to  a desirable m odu lation  depth to  keep the d istortion  w ithin  tolerable  
lim its ;

5. T he usefulness o f  attem pting to  com bine any o f  the above factors in to  a single ind ex  o f  quality  
o f  reception  and the m anner o f  specifying such an index (see L o n d on  D o c . N o . 185) ;

6. T he possib ility  o f  establishing the relative im portance o f  the factors in § 1 , 2  and 3, so  that, 
for  exam ple, excessive pow er is n o t used in  an attem pt to  achieve an acceptable signal-to-noise  
ratio w hen the signal m ay already be unacceptable because o f  selective fading.

Q U E S T IO N  N o . 98 (X )

H .F . (D E C A M E T R IC ) B R O A D C A S T IN G  

M odification  o f receivers fo r closer spacing between ca rrie r  frequencies

T he C .C .I.R ., (L ond on , 1953)

c o n s i d e r i n g  :

(a )  T he urgent need to  econ om ise in the use o f  the radio spectrum  ;

(b )  T he fact that in the present state o f  the broadcasting art it has been fou n d  necessary to  
conclude the study o f Q uestion  N o . 62 ;

d e c i d e s  that the fo llow in g  questions sh ou ld  be studied :

1. W hat m odifications w ou ld  be necessary in the design o f  H F  (decam etric) broadcast receivers 
to  perm it reduced frequency spacing betw een double  sideband transm issions w ith ou t  
appreciably degrading the subjective quality o f  reception  under practical cond ition s ?

2. H o w  cou ld  such m odifications be introduced in to  :

■— existing receivers ?
—  new  receivers ?

Note .  —  I f  th e  results obtained from  the study o f  th is Q uestion by Study G rou p N o . X  
prove positive, the further detailed study o f  receiver design w ill be carried o n  in  conjun ction  with  
Study G roup N o . II.
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F R E Q U E N C Y  M O D U L A T IO N  B R O A D C A S T IN G  
IN  T H E  V H F  (M E T R IC ) B A N D

The C .C .I.R ., (L ondon, 1953)

CONSIDERING :

( a )  T he increasing exten t to  w hich the V H F  (m etric) band is being used for frequency-m odulation  
sound broadcasting ;

(b )  T hat the degree o f  adjacent channel interference w ill be influenced by the m axim um  frequency  
d eviation  and  the pre-em phasis characteristic used ;

(c )  T he im portance o f  arriving at practical values for the co-ch annel and adjacent ch an n el 
protection  ratio required for  such transm issions ;

u n a n i m o u s l y  d e c i d e s  that the fo llow in g  questions sh ould  be studied : ,

1. W hat characteristics are currently used or are being considered for F .M . sou nd  broadcasting  
in  the V H F  (m etric) band ?

—  for m axim um  frequency deviation ?
—  for the pre-em phasis characteristic ?

2. W hat protection  ratio is required for F .M . sou nd broadcasting in  the V H F  (m etric) band ?

3. W hat values o f  field-strength are required for satisfactory reception  o f  F .M . sou nd broad
casting in the V H F  (m etric) band ?

QUESTION No. 99 (X)

Q U E S T IO N  N o . 100 (X)

S O U N D  R E C O R D IN G  O N  F IL M  F O R  T H E  IN T E R N A T IO N A L  E X C H A N G E  
O F  T E L E V IS IO N  P R O G R A M M E S

T he C .C .I.R ., (L ondon, 1953)

CONSIDERING :

(a )  T he increasing interest in  the interchange o f  p icture/sound recordings on  film  for television  ;

( b )  T hat m eth ods and characteristics for  the types o f  sound recording used for this purpose  
are n o t included in  existing C .C .I.R . R ecom m endations or Q uestions ;

u n a n i m o u s l y  d e c i d e s  that the fo llow in g  question should  be studied :

W hat m eth od  or m eth ods should  be used for the sound recording o f  com posite  sound and  
v isio n  program m es used  for  the international exchange o f  te levision  program m es on  film  and  
to  w hat technical characteristics should  this m eth od  or these m ethods conform  ?
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S T A N D A R D S  O F  S O U N D  R E C O R D IN G  
F O R  T H E  IN T E R N A T IO N A L  E X C H A N G E  O F  P R O G R A M M E S

(Q uestion  N o . 42)

T he C .C .I.R ., (G eneva, 1951 —  L on d on , 1953)

d e c i d e s  that the fo llow in g  studies should  be carried out :

1. Investigation o f  m ethods for  m easuring “ w ow  ” and “ flutter ”  for both  disc and  m agnetic  
tape recording and reproducing, and o f  the values w hich m ay be a llow ed.

M eanw hile, any quoted  values o f  “ w ow  ”  and “ flutter ”  should  be accom panied  by a 
statem ent o f  the m eth od  o f  m easurem ent used, together w ith  a statem ent o f  any frequency  
w eighting that has been used, and whether the values are peak, peak to  peak, m ean or r.m .s.

2. Further study o f  d isc recording, and reproducing, styli.

3. Further investigation o f  m ethods o f  absolu te m easurem ent o f  the characteristics o f  the signal 
recorded on  a m agnetic tape in  order to  define and m easure, over as w ide a range o f  w ave
lengths on the tape as possib le, the absolu te level o f  a recorded signal independently o f  the  
particular m agnetic properties o f  each type o f  tape.

T o  facilitate the practical app lication  o f  standardization o f  m agnetic recording, the m em bers 
o f  the C .C .L R . sh ould  carry ou t before the 1st July 1954, a system atic exchange o f  test tapes 
recorded according to  the standards g iven in  R ecom m end ation  N o . I l l  and com m unicate  
the results o f  these com parisons to  the D irector o f  the C .C .I.R . for  earliest possib le  publication .

4. Further investigation  o f  the technique o f  sound record ing to  extend and im prove the recom 
m endations already m ade.

STUDY PROGRAMME No. 74 (X) *

* This Study Programm e replaces Study Programme N o. 31- Tt does not refet to any Question under study.



— 351 —

Questions and Study Programmes 
assigned to Study Group No. XI

S T U D Y  P R O G R A M M E  N o .  3 2  ( X I )  *

T H E  R E Q U IR E M E N T S  F O R  T H E  T R A N S M IS S IO N  
O F  T E L E V IS IO N  O V E R  L O N G  D IS T A N C E S  **

( Q u e s t i o n  N o .  4 0 )

T he C .C .I .R ., (G eneva,' 1951)

CONSIDERING :

(a )  T hat it  is necessary to  transm it television  signals over lon g  distances ;

(b )  T hat the C .C .I.F . needs in form ation  u p o n  w hich  to  p lan  circuits ;

u n a n i m o u s l y  d e c id e s  that the fo llow in g  study shall be carried out :

D eterm ination  (see A nn. II) o f  the values and tolerances for the fo llow in g  factors for  the 
satisfactory transm ission  o f  television  signals over lon g  distances :

A . Input an d  outpu t impedance o f  the transm ission circuit 

V alue, w hether balanced or unbalanced, tolerance.

B. P o la r ity  o f  signal

P olarity and w hether A .C . or D C .

C. A m plitude  o f  signal

V alue from  peak  w hite to  tip :o f  synchronizing pulses. •

D . P icture  signal to synchronizing signal ratio

V alue to  be used for  feed ing in to  and ou t o f  transm ission  circuit.

E . N on lin earity  •

T he to lerab le change o f  slope o f  the outp ut-to-inp ut am plitude characteristic.

F . S ta b ility  o f  overa ll transm ission circuit

T he to lerable change o f  overall gain at a reference frequency over : ■

(a )  short periods, e.g. o f  1 second,

(b )  m edium  periods, e.g. o f  1 hour  

f c )  lo n g  periods, e.g. o f  1 m onth  ;

* This Study Programme does not refer to any Question under study.
** See 'draft Report, p. 268.
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G . Signal-to-noise ratio

T he tolerable signal-to-noise  ratio for :
(a )  random  uniform  noise,
(b )  period ic noise,
(c )  im pulsive n o is e ;

In order to  sim plify the com parison o f  the results o f  the tests carried out in  the various 
countries, it is suggested that the ratios sh ould  be quoted  in db and that the ratio should  
be :

peak-to-peak value o f the picture signal 

peak-to-peak value o f the noise

and the synchronizing signal should  n ot be considered as being part o f  the picture signal. 
It should  be understood  that the ratio can  be m easured in  other term s and a suitable  
correction factor applied ; in this case the correction factor sh ou ld  be stated, for  exam ple  
the crest factor in  the case o f  random  uniform  noise  ;

H . A ttenuation  and phase characteristics  

T he lim its w hich can be a llow ed  on  :
(a )  the attenuation frequency characteristic,
(b )  the phase frequency characteristic,
(c )  the transient resp o n se* .

A N N E X  I

P r o p o s a l s  o f  t h e  C .C .I.F . f o r  t h e  T r a n s i e n t  T e s t s

TO BE MADE ON TELEVISION SYSTEMS 

It is proposed  that the fo llow in g  tw o types o f  recurrent pu lses sh ou ld  be used  :

(a )  A  square wave  o f  fundam ental frequency equal to  the v ision  field-frequency, and  o f  unity  
m ark/space ratio, for  the purpose o f  ind icating the w aveform  d istortion  w hich  corresponds 
to  attenuation/frequency and phase/frequency distortions in the low er part o f  the effectively  
transm itted frequency range ;

(b )  A  sine-squared ( or ra ised  sine) pulse, o f  repetition  frequency equal to  the v ision  line-frequency. 
T his pulse is intended to  ind icate attenuation and phase d istortions in  the upper part o f  the  
frequency range. Its half-am plitude w idth  should  be equal to  one h a lf o f  the period  corres
pon ding  to  the nom inal upper cut-off frequency o f  the te levision  system .

R em ark. —  T he line and field synchronising signals m ay possib ly  be inserted in betw een  
tw o such pulses, i f  it is desired to  use the sam e tim e bases in  the cathode ray oscillo scopes used  
for these tests and in those em ployed  for m onitorin g  the te levision  transm ission .

A N N E X  II

G e n e r a l  R e q u ir e m e n t s  f o r  a  405 L in e  
3000 kc/s V id e o  B a n d  S y s t e m

T he figures in this A n n ex  are g iven  m erely for inform ation and do n o t  represent a transm ission  
specification.

A . Input and outpu t im pedance o f  the transm ission circuit

75 ohm s unbalanced and  a return loss o f  n o t less than 30 db at any frequency betw een  
10 kc/s and 3000 kc/s ;

* For the transient response study, attention is drawn to the proposals made by the C.C.T.F. and reproduced in Annex I.
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B. P o la r ity  o f  signal

T he video signal for transm ission  to  line has positive  polarity ; i.e. its am plitude w ill increase  
in  proportion  to  the brillance o f  the corresponding po in t o f  the picture. The D .C . com ponent  
is n o t transm itted ;

C. Sign al am plitude

A b o u t 1 v o lt peak-to-peak ;

D . P icture signal to synchronizing signal ratio  

A b o u t 70 /30  ;

E. N on linearity  >

F o r  the com plete  signal from  the tip o f  the synchronizing pulse to  peak w hite, slope should  
n o t vary m ore than 0.9 to  1.1, relative to  the id e a l ;

F . S ta b ility  o f  overall transm ission circuit

(a )  ± 0 .3  db,
( b )  ± 0 .5  db,

"(c) ±  2 d b ;

G . Signal-to-noise ratio

(a )  45-50 db,
(b )  40-55 db, depending u p on  frequency,
(c )  35-40 db, i f  n o t m ore than one pu lse in  a 10 second period ;

H. A ttenuation  and  phase characteristics

(a )  flat to  w ithin  ±1 db, and free from  num erous and m arked changes o f  slope from  
20 c/s to  3000 kc/s,

(b )  substantially  linear and free from  num erous and m arked changes o f  slope ; variation  
o f  group delay betw een 200 kc/s and 3000 kc/s sh ou ld  n ot exceed a value o f  about
0.1 m icrosecond for a 100 kc /s interval,

( c )  0 .16  m icrosecond for 10 to  9 0 % * .

Limits fo r  overshoot and echoes *

Time after response has reached 50% 
ideal amplitude

Limits o f rapid variation o f response 
% of ideal amplitude

0.2  to 0.5 m icroseconds
0.5 to 1.0 m icroseconds
1.0 m icrosecond  or longer

±  4 
± 1 
±  0.5

Q U E S T I O N  N o .  6 4  ( X I )  * *

T E L E V IS IO N  S T A N D A R D S
T he C .C .I.R ., (G eneva, 1951)

CONSIDERING :

( a )  T hat the interchange o f  te lev ision  program m es betw een countries is desirable ;

(b )  T hat the interchange o f such program m es should  be done in  an econ om ica l m anner ;

* Using a square waveform with a rise time of 0.1 microsecond.
** Study Programmes Nos. 33 (XI), 34 (XI), 35 (XI), 36 (XI) and 37 (XI) arise from this Question.
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(c )  T hat the econ om ical interchange o f  television program m es w ou ld  be facilitated  by the  
adoption  o f  agreed standards for certain characteristics o f  transm issions ;

(d )  T hat technical standards should  be coord inated , insofar as possib le , to  perm it such inter
change to  facilitate the utilization  o f  receiving equipm ent, and to  m in im ize m utual inter
ference betw een television  services ;

( e) T hat the ad op tion  o f  such standards w ill result in  the m ost rapid expansion  o f  the television  
service, by m aking m ore readily available a wider variety o f  program m es and, in add ition , 
giving a reduction  in  program m e costs ;

( f )  T hat it is desirable that w orld-w ide agreem ent be obtained on  those standards w hich w ou ld  
perm it interchange o f  program m es, both  direct and recorded ;

(g )  T hat the interchange o f  program m es w ill be effected by radio relay and  cable links for direct 
program m es, and by film  for recorded program m es. W ith  interchange betw een different 
linguistic groups the sound channel characteristics are o f  secondary im portance, and prim ary  
attention  needs to  be p laced o n  the v ision  s ig n a l ;

(h )  T hat the question  o f  program m e interchange is also  linked w ith  the desirable technical 
characteristics necessary to  provide :
1. a satisfactory service in the hom e at reasonable cost,
2. a  reasonable service in  the hom e at m inim um  c o s t ;

( i)  T hat in  consideration  o f  these problem s account should  be taken o f  the fo llow in g  factors :
1. the availab le bandw idth a llocated  to  te lev ision  is lim ited,
2. im portance is to  be attached principally to  the co st o f  receivers rather 'than that ■ o f

transm itting equipm ent,
3. the proposed  standards should  n o t preclude in  due course the possib ility  o f  reception , 

by the add ition  o f  a su itable frequency converter, o f  the fo llo w in g  :
m onochrom e pictures o n  a “ b lack and w hite ”  receiver o f  the transm issions from  
a “ co lour ” transm itter,
m onochrom e pictures o n  a “ co lour ”  receiver o f  transm issions from  a “ black  
and w hite ”  transm itter ;

( j)  T hat the ad op tion  o f  transm ission standards on  as w ide a basis as possib le  w ill result in  
the m ost rapid expansion  o f  the television service, in  that it w ill facilita te  the production  
o f  receivers at low er c o s t ;

(k )  T hat a factor o f  prim e im portance in  arriving at w orld standards is th e  problem  o f  operating  
a television  service in  w hich the fram e repetition  rate is n o t integrally  related to  the pow er  
supply frequency ;

(I) T hat it  is inevitable that there w ill be  considerable channel sharing in  the existing television  
bands, and therefore, in  view  o f  lon g  distance propagation  effects, it is desirable that the  
standards proposed  should  be such as to  m inim ize interference betw een stations ;

RECOMMENDS :

T hat there be undertaken the study of, and pu b lication  o f  R ecom m end ation s o n  the te c h n ic a l. 
factors w hich w ou ld  assist in  achieving :

—  interchange o f  program m es o n  the w idest possib le  scale,
—  coord in ation  o f  standards to  perm it the use o f  a  receiver o n  transm issions differing in  

a m inor degree.
T he factors w h ich appear o f  m ajor im portance are :

1. F or  the interchange o f  direct program m es :
(a )  fram e repetition  rate ;
(b )  fram e interlacing ;
(c )  num ber o f  lines ;
(d )  aspect ratio.
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(a )  the program m es sh ou ld  be recorded in  such a m anner as to  m ake them  capable o f  
being reproduced on  standard 35 or 16 m m  m o tio n  picture sou n d  e q u ip m e n t;

(b )  the effects o f  pattern interference due to  transm ission  o f  a  film  o n  a television  system  
having a different num ber o f  lines from  that o n  w hich  the film  w as recorded ;

A m o n g  other factors w h ich  should  be studied to  perm it interchange o f  receivers are the  
fo llow in g  :

(a )  polarity o f  m od u la tion  for v ision  s ig n a l ;

(b )  d istribution o f  channels in  the availab le spectrum  space ;

(c )  relative frequencies o f  sou nd and v ision  carriers and the position in g  o f  these carriers 
and associated  sidebands w ithin  the c h a n n e l;

(d )  type o f  v ision  transm ission , e.g . double sideband, single sideband, etc. ;

(e )  type o f  m o d u la tion  o f  sou nd  c h a n n e l;

( f )  form  o f  synchronizing s ig n a l ;

(g )  non-in tegral relationsh ip  betw een fram e repetition  rate and  pow er frequency.

N o te s :

1. Several o f  the p o in ts (a )  to  ( f )  are referred to  in  qu estion  N o . 25.

2. It is realised that due to  certain technical factors such as different pow er supply frequencies 
and different frequency a llocations to  television  in  the various regions, w orld-w ide  
standardisation m ay be delayed for  a considerable tim e, but in  view  o f  the rapid develop
m ent expected  for  te lev ision  in  the next few  years urgent a tten tion  should  be g iven to  
the so lu tion  o f  the problem s on  as w ide a geographical basis as possib le , w ith  a view  
to  the early form u lation  o f  agreed standards.

3. It is recom m ended that in  respect o f  the characteristics o f  international circuits for  
. te lev ision  program m e transm issions the C .C .I.F . should  coord in ate  its w ork w ith  that

o f  the C .C .I.R .

2. For the interchange of recorded programmes :

S T U D Y  P R O G R A M M E  N o .  3 3  ( X I )  *

T E L E V IS IO N  F IE L D  F R E Q U E N C Y

( Q u e s t i o n  N o .  6 4  ( X I ) )

The C .C .I.R ., (Geneva, 1951)

CONSIDERING :

(a) T hat two different values of field frequency are in use in various television systems ;

(b) That it is desirable to  determine the lower limit o f field frequency for satisfactory performance, 
in relation to  the properties of long-persistence phosphors ;

u n a n i m o u s l y  d e c id e s  that the following studies should be carried o u t :

1. The relation between maximum brightness and field frequency for absence of flicker, for field 
frequencies o f the order o f 50 to  60 fields per second, taking into account the decay time of 
the different colours ;

* This Study Programme arises from Question N o. 64 (XI).
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2. In considering the perceptible and tolerable cond itions o f  flicker, particular atten tion  should  
be given to  the effect o f :

—  a w ide range o f  am bient illum inations fa lling  at various angles o f  incidence u p on  the  
view ing screen

—  the use o f  neutral density filters over this range o f  am bient illum inations ;
—  the use o f  long-persistence phosphors providing nom inally  w hite l ig h t ;

3. In  the event o f  these phosphors com prising com ponents o f  different co lou rs, the effect o f  
co lou r fringing should  be investigated and, in any event, the subjective sharpness o f  im ages  
in m otion' should  be determ ined.

S T U D Y |P R O G R A M M E  N o .  34  (X I )  *

PIC T U R E  A N D  S O U N D  M O D U L A T IO N

(Q u e s t io n  N o .  6 4  (X I ) )

T he C .C .I.R ., (G eneva, 1951)

u n a n i m o u s l y  d e c id e s  that the fo llow in g  study shall be carried ou t :

T he respective advantages and disadvantages o f  positive  and negative picture m odulation  
and o f  am plitude and frequency sound m odu lation  tak ing in to  accou nt the fo llow in g  poin ts :

—  effect o f  n o ise  o n  picture ;
—  effect o f  noise  o n  synchronisation  ;
:— autom atic gain c o n tr o l;
—  inter-carrier sou nd  reception.

S T U D Y  P R O G R A M M E  N o .  35  (X I )  *

R E D U C T IO N  OF TH E B A N D W ID T H  F O R  T E L E V ISIO N

(Q u e s t io n  N o .  6 4  (X I ))

T he C .C .I.R ., (G eneva, 1951)

c o n s i d e r i n g :

(a )  T he great technical or financial difficulty encountered in  obtain ing the required bandw idth  
in  transm iting television  signals, both  in broadcasting and in  transm ission  over interm ediate  
Jinks ;

(b )  T he potentia l value o f  various techniques, such as dot-interlace or rapid-transition (“ crispen- 
ing  ” ) circuits in  im proving the resolution o f  te lev ision  im ages w ithou t increasing the band
w idth  ;

(c )  T he possib ility  o f  reducing flicker by the use o f  long-persistence phosphors ;

. * This Study Programme arises from Question No. 64 (XT).
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u n a n i m o u s l y  d e c id e s  that the fo llow in g  studies shall be carried o u t :

1. T he m eth ods w hich can be used to  reduce the bandw idth occupied by the transm ission
and broadcasting o f  a television  picture w ithou t reducing the p ic tu re . quality, especially
its sharpness ;

2. T he possib ility  o f  transm itting a standard signal from  poin t to po in t by converting that
signal in to  an interm ediate signal (e .g ., the dot-interlace type o f  signal), the bandw idth  o f
the interm ediate signal being sm aller than that o f  the term inal signal ;

3. T he effect o f  the field frequency and the use o f  long-persistence phosphors on  inter-dot 
flicker and inter-dot crawl.

S T U D Y  P R O G R A M M E  N o . 36 (X I) *

C O N V E R SIO N  O F A T E L E V ISIO N  SIG N A L  F R O M  O N E  ST A N D A R D
TO  A N O T H E R

(Q u estio n  N o . 64 (XI))

T he C .C .I .R ., ' (G eneva, 1951)

u n a n i m o u s l y  d e c id e s  that the fo llo w in g  studies shall be  carried o u t :

M eth ods o f  converting a television  signal from  one standard to  another :

— w hen  the field frequency is identical in the tw o standards, but the num ber o f  lines differs ;
—  w hen  b o th  field frequency and num ber o f  lines are different in  the tw o standards.

S T U D Y  P R O G R A M M E  N o . 37 (X I) *

B L A C K -A N D -W H IT E  A N D  C O L O U R  T E L E V ISIO N

(Q uestion  N o . 64 (X I))

T he C .C .I.R ., (G eneva, 1951)

c o n s i d e r i n g  :

(a )  T hat m any countries w ill introduce a colour system  after having an established black-and- 
w hite system  in  operation  ;

(b )  T hat a num ber o f  alternative system s o f  co lou r  te lev ision  have been proposed  ;

(c )  T hat factors w hich w ill influence the choice  o f  a co lour system  will include :

—  picture quality,
—  the co st o f  receivers and possib ly  converters, ■
—  bandw idth ; '

* This Study Programme arises from Question N o. 64 (XI).
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(d )  T hat w here a black-and-w hite system  is already in  operation  the foregoing  considerations  
w ill be affected by the need to  avoid  m aking existing receivers ob so lete , and to  avoid  
increasing unduly the program m e costs ;

u n a n i m o u s l y  d e c id e s  that the fo llow in g  study shall be carried o u t :

A scertain  w hat m ethods can  be used to  achieve the best com bination  o f  b lack-and-w hite  
and o f  co lou r  television isystems, from  the p o in t o f  v iew  o f  picture quality, program m e cos+s and  
the co st o f  receivers or converters.

Q U E S T IO N  N o , 65 (X I) *

A S S E S S M E N T  O F T H E  Q U A LIT Y  O F T E L E V ISIO N  PIC T U R E S

(Q uestion  N o . 64 (X I))

T he C .C .I.R ., (G eneva, 1951)

CONSIDERING :

(a )  T hat appreciable discrepancies m ay exist betw een different experts’ assessm ents o f  the  
quality o f  the pictures g iven by the television  system s n o w  in  use or p roposed  ;

(b )  T hat these discrepancies are to  be attributed to  the fact that it  is usually  im possib le  to  obtain  
sim ultaneous view ing o f  the pictures under com parison, to  possib le  variations in  quality  
betw een apparatus nom inally  using the sam e system  and to  a lterations that m ay occur w ith  
tim e in  the characteristics o f  the equipm ent used ;

(c )  T hat consequently it w ou ld  be em inently desirable to  have som e standard m eth od  o f  gauging  
or even  m easuring television  picture quality w hich w ou ld  perm it objective com parison  o f  the  
results obtained in  different p laces and w ou ld  serve as a  guide to  the efficient and  uniform  
w orking o f  the equipm ent in  service ;

u n a n i m o u s l y  d e c id e s  that the fo llow in g  question  shall be studied  :

T he developm ent o f  standardized m ethods o f  accurately and objectively assessing the quality
o f  the pictures given by television  system s.

S T U D Y  P R O G R A M M E  N o . 75 (X I) **

M E A SU R E M E N T  O F TH E  Q U A L IT Y  O F T E L E V ISIO N  PIC T U R E S

(Q u estio n  N o . 65 (X I))

T he C .C .I.R ., (L ond on , 1953)

CONSIDERING :

(a )  T hat a sufficient am oun t o f  in form ation  is n o t yet available to  give a final answ er to  Q uestion  
N o . 65 ;

(b )  T hat as a m eans o f  increasing the available in form ation  it w ou ld  be o f  considerable advantage  
to  kn ow  w hat m eth ods are currently adop ted  by the various countries for  the purpose o f  
assessing the quality o f  te levision  pictures ;

* Study Programme N o . 75 (XI) arises from this Question.
** This Study Programme arises from Question N o . 65 (XI).



u n a n i m o u s l y  d e c id e s  th a t  t h e  f o l l o w i n g  s tu d ie s  s h o u ld  b e  c a r r ie d  o u t

1. A  s tu d y  o f  t h e  in f lu e n c e  o n  t h e  q u a lity  o f  a  t e le v is io n  p ic tu r e  o f  th e  v a r io u s  r e le v a n t  fa c t o r s ,  
. s u c h  a s  :

—  r e s o lu t io n ,
—  c o n tr a s t  r a n g e ,
—  c o n tr a s t  la w ,
—  g e o m e tr y ,
—  c o lo u r  r e s p o n s e ,
—  c o lo u r  f id e l i ty  (w h e r e  a p p l i c a b l e ) ;

in c lu d in g  s u c h  d e fe c t s  a s  :

—  n o i s e  ( r a n d o m , im p u ls iv e ,  p e r io d ic ) ,
—  s h a d in g ,
—  s tr e a k in g ,
—  o v e r s h o o t s ,
—  e x c e s s iv e  m e m o r y ,
—  c o lo u r  “ c r o s s - t a l k ”  )

■—  c o lo u r  m is -r e g is t r a t io n  /  w h e r e  a p p l ic a b le  ;
—  c o lo u r  b r e a k -u p  j

2. A  s tu d y  o f  t h e  m e t h o d s  b y  w h ic h  t h e  in f lu e n c e  o f  s u c h  fa c to r s  o n  th e  q u a l i ty  o f  a  t e le v is io n  
p ic t u r e  m a y  b e  m e a s u r e d  o b j e c t iv e ly .
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Q U E S T IO N  N o . 66 (X I)

T E L E V IS IO N  R E C O R D IN G

(Q u estio n  N o . 64 (XI))
T he C .C .I.R ., (G eneva, 1953)

CONSIDERING

T he desirability o f  perfecting m eth ods for recording television  signals for subsequent repro
duction  ;

u n a n i m o u s l y  d e c id e s  that the fo llow in g  question  shall be studied :

W hat are the desirable characteristics o f  equipm ent for recording television  signals and the 
corresponding sound ? '

N ote. —  It is recom m ended  that the ̂ line-broadening (spot-w obble) technique sh ou ld  be  
investigated  w ith  a view  to  m in im izing the line structure w hen recording on  film.

Q U E S T IO N  N o . 67 (X I)

R A TIO  O F TH E  W A N TED  T O  T H E  U N W A N T E D  SIG N A L  IN  T E L E V ISIO N

T he C .C .I .R ., (G eneva, 1951)

c o n s id e r in g  :

(a )  T hat the satisfactory operation  o f  a te lev ision  service renders it necessary to  specify  the  
m axim um  field-strength o f  interfering or unw anted signals w h ich can  be to lerated  w ithou t 
unduly affecting the reception o f  television  program m es ;



— 360 —

(b )  T hat the frequency bands a llotted  for television  broadcasting services are so  lim ited  that 
it is essential for m ore than one transm itting station  to  operate in the sam e c h a n n e l;

( c) T hat, on  the frequencies used for television , radio w aves in certain cases travel to  distances 
far in excess o f  the norm al service area ;

(d )  T hat the varying propagation o f  such w aves, under different conditions, is the m ajor factor  
in  determ ining the geographical distances separating television  transm itting stations to  avoid  
m utual interference ;

d e c i d e s  that the fo llow in g  question  shall be studied :

T he determ ination o f  the m inim um  adm issib le ratio  o f  w anted to unw anted signal, when  
tw o television  transm itters are operating :

—  in  the sam e channel,
—  in adjacent channels,
—  w ith dissim ilar but partially overlapping bandw idths.

N ote . —  T he answer to  the question  should  state the hours o f  service it is desired to  protect, 
and the proportion  o f  the program m e tim e for  w h ich  the stated degree o f  interference m ust be 
avoided. Separate answers m ay be required for various grades o f  service area, each  o f  w hich  
should  be defined in term s o f  the field strength o f  the w anted signal.

Q U E S T IO N  N o . 68 (X I) *

R E SO L V IN G  P O W E R  A N D  D IFFE R E N T IA L  SE N SIT IV IT Y  
O F T H E  H U M A N  EYE

T he C .C .I.R ., (G eneva, 1951)

c o n s i d e r i n g  :

(a )  T hat those responsib le for a regular television  service m ust have an exact know led ge o f  the  
ph ysio log ica l properties o f  the hum an eye, the dem ands o f  w hich they are endeavouring to  
satisfy ;

(b )  T hat, am ong these properties, the m ost im portant are the resolv ing pow er by m eans o f  w hich  
regular fields and fine details are perceived, the differential sensitivity to  brilliance and  the  
differential sensitivity to  a change in the shade o f  the sam e colour ;

■(c) T hat the results o f  the num erous p h ysio log ica l studies already undertaken on this subject 
cannot, a priori, be assum ed to  be equally valid  for  the observation o f  te levision  pictures, 
because o f  the special nature o f  such pictures ;

u n a n i m o u s l y  d e c i d e s  that the fo llow in g  qu estion  shall be studied :

W hat is the value for  the hum an eye o f :

—  the resolving pow er expressed in m inutes o f  angle,
—  the differential sensitivity to  brilliance,
—  the differential sensitivity to a change o f  shade in  the sam e colour,

for  values o f  contrast, brilliance, co lou r and distance norm ally  encountered w hen observing
photographs and television  pictures ?

* Study Programme N o. 76 (XI) arises from this Question.
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R E S O L V IN G  P O W E R  A N D  D IFFER EN TIA L SE N SIT IV IT Y  
O F TH E H U M A N  EYE

(Q uestion  N o . 68 (X I))

T he C .C .I.R ., (L ondon, 1953)

CONSIDERING :

(a )  T hat a sufficient am oun t o f  inform ation is not yet available to  provide a com plete  and useful 
answer to  Q uestion N o . 68 (X I) ;

(b )  T hat the resolu tion  threshold  o f  the hum an eye has been m easured under specified conditions  
for test objects in b lack-and-w hite as well as in colour ;

(c )  That, taking into  accou nt the special nature o f  television  pictures, it  is n o t yet certain over
w hat range o f  cond itions the m easured values apply to  television  ;

(d )  That the subjective sharpness o f  a picture m ay n o t be uniquely related to  resolu tion  ;

(e )  T hat m easurem ents m ust be m ade to  provide inform ation concern ing the differential sen
sitivity o f  the hum an eye under conditions relevant to te lev ision  view ing ;

u n a n i m o u s l y  d e c i d e s  that the fo llow in g  studies should  be carried o u t : .

1. A  study o f  the extent to  w h ich data on the resolving pow er o f the hum an eye can be usefully  
em ployed in decid ing up on  the necessary requirem ents o f  a te lev ision  picture.

2. A  study o f  su itab le m eth ods o f  m easuring the differential sensitivity o f  the hum an eye to  a 
spatial and tem poral change o f  brilliance and to  a spatial and tem poral change o f  shade o f  
the sam e co lour under con d ition s norm ally encountered w hen view ing television  pictures.

STUDY PROGRAMME No. 76 (XI) *

Q U E S T IO N  N o . 101 (X I)

A D V A N T A G E S TO  BE O B T A IN E D  F R O M  C O N SID E R A T IO N  
O F P O L A R IZ A T IO N  IN  TH E P L A N N IN G  OF B R O A D C A ST IN G  

SER V IC E S IN  T H E  V H F (M ETRIC) A N D  U H F  (D E C IM E T R IC ) B A N D S  

(Television and sound)

The C .C .I.R ., (L ondon, 1953)

CONSIDERING :

(a )  T hat a receiving aerial designed for reception o f  horizontally  polarized  w aves will in general 
discrim inate against vertically  polarized w aves and vice-versa ;

(b )  T hat in  the p lanning o f  broadcasting services in the V H F  (m etric) and  U H F  (decim etric) 
bands (television  and sound) there m ay be occasions w hen  it is im portant to  take full ad
vantage o f  this discrim ination ;

* This Study Programme arises from Question N o. 68 (XI).
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(c )  T hat tropospherically  propagated w aves at V H F  (m etric) and  U H F  (decim etric) particularly  
at great distances from  the transm itter or after propagation  over irregular terrain or re- 
radiating structures, m ay n o  longer retain their orig inal polarization  ;

u n a n i m o u s l y  d e c id e s  that the fo llow in g  question  should  be studied :

In p lanning television  and sound broadcasting services in  the V H F  (m etric) and U H F  
(decim etric) bands, w h at allow ance, i f  any, can be m ade for the decrease in  the m inim um  tolerable  
ratio o f  w anted to  unw anted field strengths at the receiving aerial w hen one transm ission  uses  
vertical polarization  and the other horizontal polarization , as com pared w ith  the case in  w hich  
both  transm issions use the sam e polarization. A ll the pertinent factors, including the fo llow in g , 
sh ou ld  be taken in to  a c c o u n t:

—  frequency,
—  type o f  terrain,
—  type and height o f  transm itting and receiving aerials,
—  distances betw een transm itters and receivers,
—  variations in tropospheric propagation  cond ition s w ith  tim e and clim ate.



Questions and Study Programmes 
assigned to Study Group No. XII

Q U E S T IO N  N o . 102 (X II) *

IN T E R FE R E N C E  IN  T H E  B A N D S  SH A R E D  W IT H  B R O A D C A ST IN G  **

(S tockholm , 1948 —  G eneva, 1951 —  L ond on , 1953)
T he C .C .I.R .,

CONSIDERING :

R ecom m end ation  N o . 8 o f  the International R ad io  C onference (A tlantic C ity, 1947) and the  
studies pursued at the V th , V lth  and  V llth  Plenary A ssem blies o f  the C .C .I.R . ;

d e c i d e s  that the fo llo w in g  question  should  be studied :

1. W hat is the m inim um  perm issib le protection  ratio for broadcasting signals, w hen m easured  
at the output o f  a  receiver fitted w ith  a filter havin g  an audio frequency cu t-o ff o f  5 kc /s and  
to  w h at m inim um  value o f  the w anted  field  sh ould  this ratio be m a in ta in ed ? * * *

A N N E X

1. T he perm issible frequency tolerances for broadcasting stations w ou ld  perm it variations  
in  frequency o f  broadcasting stations up to  abou t 250 c/s until 1953 and  up  to  ab ou t 150 c /s  
after that date. T he corresponding tolerances for  fixed stations w ou ld  a llow  m axim um  
frequency changes o f  a b ou t 500 c /s  and  150 c /s  respectively. T he tolerances perm itted to  
m ob ile  stations w ou ld  be in itially  about 2500 c /s  and later abou t 1000 c/s. T hese tolerances 
are very large in  relation to  the possib le  spacing betw een broadcast carrier frequencies in  the  
shared bands and , for  a consideration  o f  the problem , it  is therefore necessary to  assum e a 
frequency spacing betw een such broadcast carriers.

2. I f  it  is assum ed that the sta tions o f  other services w ill be located  on ly  on  frequencies centrally  
loca ted  betw een the broadcast carriers, and i f  it is further assum ed that the broadcast carrier 
frequencies w ill be  separated by n o t m ore than  10 k c /s, then the m axim um  frequency spacing  
betw een  a fixed or m obile  station  and  a broadcasting station  w ou ld  be 5 kc /s. F rom  this 
consideration  it w ill be seen that the perm issible tolerances represent a very large proportion  
o f  the spectrum  space betw een a broadcasting carrier and a sharing service carrier and  that

* This Question replaces Question No. 4. Study Programmes No. 38 (XII) and 77 (XII) refer to this Question.
** The reasons justifying this question will be found in the annex.

*** Practical consideration o f the frequency separation o f adjacent channels requires the use o f an audio frequency cut-off 
o f 5 kc/s in the measurement, in preference to 6.4 kc/s, appropriate corrections being applied, if considered necessary, to correspond 
to an audio frequency cut-off o f  6.4 kc/s.
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the possib le heterodyne frequency w ill be such that a receiver g iving adequate broadcasting  
reception w ould  not elim inate it. A t the present tim e, it w ou ld  seem  very difficult greatly  
to  increase the stability o f  m obile transm itters and it is therefore suggested that a case exists 
for recom m ending to adm inistrations in tropical zones that the m inim um  num ber o f  m obile  
stations should  be assigned in the shared bands. F or fixed stations it w ou ld  seem  that since  
by 1953 fixed stations in these bands will have to  m aintain the sam e frequency tolerances as 
broadcasting stations, as specified in A pp. 3 to  the A tlantic C ity R ad io  R egu lations, that it 
w ould  be advisable to  request adm inistrations to  expedite im provem ent in  the frequency  
stability o f  fixed stations in  bands shared w ith broadcasting and that the m inim um  num ber  
o f  fixed stations in tropical zones m ight be assigned in these shared bands, un less they do 
m eet the requirem ents laid dow n for frequency tolerance for broadcasting stations.

3. I f  it is n o t possible entirely to  elim inate m obile  stations from  the shared bands in the tropical 
zones, then it m ight be recom m ended that every effort should  be m ade to  elim inate the use  
o f  m obile  stations using A 3 type o f  transm ission in these bands. A s in  other services, fully  
adequate telephony quality is m aintained w ith a reduced audio frequency bandw idth, it 
m ight be recom m ended that the audio bandw idth transm itted by m ob ile  stations w hen  
operating in the tropical zones should  be lim ited  to  3000 c/s.

4. In  the V th Plenary A ssem bly o f  the C .C .I.R . D o c . N o . 110 *, it is recom m ended that pow er  
lim itations should  be placed on  broadcasting stations operating in these bands. It is generally  
adm itted that the field strength required for an adequate telegraph service is o f  the order 
o f  10%  o f  the field required for an adequate signal on  a broadcast service. T here w ou ld  
seem , therefore, to  be a logical case to  pu t a restriction on the pow er to  be used  by other  
services in the shared bands. A ll vo ice  transm ission  in this band m ight p ossib ly  be carried  
out on  pow er lim its n o t exceed ing those laid dow n for broadcasting stations in  the C .C .I.R . 
D o c . N o . 110 *.

5. A  recom m endation m ight be m ade in accordance w ith  Art. 13, § 3 o f  the A tlan tic  C ity R ad io
R egulations that the use o f  directive antennae be fo llow ed  in  all possib le  cases in order to
reduce m utual interference betw een services.

6. A s is poin ted  out in the V th Plenary A ssem bly o f  the C .C .I.R . D o c . N o . 21 * on  page 5, the
perm issible interference level for ordinary telephony w ith n oise  reducers is + 3 2  db and for
ordinary telephony w ithout n o ise  reducers + 4 2  db. F or broadcasting use, higher signal to  
n oise  ratios are suggested. It is felt, how ever, that it w ou ld  be a m atter o f  considerable  
difficulty under tropical cond itions to  obtain  a signal-to-noise  ratio greater than 40 db w ith  
respect to  the local noise. Such a level has been taken as a reasonable m axim um  in  the C .C .I.R . 
D o c . N o . 110 *. It is considered , therefore, that it  is not justifiable to  specify  lim its o f  inter
ference m ore stringent than that im posed  by a protection  ratio betw een w anted  service and  
interference o f  40 db. It m ight be suggested , therefore, that an undesired signal should  be 
defined as causing interference to  a broadcasting service on ly  w hen its effective level in the 
output o f  an ordinary receiver having an aud io  band-pass o f  6 .4  k c /s is less than 40 db 
below  the desired signal level w ith in  the defined service area o f  the broadcasting station .

7. T o  m inim ize the effect o f  interference, a recom m endation  m ight be m ade that spurious 
radiation , key-clicks, sideband spread and  other form s o f  interference producing radiation  
should  be kept to  a m inim um  in all transm itters used in tropical zones on  the shared bands.

8. W hile it is considered that, under norm al cond itions, a m odu lation  band o f  6400 c /s  is desir
able in  the interests o f  quality, it is recognised  that, in the tropical zones, the levels o f  a tm o s
pheric n o ise  in the tropical broadcasting bands and the possib ilities o f  interference due to  
the difficulty o f  accom m odatin g  all stations in these bands are such that a m odulation  band  
o f  5000 c /s m ay have to  be accepted.

* O f Stockholm.
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S H O R T  D IST A N C E  H IG H  F R E Q U E N C Y  B R O A D C A ST IN G  
IN  T H E  T R O PIC A L Z O N E  (T R O PIC A L  B R O A D C A ST IN G ) **

(Q u estio n s N os. 4 a n d  27 — R eco m m en d a tio n s N os. 47 an d  84)

T he C .C .I .R ., (G eneva, 1951)

CONSIDERING I

(a )  T hat there is little  data on the determ ination o f  the pow er required for a given grade o f  
tropical broadcasting service ;

. '(b) T hat it  w ou ld  be helpful in the planning o f  new  tropical broadcasting services to  have m ore  
reliable data ;

(c )  T hat m ore reliable data w ou ld  be helpful in the organization  o l services in the bands shared  
w ith tropical broadcasting (See Art. 9, N o . 244 o f  the R ad io  R egulations, 1947) ;

u n a n i m o u s l y  d e c id e s  that the fo llow in g  studies shall be carried o u t :

1. T he experim ental determ ination o f  the signal-to -noise  ratio  and the signal-to-interference  
ratio that sh ou ld  be adopted  as representative o f  an  acceptab le tropical broadcasting service. 
T he observations should  be m ade w ith aerials and receivers that are. representative o f  those  
norm ally used  for  tropical broadcasting reception . T he reports on  this study should  indicate  
as fu lly  as possib le  the cond itions o f  m easurem ent, the characteristics o f  the equipm ent 
and the m eth od s used, so  that the results m ay be correlated w ith those o f  other' observers.

A In  particular, th e  bandw idth o f  the receiver em ployed  should  be given.

2. A  practical exam in ation  o f  w hether the provisional pow er lim its in  R ecom m end ation  N o . 84 
are satisfactory or  whether they sh ou ld  be changed to  give an acceptable tropical broadcasting  
service. T he reports o n  this study should  include a ll the relevant factors concerned and, in 
particular, in form ation  on  the fo llow in g  poin ts :

—  the area and the day, m onth  and year for w h ich observations are m ade ;
—  the d istance from  the transm itter to  the po in t o f  observation  ;
—  the carrier pow er o f  the transm itter and its depth o f  m odulation  ;
—  the details o f  the transm itting and receiving aerials ;
—  the characteristics o f  the receiver used ;

In form ation  on  the signal-to-noise  ratio and the signal-to-interference ratio (if possib le  in
a statistical form ) w ou ld  also be helpful (see a lso  § 1 above). A n y cond itions peculiar to
the area concerned  and w hich have an im portant bearing on  the transm itted pow er required  
should  a lso  be stated,

3. T he study o f  natural no ise  in the tropical zone, w hich should  be continued , w ith  particular  
reference to  broadcasting conditions. The aim  should  be to  provide noise  data (in a statistical 
form  i f  possib le) which cou ld  be used in  problem s concerning the field strength or radiated  
pow er required to  produce a g iven grade o f  broadcasting service. T he m eth od  o f  m easure
m ent used  sh ou ld  be clearly defined, particularly as concerns the bandw idth o f  the m easuring

STUDY PROGRAMME No. 38 (XII) *

* This Study Programme arises from Question N o. 102 (XII).
** As this service is defined in the considerations o f  Question N o. 27 reproduced in Annex.
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equipm ent. Particular atten tion  should  be paid to  those frequency bands a llocated  to  broad
casting below  16 M c/s w h ich  could  be used for  broadcasting in  the tropical zon e  and to  the  
norm al broadcast listen ing hours (approxim ately 0600 to  2400 lo ca l tim e).

4. T he study o f  the field  strength produced by tropical broadcast transm itters.
R eports should , if  possib le , be evaluated o n  a statistical basis, and should  give, in  particular, 
the fo llow in g  in form ation  :

—  m ethod o f  m easurem ent em ployed ;
—  m ethod o f  analysis ;
—  location  o f  transm itter ;
—  distance from  transm itter at w hich m easurem ents are m ade ;
—  radiated carrier pow er ;
—  polar diagram  o f  transm itting aerial (or equivalent data) ;
—  period during w h ich  m easurem ents are m ade ;
—  radio frequency used.

It m ight be convenien t to  carry ou t this study in  conjunction  w ith  those outlined  in § 1 and 2  
above. If it is possib le  to  m ake m easurem ents o f  the field strength produced outside the service  
area o f  the tropical broadcasting station , the resulting in form ation  w ou ld  a lso  be helpful 
in determ ining the degree o f  interference produced to  other services w hich share frequency  
bands with tropical broadcasting.

A N N E X

C onsiderations o f  Q uestion  N o . 27 (M axim um  pow er for short d istance h igh  frequency  
broadcasting in the tropical zones) :

The C .C .I.R .,

CONSIDERING :

(a) That a  short distance high frequency broadcasting service is an indirect ra y  service in which 
the incident ra y  m eets the reflecting layer a t  a  considerable angle to  the horizon tal an d  there  
is no appreciable sk ip  d istance betw een the transm itter an d  the service a re a ;

(b) That the outer lim it o f  a  sh ort d istance service is considered here as being 800  k m ;

S T U D Y  P R O G R A M M E  N o . 77 (XII) *

IN T E R F E R E N C E  IN  T H E  B A N D S  S H A R E D  W IT H  B R O A D C A S T IN G

(R ecom m endation  N o . 50 ** —  Q uestion N o . 4 ***)

T he C .C .I.R ., (L on d on , 1953)

CONSIDERING :

(a )  T hat R ecom m endation  N o . 50** does n o t provide a  final answ er to  Q uestion  N o . 4***, § 6, 
and recom m ends a further study to  determ ine finally a value for  the m in im um  perm issible  
protection  ratio for  broadcasting services operating in  th e  tropical zo n e  in  the shared bands ;

* This Study Programme arises from Question N o. 102 (XII).
** This Recommendation has becom e Recomm endation N o . 138.

*** This Question has become Question N o. 102 (XII)*
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^  .
(b )  T hat sufficient data is at present n o t available in order to  answer C .C .I.R . Q uestion N o . 4,

§ 6 ;

d e c i d e s  that the fo llow in g  study should  be carried o u t :

1. E xperim ental determ ination o f  a  m inim um  protection  ratio to  be provided for  a broadcasting  
station  operating in  the shared bands in  the tropical zon e  against interference from  
T elegraphy A l  and  A 2 , and T elephony A 3 em issions w hen :

—  the interference is caused by on e  o f  these three types o f  em ission  ;
—  the interference is caused by tw o  or m ore types o f  em ission  at the sam e tim e ;

1.1 T his study sh ould  be carried o u t tak ing in to  accou nt transm itter frequency variations equal 
to  th e  sum  o f  the perm issible frequency tolerances o f  the tropical broadcasting services and  
the other services, as la id  dow n in  the A tlan tic  C ity R ad io  R egulations (A pp. 3).

T 2 M easurem ents should  be carried o u t at the output o f  a  receiver fitted w ith a filter having
an  aud io  frequency cut o ff  o f  5 k c /s  *.

2. E xperim ental determ ination o f  the m inim um  field strength to  w hich a protection  ratio as 
defined in § 1 above sh ou ld  relate, taking in to  accou nt the nature, intensity  and distribution  
o f  n o ise  levels in  different parts o f  the tropical zone.

Q U E S T I O N  N o .  69  (X I I )

B E ST  M E T H O D  FO R  C A LC U L A TIN G  T H E  FIEL D  ST R E N G T H  P R O D U C E D  
B Y  A T R O PIC A L  B R O A D C A ST IN G  T R A N SM IT T E R  **

(Q u e s t io n  N o .  2 7 ) -

T he C .C .I .R ., (G eneva, 1951)

CONSIDERING 1 -

(a )  T he im portance o f  being ab le to  calculate the pow er required to  produce a given field strength  
under g iven  cond itions for  tropical broadcasting ;

(b )  T hat reliable m ethods o f  ca lcu la tion  w ou ld  assist the planning o f  new  tropical broadcast 
services and the a llotm ent o f  frequencies to  services in  the tropical zon e  ;

(c )  T hat, for  the tropical zon e , little basic data exists concerning ionospheric  absorption  and  its  
dependence u p on  the tim e o f  day, the season  and the sunspot cycle ;

( d )  T hat th e  relation o f  ionosp heric  absorption  at ob lique incidence to  that a t vertical incidence  
is n o t yet fu lly  understood  ;

(e )  T hat there is  n o  internationally  agreed m eth od  o f  exam in ing the nature o f  the m ultip le  
reflections and o f , ca lcu lating th e  resultant field strength occurring at the interm ediate  
distances involved  in  tropical b r o a d c a stin g ;

* I f  considered necessary, appropriate correction to the results o f measurements could be applied to correspond to an audio 
frequency cut off o f 6.4 kc/s.

** As this service is defined in the considerations o f Question No. 27 reproduced in Annex to Study Programme No. 38 
(XII), page 366.
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d e c i d e s  that the fo llow in g  question  shall be studied :

1. W hat is the best m ethod  that m ay be used for calculating the field strength produced at the  
earth ’s surface by the indirect ray, at various distances betw een 0 and 800 km  and between  
800 and about 4000 km , by a transm itter situated in the “ tropical zone ” (as defined in  
A pp. 16 o f  the R ad io  R egulations, 1947) radiating a pow er o f  1 kW  from  a h a lf w avelength  
dipole situated A/a and 7/ i 6ths o f  a w avelength above ground respectively, and operating  
in any o f  the frequency bands used for tropical broadcasting (i.e. the “ shared bands ”  
listed in  Art. 9, N o . 244, and the general broadcasting bands below  15 450 kc/s listed  in the
Table o f  Frequency A lloca tion s, Art. 5, R a d io  R egulations, 1947), at any season , and for
sunspot num bers o f  abou t 5, 60 and 125, respectively, during norm al listen ing hours 
(approxim ately 0600 to  2400 loca l tim e)?

1.1 W hat is the probable error in  the proposed  m ethod  o f  ca lcu la tio n ?

1.2 W hat basic data should  be used in the proposed m ethod  o f  calculation ?

1.3 W hat is the probable statistical distribution o f  the fading o f  the s ign a l?

Q U E S T I O N  N o .  71 (X I I )

D E T E R M IN A T IO N  O F N O IS E  LEVEL FO R  T R O PIC A L B R O A D C A S T IN G *

(Q u e s t io n  N o .  2 7 )

The C .C .I.R ., (G eneva, 1951)

CONSIDERING :

(a )  T hat the determ ination o f  the transm itter pow er required depends u p o n  the value o f  the  
signal-to-noise ratio regarded as being the m inim um  for an acceptable broadcasting service 
in  the tropical zone and it is necessary to  have as precise a know ledge as possib le  o f  
atm ospheric noise levels in  this zone ;

(b )  T hat present know ledge o f  the atm ospheric no ise  levels in the tropical zone and for tropical 
broadcasting frequencies has no agreed scientific significance and is insufficient for practical 
use ;

(c )  T hat the m ethods at present in use for the m easurem ent o f  atm ospheric no ise  are o f  a 
subjective nature, likely to be m isinterpreted if  applied  to broadcasting :

( d )  T hat it, therefore, seem s desirable to  develop an objective m ethod  o f  m easuring atm ospheric  
noise  levels for possib le  app lication  to  broadcasting, in  particular to tropical broadcasting, 
and to relate such a m ethod  to  the subjective effect on  the listener ;

u n a n i m o u s l y  d e c i d e s  that the fo llow in g  question should  be studied  :

1. W hat param eters, characterising atm ospheric no ise  w ou ld  determ ine the response o f  a  broad
cast receiver to  atm ospheric no ise  and the effect o f  such noise  o n  the grade o f  reception  ?

* As this service is defined in the considerations of Question No. 27 reproduced in Annex to Studv Progtamme No. 38 
(XII), page 366.
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2 .  Subsequent to  the question  in  § 1 , w hat characteristics o f  no ise  can  be m easured directly, 
w hat range o f  values should  be covered by the m easuring apparatus and  h ow  are these  
values related to  the ab ove  m entioned  param eters ?

3 .  W hat is the best m ethod  o f  atm ospheric noise m easurem ent for the specific conditions o f  
tropical broadcasting, w ith particular regard to  type o f  service, geographical zones, frequencies 
used and clim atic cond itions ?

3.1 Can a su itab le objective m eth od  o f  n o ise  m easurem ent be developed in the near fu tu re?

3.2 C an the subjective m eth od , at present in  use, be m odified to  obtain  as so o n  as possib le an 
approxim ate result for the type o f  service concerned ?

3.3 Is it possib le and  under w hat cond itions, to  correlate the results obtained  by a subjective  
m ethod  o f  n o ise  m easurem ent and those w hich m ay be expected from  th e  app lication  o f  
an objective m eth od  ?

4 .  H ow  should  the recom m ended m easuring apparatus be designed for the specific conditions  
im posed  by tropical clim ates and h ow  should  it be used to  obtain  results w hich can be 
correlated for the various parts o f  the tropical zone ?

Q U E S T I O N  N o .  103 (X II )

D E S IG N  OF T R A N SM IT T IN G  A ER IA LS F O R  T R O PIC A L B R O A D C A ST IN G

T he C .C .I.R ., (G eneva, 1951 —  L ond on , 1953)

CONSIDERING :

(a )  T hat the average radius o f  a tropical broadcasting service area is abou t 800 km  ;

(b )  The necessity for further study o f  the design o f  transm itting aerials for tropical broadcasting  
for the purpose o f  concentrating the energy transm itted by reflection  from  the ionosphere  
as m uch as possib le  in to  the desired service area ;

(c )  T hat the use o f  efficient aerials for transm ission w ou ld  perm it the use o f  transm itters o f  lower
p o w e r ; '

(d )  T he im portance o f  reducing interference to  a m inim um  between services w hich share frequency  
bands as provided  by N o s . 244 and 253 o f  the R ad io  R egulations (A tlantic C ity, 1947) ;

(e )  T he provisions o f  N o . 374 o f  the R ad io  R egulations (A tlantic C ity, 1947) ;

u n a n i m o u s l y  d e c i d e s  that the fo llow in g  question  should  be studied : .

1. W hat factors determ ine the best p o sition  for the transm itting aerials, w ith respect to  the area
to  be served, in  order to  concentrate the energy received by reflection from  the ionosphere
w ithin  the desired service area and to reduce to  a m inim um  the am ount o f  energy received
outside the broadcast service area ? '

2 .  W hat practical im provem ents, confirm ed by m easurem ent, can be m ade in the design o f  
transm itting aerials for tropical broadcasting, in order to  concentrate the energy received  
by reflection from  the ionosp here w ith in  the desired service area and to  reduce to  a m inim um  
the energy received outside the broadcast service area ? In  particular, w hat steps can be taken  
to reduce low -angle  radiation  to  a m in im um ?



Questions and Study Programmes 
assigned to Study Group No. XIII

Q U E S T IO N  N o . 1 04  (X III)  *

ID E N T IFIC A T IO N  O F R A D IO  S T A T IO N S

T he C .C .I.R ., (L ond on , 1953)

CONSIDERING :

(a )  T hat, in order to  carry ou t an efficient m on itorin g  service o f  radio stations, it  is necessary  
for these stations to  be indentified as regularly as possib le  during their transm issions ;

(b )  T hat in  m any types o f  radio system s, the identification  procedure used at present is satis
factory to both  the operating agencies and the regulating adm inistrations, as is the case for 
single channel lo w  speed telegraphy ; 1

(c )  T hat the A tlantic  C ity R ad io  R egulations (Chap. V , Art. 13, Section  V , . § 10) set forth  
requirem ents for transm issions o f  radio  call signs, and  state that each radio station  provided  
w ith  a call sign from  the international series m ust, un less the A tlan tic  C ity R ad io  R egu lations  
provide otherw ise, transm it th is call sign during the course o f  their transm ission  as frequently  
as is practicable and reasonable ;

(d )  T hat certain types o f  radio stations are exem pted from  the necessity o f  having an  in ternational 
call sign, for exam ple, stations w h ich  are easily  identified  by other m eans and w h ose  signals 
o f  identification, or characteristics o f  em ission , are published in  in ternational docum ents ;

(e )  T hat the problem  o f  accom plish ing identification o f  m ulti-channel te leph one and telegraph  
transm ission , except for single-sideband system s, is particularly d ifficu lt'w ithout the use o f  
co stly  special apparatus ;

( f )  T hat the requirem ents o f  frequently transm itting a call sign m ay im pose a difficult and costly  
hardship o n  the operating agencies, particularly w here heavily  loaded  m ulti-channel or h igh  
speed m achine operation  is e m p lo y e d ;

d e c i d e s  that the fo llow in g  qu estion  sh ou ld  be studied :

T he possib ility  o f  ensuring the conven ien t identification  o f  stations utilising m ulti-channel 
synchronised system s, h igh speed m achine system s, facsim ile system s, o f  other sp ecia l system s  
o f  transm ission , in  the m ost effective m anner w ithou t the necessity  o f  interrupting the transm issions  
o f  such stations, or o f  increasing the transm issions o f  such stations, or o f  increasing th e  bandw idth  
o f  the em issions. T he increased costs to  the m onitor in g  and transm itting stations w h ich  w ou ld  
be incurred by  the recom m ended so lution s sh ou ld  be borne in  m ind.

N ote . —  T his study should  be carried o u t urgently.

This Question replaces Question N o. 17. Study Programme N o . 78 (XIII) refers to this Question.
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ID E N T IFIC A T IO N  O F R A D IO  S T A T IO N S

(Q uestion N o . 17)

T he C .C .I.R ., (G eneva, 1951 —  L ond on , 1953)

CONSIDERING :

(a )  T hat R ecom m end ation  N o . 132 does n o t  cover all aspects o f  the p ro b lem ;

■(b) T hat the developm ent and general use o f  satisfactory m eans for the identification  o f  radio
stations is required as a  m atter o f  urgency by in ternational m onitoring stations, an d  w ou ld  
be o f  assistance to  the I .F .R .B . ;

(c )  T he desirability o f  n o t interrupting the flow  o f  traffic, nor appreciably increasing the band
width o f  the em issions, nor increasing the costs w hich w ou ld  be incurred b y  the m onitoring  
and transm itting sta tions as a  result o f  adopting the recom m ended so lu tion s ;

d e c id e s  that the fo llo w in g  studies should  be carried o u t :

1. T he range o f  levels betw een  w hich  the am plitude o f  the reduced carrier or other p ilo t frequency
o f  a single or independent sideband transm ission should  be keyed in  accordance w ith § 3 .2
o f  R ecom m end ation  N o . 132.

2. T he problem  o f  app ly ing  low -pow er am plitude m odu lation  or develop ing other m ethods o f
superim posing an  acceptab le identification  signal o n  frequency-shift transm issions ;

3. The problem  o f  transm itting ca ll signals in  m ulti-channel synchronous, and  other special
telegraph system s, n o t  u sin g  single-sideband transm ission.

N o te s:

1. T hese studies are to  be carried out urgently.

2. D o c . N o . 56, L on d on , is o f  interest in  the study o f  this problem .

STUDY PROGRAMME No. 78 (XIII) *

/ 

a



S T U D Y  P R O G R A M M E  N o . 79 (V) *

T R O P O S P H E R IC  P R O P A G A T IO N  A C R O S S  M O U N T A IN  R ID G E S

(Q uestion  N o . 85 (V))

The C.C.I.R.,

CONSIDERING :

(a) That Question No. 85 (V) para. 3 seeks information on, amongst other things, the influence
on the time distribution of the values of path attenuation, caused by the type of terrain over
which the signal passes ;

(b) That it would be o f interest to study a particular type of path crossing a high m ountain ridge
so situated that it is in optical range of both the transm itter and the receiver ;

(c) That there is already some evidence that signals reaching the receiver over such a ridge may,
under certain conditions, be stronger than they would be in the absence of the ridge, and that,
at the same time, they may show a reduced range of fading ;

d e c i d e s , that the following studies should be carried o u t :

1. The time distribution of the values of path attenuation (as mentioned in Sections 2 and 3 of
Question No. 85 (V)) for a signal path  as described in (b) above ;

2. The manner in which the reduction in path  attenuation depends upon the directional and
other properties (e.g. height) of the transmitting and receiving antenna systems.

* This Study Programme arises from Question No. 85 (V).
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S T U D Y  P R O G R A M M E  N o. 80 (X I)

S T A N D A R D S  F O R  V ID E O  C O L O U R  T E L E V IS IO N  S IG N A L S  **

The C.C.I.R., (A p p ro ved  a t Brussels, 1955)

d e c i d e s  that the following studies should be carried o u t :

1. The preferred colorimetric parameters for representing the television picture ;
2. The scanning standards that can be recommended, e.g. sequential (field, line, dot), simul

taneous or mixed ;
3. Comparison of the various methods of coding and decoding the colour picture inform ation ;
4. The minimum acceptable bandwidths for the signal components corresponding to these

parameters. .

S T U D Y  P R O G R A M M E  N o . 81 (X I) ***

S T A N D A R D S  F O R  R A D IA T E D  C O L O U R  T E L E V IS IO N  S IG N A L S

The C.C.I.R., (A p p ro ved  a t  Brussels, 1955)

d e c i d e s  that the following study should be carried out :

Comparison of different colour television systems in terms of the criteria listed in the text 
of Question No. 118 (XI). These comparisons should pay particular attention to  colour television 
systems which are either in operation, or which are or have been the subject of experiment.

Q U E S T IO N  N o . 119 (X I)* * * *

R A T IO  O F  T H E  W A N T E D  T O  T H E  U N W A N T E D  S IG N A L  IN  T E L E V IS IO N

The C.C.I.R., (A p p ro ved  a t Brussels, 1955)

CONSIDERING :

(a )  That the satisfactory operation of a television service renders it necessary to specify the 
maximum field-strength of interfering or unwanted signals which can be tolerated without 
unduly affecting the reception of television programmes ;

* This Study Programme arises from Question No. 118 (XI).
** The answers to Question No. 68 with studies and experience o f colour television systems should be taken into account.

*** This Study Programme arises from Question No. 118 (XI).
**** The text o f this Question differs from that of Question No. 67 (XI) only in the wording o f the “ Note
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(c) That, consequently, an exact definition of gain—a most im portant factor in television trans
mission—is required ;

(d) That, moreover, to avoid misunderstanding an agreement for an international method of
measurement is desirable ;

d e c i d e s  that the following question should be studied :
1. How can the gain of a television transmission circuit, between the video input and video

output terminals, be defined ?

N otes:
(a) Different gain values are obtained according to  whether low, medium or high frequency

sine waves, or a television signal containing a fairly wide frequency ,spectrum are used
for the measurement. In addition the term inating impedances, used during the measure
ment, should be defined ;

(b) Since most .of the energy of a television signal is concentrated in the low and medium
frequencies, a gain definition taking special account o f the lower portion of the video
frequency spectrum should be so u g h t;

2. W hat method of measuring can be recommended for determining the gain of a television
transmission circuit ?

-- 371d --



stations is required as a  m atter o f  urgency by in ternational m onitoring stations, an d  w ou ld  
be o f  assistance to  the I .F .R .B . ;

(c )  T he desirability o f  n o t interrupting the flow  o f  traffic, nor appreciably increasing the band

/ (L ond on , 1953)

(a )  T hat a com m ercially  adaptable, rapid and positive all-w eather m arine identification  device  
m ight be expected  to  a id  in  the reduction  o f  m arine casualties arid facilitate the safe m ovem ent 
o f  vessels in  congested  narrow  w aters ;

* This Study Programme replaces Study Programme N o. 26, and arises from Question N o. 104 (XIII).

e
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(b )  T hat there is need for inform ation on  the nature and extent o f  identification in telligence
required to  facilitate short-distance contact betw een vessels for safety, navigation  and  co m 
m unication  purposes ;

u n a n i m o u s l y  d e c i d e s  that the fo llow in g  question  sh ould  be studied :

1. C an a response on  a radar display be autom atically  identified by a distinctive characteristic  
in such  a w ay that it can be associated  w ith  the appropriate telegraph or telephone trans
m ission  ?

2. A re any existing system s capable o f  offering the desired facility  ?

3. W hat econ om ic  and  practical factors, including provisions required to  m ake the device  
effective, affect the problem  ?

Q U E S T I O N  N o .  106  (X I I I )

BE A RIN G  A N D  P O S IT IO N  C L A SSIFIC A T IO N  
F O R  H F  (DE C AM ET RIC ) A N D  V H F (M ET R IC ) D IR E C T IO N -F IN D IN G

T he C .C .I.R ., (L ond on , 1953)

CONSIDERING : ■

(a )  T hat the procedure specified in A pp. 15, S ection  6 (estim ate o f  accuracy) o f  the A tlan tic  
C ity R ad io  R egulations deals exclusively w ith direction-finding bearings and  p o sition s in  
the m edium  frequency range ;

(b )  T hat the standards o f  classification and accuracy o f  bearings used for  m edium  frequencies 
m ay n o t apply to  other frequency ranges ;

d e c i d e s  that the fo llow in g  question  sh ould  be studied :

1. W hat accuracies o f  determ ination o f  bearing and  p o sitio n  are probable for direction-finding  
o n  H F  (decam etric) and V H F  (m etric), under various cond itions and over various d istances ?

2. H o w  should  the accuracies be classified, assum ing that n o t m ore than three classes o f  accuracy  
are adopted , and w hat factors should  be taken in to  accou nt by an operator in assessing the  
class o f  bearing or p osition  ?

3. W hat revision  o f  R ecom m end ation  N o . 72  is required, i f  any, concerning the duration  o f  
the signal to  be transm itted for H F  (decam etric) direction-finding ?

4. W hat type o f  signal should  be sent for the purpose o f  V H F  (m etric) direction-finding and  
w hat is the m inim um  tim e for w hich it sh ould  be sent ?

N o te .  —  In studying this Q uestion  the w ork that has been don e or is being done by I.C .A .O . 
should  be taken into  account.



QUESTION No. 107 (XIII)

T E C H N IC A L  C H A R AC TE R IST IC S O F FR E Q U E N C Y  M O D U L A T E D  
Y H F (DEC A M ET R IC ) M A R IT IM E  E Q U IP M E N T S

T he C .C .I.R ., (L ondon, 1953)

CONSIDERING : '

(a )  T hat the A tlan tic  C ity R ad io  R egulations, Chap. X III, Art. 34, N o s . 830 to  834, stipulate  
the general procedure for the w orld-w ide use by the.m aritim e m obile  service o f  the frequency  
156.8 M c/s and  neighbouring frequencies ;

(b )  T hat according to  R egu la tion  N o . 833 “ the use o f  frequency m odu lation  is com pulsory in 
R egion  2 and its use is strongly recom m ended in other regions ” ;

(c )  T hat it  w ou ld  be desirable to  reach agreem ent u p o n  the essentia l technical characteristics 
for frequency m odu lated  Y H F  (m etric) radio telephone equipm ents for use in  international 
m aritim e services in  order to  expedite the international use o f  such equipm ents ;

(d )  T hat the use o f  V H F  (m etric) equipm ents on  board ships cou ld  reduce the use o f  M F  (hecto
m etric) m aritim e bands and thus tend to  reduce congestion  in . these heavily  loaded  bands ;

(e )  That the early in troduction  o f  the w orld-w ide use o f  equipm ents operating on  the frequency  
o f  156.8 M c/s and  neighbouring frequencies cou ld  contribute to  the safety o f  life  at sea, for  
exam ple, in  facilita tin g  short range com m u nication  betw een vessels equipped w ith radar ;

d e c i d e s  that the fo llow in g  question  should  be studied :

W hat are the technical cond itions determ ining the values o f  the fo llow in g  param eters for  
frequency m odu lated  V H F  (m etric) radio telephone equipm ents for the international m aritim e  
m obile  services operating o n  the frequency o f  156.8 M c/s and neighbouring frequencies :

—  frequency deviation  ;
—  plan e o f  p o larization  ;
—  protection  ratio for com m on -ch ann el operation ; -
—  m inim um  frequency separation  betw een adjacent channels ;
—  m inim um  frequency channel separation for duplex w orking ;
—  m eans for selective calling ;
—  such other param eters as m ay be necessary ?

Q U E S T I O N  N o .  108 (X I II )

T E ST IN G  O F 500 k c/s R A D IO T E L E G R A PH  A U T O -A L A R M  
R E C E IV IN G  E Q U IP M E N T  O N  B O A R D  S H IP S

T he C .C .I .R ., (L ondon, 1953)

CONSIDERING :

/ a )  T hat in  C hap. IV , R egu la tion  7 o f  the International C on ven tion  for the Safety o f  L ife at 
Sea (L on d on  1948), it  is la id  dow n that on board all ships to  be fitted w ith radiotelegraph  
equipm ent under the C on ven tion , continuous w atch shall be  m aintained w hen the ship  
is at sea, on the radiotelegraph distress frequency o f  500 k c /s  ; >
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( b )  That in most ships such radio watch will be maintained, for certain periods, by means of 
auto-alarm apparatus ;

(c)  That specifications for radiotelegraph installations on board ships are laid down in Chap. IV, 
Regulation 10 of the said Convention ;

( d )  That a specification for radiotelegraph auto-alarms is laid down in Chap. IV, Regulation 11 
of the said Convention ;

( e)  That, in practice, administrations may have difficulty in ensuring that the whole auto-alarm 
receiving installation (including the aerial) is always in good working order on board ships 
at sea ;

( f )  That, in particular, there is some doubt whether the technical measures prescribed in the 
said Convention are sufficient to ensure that the auto-alarm receiving installation (including 
the aerial) is in good working order ;

u n a n i m o u s l y  d e c id e s  that the following question should be studied :

What measures, in addition to those prescribed in the Convention for Safety of Life at Sea 
(London 1948), can be recommended to ensure that radiotelegraph auto-alarm receiving installa
tions (including the aerial) are always in good working order on board ships at sea ?
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Questions and Study Programmes 
assigned to Study Group No. XIV

Q U E S T IO N  N o . 72 (X IV )

D E C IM A L  C L A SSIFIC A T IO N  

'The C.C.I.R., (Geneva,. 1951)

• CONSIDERING :

That it is advisable to standardize the classification of documents and articles on radio so 
as to facilitate librarians’ work and make it possible for anyone to find the documents required 
without delay ;

u n a n i m o u s l y  d e c id e s  that the following question shall be studied :

The classification of documents and articles on radio by means of a decimal index, to be 
made, if possible, within the framework of the universal decimal classification (U.D.C.) and in 
agreement with the International Federation of Documentation.



QUESTIONS SUBMITTED BY THE C.C.I.R. 
TO THE C.C.I.T. AND THE C.C.I.F.

Q U E S T I O N  N o .  109

T H E  U S E  O F  R A D IO  C IR C U IT S  IN  A S S O C IA T IO N  
W IT H  5 -U N IT  S T A R T -S T O P  T E L E G R A P H  A P P A R A T U S  

Signals o ther than  those specified in  the In tern a tio n al T elegraph  A lphabet N o. 2

The C .C .I.R ., (L ondon, 1953)

CONSIDERING :

T he problem s raised in Q uestion N o . 83 (II I);

u n a n i m o u s l y  d e c id e s  th a t  th e  f o l l o w i n g  q u e s t io n  s h o u ld  b e  s u b m it te d  t o  th e  
C .C .I.T . :

Is it necessary in  radio circuits used in  association  w ith 5-unit start-stop apparatus to  provide  
for the transm ission o f  signals other than those specified by the International T elegraph A lphabet 
N o . 2, e.g. in  the International T elex Service. I f  so , w hat are the characteristics and tolerances 
o f  such signals, w hich are required to  be transm itted over radio circuits ?

Q U E S T I O N  N o .  110

T H E  U S E  O F  R A D IO  C IR C U IT S  IN  A S S O C IA T IO N  
W IT H  5 -U N IT  S T A R T -S T O P  T E L E G R A P H  A P P A R A T U S  

M axim um  to lerab le signal e rro r  ra te s

The C .C .I.R .,' (L ondon, 1953)

c o n s id e r in g  :

(a )  T hat the transm ission difficulties present on  certain types o f  radio circuits m ake som e errors 
in telegraph transm ission inevitable ; ,

(b )  T hafithe type o f  telegraph system  selected for a particular use over a radio circuit m ay depend  
upon the proportion  o f  errors that can be tolerated ;

u n a n i m o u s l y  d e c id e s  that the fo llow in g  question  should  be subm itted  to  the 
C .C .I.T . :

W hat are the m axim um  tolerable signal error rates for various types o f  telegraph service ?
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S IG N A L  A M P L IT U D E S  IN  IN D IV ID U A L  C H A N N E L S  O F  M U L T I-C H A N N E L
T E L E P H O N E  S Y S T E M S

T he C .C .I.R ., * (L ondon, 1953)

CONSIDERING :

(a )  T hat in m ulti-channel telephone system s for line or radio transm ission , interference due to  
harm onics and interm odulation  is an im portant lim ita tio n ;

(b )  T hat m athem atical studies o f  various aspects o f  this interference have been published ;

(c )  T hat data on  the statistical distribution o f  signal am plitudes w ith tim e are an  essential basis 
for  such studies';

(d )  T hat studies o f  such data have been published in various countries ;

u n a n i m o u s l y  d e c id e s  that the fo llow in g  question  should  be subm itted to  the
C .C .I.F . :

W hat is the statistical d istribution w ith tim e o f  the instantaneous signal am plitudes on  
ind ividual te leph one channels w hich can be regarded for practical purposes as representative  
o f  norm al operating cond itions at a po in t o f  zero reference level ?

QUESTION No. I l l

Q U E S T IO N  -No. 112

IN F O R M A T IO N  R E Q U IR E D  
O N  T H E  T R A N S M IS S IO N  C H A R A C T E R IS T IC S  O F  L IN E S  S Y S T E M S  

F O R  U S E  IN  T H E  D E S IG N  O F  W ID E -B A N D  
R A D IO  R E L A Y  S Y S T E M S

T he C .C .I.R ., (L ondon, 1953)

u n a n i m o u s l y  eJe c id e s  that the fo llow in g  question  should  be subm itted to  the
C .C .I.F . :

1. F or w hat percentage o f  the tim e are the specified transm ission  characteristics attained in
existing lin e  system s ;

2. T o w hat exten t are these characteristics affected by the transm ission  o f  either m ulti-channel
V .F . telegraph traffic or V .F . signalling tones over these line system s ?



Q U E S T IO N  N o . 113 (IX )

P R O C E D U R E  F O R  IN T E R N A T IO N A L  C O N N E C T IO N S  
B E T W E E N  R A D IO -R E L A Y  S Y S T E M S  W IT H  D IF F E R E N T  C H A R A C T E R IS T IC S

The C.C.I.R., (Approved by correspondence, 1954.)

CONSIDERING :

(a) That international connections between radio-relay systems with'different characteristics will
necessitate special arrangements a t the junction ;

(b) T hat the C.C.I.F. Study G roup 3 proposes to  the XVIIth Plenary Assembly of the C.C.I.F.
that, where different types o f coaxial system are directly connected across a frontier, each
Administration concerned should accept on the receive side the conditions of transmission
norm al to  the incoming system ;

d e c i d e s  that the following question should be studied : . .

Whether,, where different types of radio-relay systems are directly connected across a frontier, 
each Administration concerned should accept on the receive side the conditions of transmission 
norm al to  the incoming system.

Q U E S T IO N  N o . 114 (IX )

F R E Q U E N C Y  T O L E R A N C E S  F O R  T R A N S M IT T E R S  
U S E D  IN  W ID E -B A N D  R A D IO -R E L A Y  S Y S T E M S  

O P E R A T IN G  A T  F R E Q U E N C IE S  A B O V E A B O U T  30 M c/s

The C.C.I.R., (Approved by correspondence, 1954)

CONSIDERING :

(a) That- the. frequency stability of the transm itters used in wide-band radio-relay systems, on the
one hand, needs t o  be of a relatively high order, so as to  avoid waste of the radio-frequency
spectrum and, on the other hand, must not be so high as to  require uneconomical designs of
equ ipm en t;

(b) That the frequency stability m ust be sufficient to  avoid difficulty in the reception of such
transmissions, particularly when international connections a t radio-frequency are involved ;

(c) That relatively close frequency tolerances may be desirable in order to  avoid inter
ference between different radio-relay systems ;

(d) That the International Radio Regulations, Atlantic City, 1947, Appendix 3, p. 227, state that
the tolerances applicable to  transm itters operating in the frequency range 500 to  10,500 Mc/s
are 0.75% and that no closer tolerances can be specified in the Regulations until C.C.I.R.
opinion is availab le;

(e) T hat this tolerance is much wider than corresponds to  the needs referred to  under (a), (b) and
(c) above and is, in any case, substantially wider than present techniques p e rm it;
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d e c i d e s  that the following question should be studied :

W hat are the frequency tolerances that it is practicable and desirable to  adopt a t the present 
time for the transmitters of wide-band radio-relay systems operating a t frequencies above about 
30 Mc/s, particularly above 500 Mc/s ?

Q U E S T IO N  N o . 115 (IX ) :

M E T H O D S  F O R  T H E  C O M P U T A T IO N  O F  IN T E R M O D U L A T IO N  N O IS E  
D U E  T O  N O N -L IN E A R IT Y  IN  R A D IO -R E L A Y  S Y S T E M S

The C.C.I.R., (Approved by correspondence, 1954)

CONSIDERING :

(a) T hat intermodulation noise may at times constitute an appreciable part of the to ta l noise in
an audio channel at the output of a radio-relay system ;

(b) T hat precise methods for computing intermodulation noise due to  non-linearity in radio-relay
systems have not yet been developed, particularly as regards the combination of the noise
contributions from individual radio-relay stations with the object o f determining the overall
interm odulation noise ;

d e c i d e s  that the following question should be studied :

1. In  what way is it possible to  compute precisely the interm odulation noise due to  the circuit
elements a t each station ?

2. How may the contributions from the circuit elements a t each individual station, and for the
stations as a whole, be combined as precisely as possible to  determine the overall noise a t the
output o f the system ?

-- 378b --



Q U E S T IO N  N o . 116 (IX )

O P E R A T IO N A L  C A R A C T E R IS T IC S  O F  L O N G  D IS T A N C E  
R A D IO  R E L A Y  S Y S T E M S

(P rov isional tex t)

Having regard to the agreed diversity of types of equipment which already exist on radio relay 
systems, in order to  enable (for example), Administrations or operating agencies to make arrange
ments to select the most suitable systems for inclusion in the International Telecommunication 
Network, and in order tha t the C.C.I.R. in its studies of standardization of radio relay systems 
may define adequately the general characteristics of long distance systems, it is necessary to set 
up a preliminary classification of the various types of radio relay system in the manner shown below.

(1) R adio  re la y  sy stem s using individual voice channels:

— N um ber of channels.
— M ethods of use, numbers of channels for telephone transmission, one or more channels of

telegraph transmission.
— U pper limit of frequencies transm itted by system.
— Maximum spacing for relay stations measured under topographical conditions and typical

propagation.
— Maximum permissible num ber o f modulation and dem odulation stages.
— Various types of interconnection achievable a t relay stations.

(2) R adio  re la y  sy stem s capable o f  transm itting wide bandw idth m odulation . (V ideo  circuit or
carrier frequ en cy  channel on the radio sy stem .)

. — Num ber of channels on a radio relay system (a channel is a video circuit after modulation 
to radio frequency or to  intermediate frequency).

— Video circuit, corresponding to  each channel and the nature of the signals which can 
be transm itted over this channel.

— U pper limit o f the m odulation frequency accepted by the system. *
—■ Maximum spacing of relay stations, for example, under typical propagation and topogra

phical conditions.
— Maximum permissible num ber of modulation and dem odulation stages.
— The various types and arrangements of interconnection that can be achieved at a relay 

station.
Each Administration should study the necessary terminology and make proposals for choice 

of standard terms corresponding to  the more im portant characteristics used in radio relay systems, 
for exam ple:

— “ channel ” , “ video circuit ” , etc.

Question No. 15 o f C.C.T.F. Study Group No. 5, and to be studied in collaboration with that Study Group.
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Q U E S T IO N  N o . 117 (X I) *

S IN G L E  V A L U E  O F  S IG N A L -T O -N O IS E  R A T IO  
F O R  D IF F E R E N T  T E L E V IS IO N  S Y S T E M S

(P rov isional tex t)

Will it be possible to  recommend a single value of the signal/noise ratio for all types of erratic, 
continuous “ noise ”  and for all television systems, by using a curve which gives a “ weighting” 
to each narrow  frequency band in the noise spectrum ?

* Question No. 14 o f C.C.I.F. Study Group No. 3, and to be studied in collaboration with that Study Group.
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Q U E S T IO N  N o . 118 (X I) *

C O L O U R  T E L E V IS IO N  S T A N D A R D S

The C.C.I.R., (A p p ro ved  a t  Brussels, 1955)

CONSIDERING :

(a) That Question No. 64 does not cover all aspects of the problems arising in the standardization
of colour television ;

(b) That, in Europe a t least, the situation in Bands I and III differs from that in Bands IV and
V, and that, in deciding on colour systems for Bands I and III, individual Administrations
may find it convenient to use systems compatible with their monochrome systems already
working in these bands ;

(c) That as Bands IV and V have not yet been exploited in many countries, it is desirable and
theoretically possible for these countries to achieve a common standard for these bands ;

(d) That in choosing a colour system for Bands IV and V Administrations may well be influenced
by any colour systems which they may have adopted for Bands I  and III, and that this
possibility complicates the choice of common standards ;

d e c i d e s  that the following question should be studied :

W hat standards can be recommended for colour television for public broadcasting ? Account
should be taken of such points as :

(a) Satisfactory picture (colour and monochrome) and sound quality ;

(b) Economical use of bandwidth ;

(c) Reliable receivers of reasonable co s t;
(d) Operation of studio, transm itting and relaying equipment ;
(e) Susceptibility to  interference ;

(f) Compatibilities ** ;
(g) Frequency planning ;

(h) International exchange of programmes ;
(i) Scope for developm ent;

(j) The differences between Bands I  and III as compared with Bands IV and V.

* Study Programmes Nos. 80 (XI) and 81 (XI) arise from this Question.
** A compatible colour television system is one that produces acceptable monochrome versions of the colour pictures on

existing monochrome receivers.
A reverse compatible colour television system is one that produces acceptable monochrome pictures on colour receivers 

from existing monochrome transmissions : in either case the bandwidths of the colour and monochrome systems may be the same 
or different.
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The C.C.I.R., (A p p ro ved  a t Brussels, 1955)

d e c i d e s  that the following studies should be carried o u t :

1. The preferred colorimetric parameters for representing the television picture ;
2. The scanning standards that can be recommended, e.g. sequential (field, line, dot), simul

taneous or mixed ;
3. Comparison of the various methods of coding and decoding the colour picture inform ation ;
4. The minimum acceptable bandwidths for the signal components corresponding to these

parameters. .

S T U D Y  P R O G R A M M E  N o . 81 (X I) ***

S T A N D A R D S  F O R  R A D IA T E D  C O L O U R  T E L E V IS IO N  S IG N A L S

The C.C.I.R., (A p p ro ved  a t  Brussels, 1955)

d e c i d e s  that the following study should be carried out :

Comparison of different colour television systems in terms of the criteria listed in the text 
of Question No. 118 (XI). These comparisons should pay particular attention to  colour television 
systems which are either in operation, or which are or have been the subject of experiment.

Q U E S T IO N  N o . 119 (X I)* * * *

R A T IO  O F  T H E  W A N T E D  T O  T H E  U N W A N T E D  S IG N A L  IN  T E L E V IS IO N

The C.C.I.R., (A p p ro ved  a t Brussels, 1955)

CONSIDERING :

(a )  That the satisfactory operation of a television service renders it necessary to specify the 
maximum field-strength of interfering or unwanted signals which can be tolerated without 
unduly affecting the reception of television programmes ;

* This Study Programme arises from Question No. 118 (XI).
** The answers to Question No. 68 with studies and experience o f colour television systems should be taken into account.

*** This Study Programme arises from Question No. 118 (XI).
**** The text o f this Question differs from that of Question No. 67 (XI) only in the wording o f the “ Note
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(b) That the frequency bands allotted for television broadcasting services are so limited that it
is essential for more than one transmitting station to operate in the same ch an n e l;

(c) That, on the frequencies used for television, radio waves in certain cases travel to distances
far in excess of the norm al service area ;

(d) That the varying propagation of such waves, under different conditions, is the major factor
in determining the geographical distances separating television transm itting stations to avoid
mutual interference ;

d e c i d e s  tha t the following question should be studied :

The determination of the minimum admissible ratio of wanted to unwanted signal, when two 
television transm itters are operating :

— in the same channel,
— in adjacent channels,
— with dissimilar but partially overlapping bandwidths.

Note. — The reply to the question should give the protection ratios required when the trans
mitters are both radiating monochrome signals, both radiating colour signals, and when the one 
is radiating a monochrom e and the other a colour s igna l; and it should take into account all the 
different signal standards that may be used and should also indicate percentage of time during 
which protection is desired, and the proportion of the programme time for which the stated degree 
o f interference m ust be avoided. Separate answers may be required for various grades of service.

Q U E S T IO N  N o . 120 (X I)

E X C H A N G E  O F  T E L E V IS IO N  P R O G R A M M E S

The C.C.I.R., (Approved at Brussels, 1955)

CONSIDERING :

(a) That it is desirable to exchange television programmes between countries,
(b) That a variety of television standards is in use ;

d e c i d e s  that the following question should be studied :

W hat m ethods can be used to  enable television programmes to  be exchanged between 
countries :
1. When the nominal field frequencies are the same, but the numbers of lines are different, or

vice-versa ;
2. When the nominal field frequencies as well as the numbers of lines are different;
3. When the nominal field frequencies are the same and the numbers of lines are the same, but

the synchronising signals are different in form ?

Note. — Programme exchanges between different monochrome systems, between different
colour systems, and between monochrome and colour systems should be considered.
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Q U E S T IO N  N o . 121 (X I)

T H E  T R A N S M IS S IO N  O F  M O N O C H R O M E  A N D  C O L O U R  T E L E V IS IO N  
S IG N A L S  O V E R  L O N G  D IS T A N C E S

The C.C.I.R., (Approved at Brussels, 1955)

CONSIDERING :

(a) That all the inform ation required by the C.C.I.R. and the C.C.I.F. relating to the requirements
for the transmission of monochrome television signals over long distances is not yet available ;

(b) That it is necessary to study without delay the problems that may arise in the future concerning
the transmission of colour television signals, whatever form  these signals may take ;

(c) That the choice of a standard colour television system m ust certainly take into account the
possibility of transm itting the signals over existing links as well as the requirements that
may be imposed on future circuits ;

(d) That the adoption of a hypothetical reference circuit o f 2500 km length for the presentation
of the results of studies, as proposed by the C.C.I.F. for cable circuits, is acceptable and
u se fu l;

d e c i d e s  that the following question should be studied :

For the transmission of monochrome or colour television signals over a hypothetical reference 
circuit (2500 km) :
1. W hat are the characteristics of the signal and of the circuit that m ust be considered, what

are their recommended values and what tolerances must be imposed in order to  ensure satis
factory transmission ?

2. How do these characteristics and their values and tolerances differ as between the requirements
for the transmission of monochrome signals and of colour signals ?

3. W hat methods of measurement and what test signals can be recommended for checking
the characteristics ?

Q U E S T IO N  N o . 122 (X I)

T H E  G A IN  O F  A T E L E V IS IO N  T R A N S M IS S IO N  C IR C U IT  

The C.C.I.R., (Approved at Brussels, 1955)

CONSIDERING :

(a) That C.C.I.F. 3rd Study G roup in cooperation with the C.C.I.R., O .I.R. and E.B.U. has
submitted an urgent question (Question No. 13) for study in 1955-1957, concerning the defi
nition of attenuation for television transmission circuits, and the measurement methods
applicable thereto ;

(b) That the gain of television transmission circuits m ust be m aintained So as to remain as
constant as possible (see Study Programme No. 32, § F) ;

* Study Programme No. 32 (XI) arises from this Question.
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A L L O C A T IO N  

O F  R E P O R T S , R E S O L U T IO N S , Q U E S T IO N S  A N D  S T U D Y  P R O G R A M M E S  

T O  T H E  S T U D Y  G R O U P S  O F  T H E  C .C .I.R .

Note. —  In this list, in conformity with the instructions o f the V llth  Plenary Assembly, the Questions 
are follow ed by the relevant Study Programmes., The Study Programmes which are not derived from  
any Question at present under study are marked with an asterisk.

ST U D Y  G RO UP N o . I 
(Transmitters)

Chairman: Dr. Ernst M e t z l e r  (Switzerland)
Vice-Chairman: Colonel Jean L o c h a r d  (France)

Report N o . 16 
Report N o . 17 
Report N o . 18 
Question N o . 1 (I)
Study Programme N o . 2 (I) 
Study Programme N o . 3 (I) 
Study Programme N o . 39 (I) 
Study Programme N o . 40 (I) 
Question N o . 18 (I)
Question N o. 20 (I)
Study Programme N o . 41 (I) 
Question N o . 74 (I)

Question N o . 75 (I)

Telegraphic distortion
Harmonics and parasitic emissions >
Frequency stabilisation o f transmitters 
Revision o f Atlantic City Recommendation N o . 4 
Harmonics and parasitic emissions 
Frequency stabilisation o f transmitters 
Bandwidth o f  emissions
M ethods o f measuring emitted spectra in actual traffic 
Telegraphic distortion 
Frequency shift keying 
Frequency shift keying
Arrangement o f channels in multi-channel telegraph systems for 

long-range radio circuits operating on frequencies below  
about 30 M c/s

Limitation o f unwanted radiation from industrial installations

ST U D Y  G R O U P N o . II 
(Receivers)

Chairman: 
Vice-Chairman:

Mr. Pierre D a v id  (France) 
Mr. P. A b a d ie  (France)

Question N o. 76 (II)
Question N o . 77 (II)
Question N o . 78 (II)

Question N o . 79 (II)
Question N o . 80 (II)

*Study Programme N o . 42 (II) 
*Study Programme N o . 43 (II)

Sensitivity and noise factor  
Frequency stability o f receivers
Choice o f intermediate frequency and protection against un

desired responses o f  super-heterodyne receivers
The responses o f radio receivers to quasi-impulsive interference
Undesired em issions from  receivers
Selectivity o f receivers
Protection against keyed interfering signals
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ST U D Y  G RO UP N o. I ll  
(Complete radio systems employed by the different services)

Chairman: Dr. H .C .A. van D u u r e n  (Netherlands)
Vice-Chairman: Mr. J. S m a l e  (United Kingdom)

Report N o. 19 
Question N o . 3 (HD
Study Programme N o. 44 (HI)

Study Programme N o. 45 (III)
Question No.- 43, (III)
Study Programme N o. 46 (III)
Question N o. 44 (III)
Study Programme N o. 47 (III)
Question N o. 81 (III)
Study Programme N o. 48 (III)
Question N o. 82 (III)
Study Programme N o. 49 (III)
Question N o. 83 (III)

Study Programme N o. 50 (HI)

Question N o. ̂  84 (III)

Voice frequency telegrapliy on radio circuits 
Revision o f Atlantic City Recom m endation N o . 4 
Effect o f interference and noise on quality o f service in the 

presence o f fading
Bandwidths and signal-to-noise ratios in complete systems
Voice frequency telegraphy on radio circuits
Voice frequency telegraphy on radio circuits
Communication theory 
Communication theory 
Directivity o f antennae at great distances 
Improvement obtainable from the use o f directional antennae 
Interference effects o f atmospheric noise on radio reception 
Interference effects o f atmospheric noise on radio reception 
The use o f radio circuits in association with 5-unit start-stop 

telegraph apparatus
The use o f radio circuits in association with 5-unit start-stop 

telegraph apparatus 
Determination o f the maximum interference levels; tolerable in 

complete systems

ST U D Y  G R O U P N o. IV 
(Ground wave propagation)

Chairman: Professor L. S a c c o  (Italy)
Vice-Chairman: Mr. G. M i l l in g t o n  (United Kingdom)

Report N o. 3 
Report N o . 20 
Report N o. 21 
Resolution N o. 10 
Resolution N o. 11

Question N o. 6 (IV)
Study Programme N o. 51 (IV) 
Study Programme N o. 52 (IV) 
Study Programme N o. 53 (IV) 
Study Programme N o. 54 (IV)

Review of publications on propagation (ground-wave) 
Temporal variation of ground-wave field strengths 
Ground-wave propagation over irregular terrain 
Extension o f the C.C.I.R. propagation curves below 300 kc/s 
Publication o f ground-wave propagation curves between 30 and 

300 Mc/s 
Ground-wave propagation
Effects o f tropospheric refraction on frequencies below 10 M c/s 
Temporal variation o f ground-wave field strengths 
Ground-wave propagation over m ixed paths 
Ground-wave propagation over irregular terrain

Report N o . 4 
Report N o. 5

ST U D Y  G R O U P N o. V 
(Tropospheric propagation)

Chairman: Dr. R.L. S m it h - R o se  (United Kingdom)
Vice-Chairman: Mr. E.W. A l l e n  (United States)

Methods o f measuring field strength
Measurement o f field strength (respective merits o f the two main 

types o f equipment now in use)
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Question N o. 85 (V)

Question N o. 86 (V)

* Study Programme N o . 19 (V)

* Study Programme N o. 55 (V)

*Study Programme N o . 56 (V)

*Study Programme N o . 57 (V)

Report No. 22 Field-strength measurements (merits o f a standard noise 
generator as the source of the locally-generated signal)

Propagation* data required for wide band radio systems

The measurement of field strength in the neighbourhood of 
obstacles

Measurement of field strength o f radio signals

Tropospheric propagation curves for distances well beyond the 
horizon

Tropospheric wave propagation

Investigation of multipath transmission through the troposphere

ST U D Y  G R O U P N o. VI 

(Ionospheric propagation)

Chairman: Dr. J.H. D e l l in g e r  (United States)
Vice-Chairman: Dr. N e w b e r n  S m it h  (United States)

Report N o. 7

Report N o . 9 

Report N o. 23 

Report N o . 24 

Report N o. 25 

Report N o. 26

Report N o. 27

Report N o . 28

Resolution N o, .12 

Resolution N o . 13 

Resolution N o. 14

*Study Programme N o . 58 (VI)

* Study Programme N o. 59 (VI)

*Study Programme N o . 60 (VI)

*Study Programme N o . 61 (VI)

*Study Programme N o . 62 (VI)

*Study Programme N o . 63 (VI)

*Study Programme N o . 64 (VI).

*Study Programme N o . 65 (VI)

*Study Programme N o . 66 (VI)

* Study Programme N o. 67 (VI)

Long distance propagation o f waves of 30 to 300 M c/s by way 
o f ionization in the E arid F regions of the ionosphere

Interference to radio reception at sea due to atmospheric causes

Practical uses a n d . reliability o f ionospheric propagation data

Questions submitted by the I.F.R.B.

Choice o f a basic index for ionospheric propagation

Exchange o f information for the preparation o f short-term  
forecasts and the transmission o f ionospheric disturbance 
warnings

Fading o f high frequency and medium frequency signals pro
pagated by the ionosphere

Centralizing agencies for the rapid exchange o f inform ation  
on propagation

Usage and meaning o f ’M U F

Preparation of short-term forecasts o f ionospheric disturbances

Investigation o f  circularly polarized emitted waves propagated 
via the ionosphere

Choice o f a basic solar index for ionospheric propagation

Identification o f precursors indicative o f short-term variations 
o f ionospheric propagation conditions

Basic prediction information for ionospheric propagation

Non-linear effects in the ionosphere

Use of special m odulation on the standard frequency trans
missions for assessing the reliability o f propagation forecasts

Radio propagation at frequencies below 1500 kc/s

Ionospheric propagation o f waves in the band 30 to 300 M c/s

Measurement of atmospheric radio noise

Study o f fading

Pulse transmission tests at oblique incidence

Study Programme No. 79 (V) Tropospheric propagation across mountain ridges
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ST U D Y  G R O U P N o . VII 
(Radio time signals and standard frequencies)

Chairman: Mr. B. D e c a u x  (France)
' ' Vice-Chairman: Professor M. B o e l l a  (Italy)

Report N o. 29 Standard frequency transmissions and time signals
Question N o . 87 (VII) ■ Standard frequency transmissions and time signals
Study Programme N o. 68 (VII) Standard frequency transmissions and time signals

ST U D Y  G R O U P N o. VIII 
(International monitoring)

Chairman: Mr. A .H . C a n n o n  (Australia)
Vice-Chairman: Mr. J. C a m p b e l l  (Australia)

Question N o . 88 (VIII)
Question N o. 89 (VIII)

*Study Programme N o . 69 (VIII)
* Study Programme N o. 70 (VIII)

Autom atic m onitoring o f the radio frequency spectrum  
Frequency measurements above 50 M c/s by m onitoring stations 
Accuracy o f  field strength measurements by monitoring stations 
Spectrum measurement by monitoring stations

ST U D Y  G R O U P N o. IX  
(General technical questions)

Chairman: Mr. H . S t a n e s b y  (United Kingdom)
Vice-Chairman: Mr. G. P e d e r s e n  (Denmark)

Report N o. 30 

Report N o . 31 

Resolution N o . 15 

Question N o. 90 (IX)

Question N o . 91 (IX)

Question N o . 92 (IX)

Question N o . 93 (IX)

Question N o . 94 (IX)

Q uestion N o. 95 (IX)
Q uestion N o . 96 (IX)
Question N o. 97 (IX)

The use o f radio circuits in association with 5-unit start-stop 
telegraph apparatus

W ide-band radio systems operating in the V H F (metric), U H F  
(decimetric) and SH F (centimetric) bands

Standardisation o f  facsimile apparatus for use on combined  
5 radio and metallic circuits

International wide-band radio relay systems operating on fre- 
, quencies above about 30 M c/s : Interconnection o f  multiplex 

systems
International wide-band radio relay systems operating on fre

quencies above about 30 M c/s : Transmission o f telephony 
and television on the same system

Standardization o f multi-channel radiotelephone systems using 
time division multiplex and operating on frequencies above  
about 30 M c/s

Standardization o f  multi-channel radio systems using frequency 
division multiplex and operating on frequencies above 
about 30 M c/s

Fa

Question No. 113 (IX) Procedure for international connections between radio-relay systems with 
         different characteristics
Frequency tolerances for transmitters used in wide-band radio-relay 
         systems operating at frequencies above about 30 Mc/s
Methods for the computation of intermodulation noise due to non-linearity in 
         radio-relay systems

Question No. 114 (IX)

Question No. 115 (IX)

Question No, 116 (IX) Operational characteristics of long distance radio relay systems
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ST U D Y  G RO UP N o. X  
(Broadcasting including questions relating to single sideband)

Chairman: Mr. N eal M e N a u g h t e n  (United States)
. Vice-Chairman: Mr. A. Prose W a lk e r  (United States)

Report N o. 13

Report N o. 14 
Report N o. 32 
Report N o. 33 
Resolution N o. 16

Resolution N o. 17 
Question N o. 23 (X)
Question N o . 37 (X)

Study Programme N o . 71 (X)

Study Programme N o . 72 (X) 
Question N o. 39 (X)

Study Programme N o . 73 (X)

Question N o. 98 (X)

Question N o. 99 (X)
Question N o . 100 (X)

*Study Programme N o . 74 (X)

The minimum number o f frequencies necessary for the trans
mission o f a high frequency broadcasting programme

High frequency broadcasting reception
High frequency broadcasting, directional antenna systems
Questions N os. 14 and 15 o f the C.C.I.F.
Standards o f sound recording for the international exchange of 

programmes (cine type spools)
The use of the 26 M c/s broadcasting band
High frequency broadcasting, directional antenna systems
High frequency broadcasting, justification for use o f more than 

■one frequency per programme
H igh frequency broadcasting, justification for use o f  more than 

one frequency per programme
High frequency broadcasting, use o f synchronized transmitters
High frequency broadcasting, conditions for satisfactory recep

tion
High frequency broadcasting, conditions for satisfactory recep

tion
H igh frequency broadcasting, modification o f receivers for 

closer spacing between carrier frequencies
Frequency modulation broadcasting in the V H F (metric) band
Sound recording on films for the international exchange o f  

television programmes
Standards o f sound recording for the international exchange 

o f programmes

ST U D Y  G RO UP N o  XI 
(Television including questions relating to single sideband)

Chairman: 
Vice-Chairman:

M r., E rik  E s p in g  (S w ed e n )  

M r. G. H a n s e n  (B e lg iu m )

Report N o . 34,
"Report N o. 35
* Study Programme N o . 32 (XI)

Question N o . 64 (XI)
Study Programme N o . 33 (XI)
Study Programme N o . 34 (XI)
Study Programme N o . 35 (XI)
Study Programme N o . 36 (XI)
Study Programme N o . 37 (XI)
Question N o. 65 (XI) ' ... . 
Study Programme N o . 75 (XI) 
Question N o . 66 (XI)

Ratio o f the wanted to the unwanted signal in television  
Television systems
The requirements for the transmission o f television over long  

distances
Television standards
Television field frequency
Picture and sound m odulation
Reduction o f the bandwidth for television
Conversion o f a television signal from one standard to another
Black-and-white and colour television

.Assessm ent o f  the quality o f television pictures-
M easurement o f the quality o f television pictures
Television recording
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Question N o. 67 (XI)
Question N o. 68 (XI)
Study Programme N o . 76 (XI) 
Question N o. 101 (XI)

ST U D Y  G R O U P N o. XII 
(Tropical broadcasting)

Chairman,: M r. B .V . B a l ic a  (India)
Vice-Chairman: Dr. M .B. S a r w a t e  (India)

Report N o. 36 
Question N o. 102 (XII)
Study Programme N o. 38 (X ll)

Study Programme N o . 77 (XII)
Question N o. 69 (XII)

Question N o. 71 (XII)
• Question N o. 103 (XII)

ST U D Y  G R O U P N o. XIII 
(Operation questions depending principally on technical considerations)

Chairman: Mr. J .D .H . van der T o o r n  (Netherlands)
Vice-Chairman: M r. J. So b e r g  (N o r w a y )

Publication o f service codes in use in the international telegraph 
service

Identification o f radio stations 
Identification o f radio stations 
Identification o f radio stations 
Marine identification device
Bearing and position classification for H F (decametric) and 

V H F (metric) direction-finding
Technical characteristics o f frequency modulated VHF (metric) 

maritime equipments
Testing o f 500 kc/s radiotelegraph auto-alarm receiving equip

ment on board ships

ST U D Y  G R O U P N o. XIV  
(Vocabulary)

Chairman: Professor Tullio G o r io  (Italy)
Vice-Chairman: Mr. R. V il l e n e u v e  (France)

Report N o. 37 Decim al classification
Resolution N o. 5 Means o f expression (definitions, vocabulary, graphical and

letter symbols)
■ Question N o. 72 (XIV) Decimal classification

Resolution N o. 18

Resolution N o. 19 
Question N o. 104 (XIII)
Study Programme N o. 78 (XIII) 
Question N o. 105 (XIII) 
Q uestion N o. 106 (XIII)

Question N o. 107 (XIII)

Question N o. 108 (XIII)

D esign o f aerials for tropical broadcasting
Interference in the bands shared with broadcasting
Short distance high frequency broadcasting in the tropical zone 

(tropical broadcasting)
Interference in the bands shared with broadcasting
Best m ethod for calculating the field strength produced by a 

tropical broadcasting transmitter
Determ ination o f noise level for tropical broadcasting
Design o f transmitting aerials for tropical broadcasting

Ratio o f the wanted to the unwanted signal in television
Resolving power and differential sensitivity o f the human eye
Resolving power and differential sensitivity o f the human eye
Advantages to be obtained from consideration o f polarization 

in the planning o f broadcasting services in the VH F (metric) 
and U H F  (decimetric) bands (television and sound)

Question No.  117 (XI) Single value of signal-to-noise ratio for different television systems
Question No.  118 (XI)                 Colour television standards
Question No.  119 (XI)                 Ratio of the wanted to the unwanted signal in television
Question No.  120 (XI)                 Exchange of television programmes
Question No.  121 (XI)                 The transmission of monochrome and colour television signals over long 
         distances
Question No.  122 (XI)                 The gain of a television transmission circuit



Q UESTIO NS SU BM ITTED TO OTHER CO NSULTATIVE COM M ITTEES

(Art. 7, § 2, International Telecommunication Convention, Buenos Aires, 1952)

(a) Subm itted to the C.C.I.T .

Q uestion N o. 109 The use of radio circuits in association with 5-unit start-stop
telegraph apparatus : Signals other than those specified by 
the International Telegraph Alphabet N o. 2

Q uestion N o. 110 The use o f radio circuits in association with 5-unit start-stop
telegraph apparatus : The maximum tolerable signal error 
rates

(b) Subm itted to the C.C.I.F.

Question N o. I l l  Signal amplitudes in individual channels o f multi-channel
telephone systems

Question N o. 112 Information required on the transmission characteristics o f line
systems for use in the design o f wide band radio relay 
systems .
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V A R IO U S  O R G A N IS A T IO N S  M E N T IO N E D  IN  T H IS  V O L U M E

The name of each organisation in this list is followed by the reference numbers o f the texts in 
which the organisation is mentioned.

The numbers o f the texts most closely connected with the organisation are shown in italics.

Bureau International de l ’Heure (B.I.H.)
Recom m endation N o. 122.

International Telegraph Consultative Committee (C.C.I.T.)
Recom m endations N os. 92, 93, 127, 144.
Reports N os. 16, 19, 37.
Resolutions N os. 15, 18.
Questions N os. 18 ( I ) ,  43 (III), 76 (II), 94 (IX ), 109, 110.
Study Programmes N os. 28 (IX), 46 (III).

International Telephone Consultative Committee (C .C.I.F.)
Recom m endations Nos. 40, 75, 77, 87, 91, 127, 144.
Reports Nos. 31,- 33, 37.:
Questions N os. 64 (XI), 97 (IX), 111, 112. ,
Study Programmes Nos. 28 (IX ),  32 (XI), 45 (III).

International Frequency Registration Board (I.F.R .B.)
Recommendations N o. 19, 20.
Rapport N o. 24.
Resolutions N os. 10, 19. -.
Study Programmes Nos. 63 (VI), 78 (XIII).

International. Radio Maritime Committee (I.R .M .C.)
Question N o. 78 (II).

Special International Committee o f Radio Interference (C .I.S.P.R.)
Recommendations Nos. 27, 131.
Questions N os. 75 (I ) ,  79 (II), 80 (II), 84 (III).

International Electrotechnical Commission (I.E.C.)
Recom m endations Nos. 27, 131, 143, 144.
Question N o. 76 (II).

Joint Study Group C.C.I.T.-C.C.I.R.
Recom m endation N o. 127.
Resolution N o. 15.
Question N o. 94 (IX ).

International Federation o f Docum entation (F .I.D .)
Report N o. 37.
Question N o. 72 (XIV).

International Civil Aviation Organization (I.C.A.O .)
Question N o. 106 (XIII).

W orld M eteorological Organization (W .M .O.)
Recommendation N o. 121.
Study Programmes N os. 5 6 -(V ) , 65 (V I).

European Broadcasting Union (E.B.U.)
Question N o. 78 (II).

International Scientific Radio Union (U .R .S.I.)
Recommendations N os. 59, 107, 115, 120, 122.
Reports Nos. 4, 7, 26.
Resolutions Nos. 12, 14.

.Questions Nos. 79 (II), 80 (II), 85 (V ).
Study Programmes N os. 47 (111), 56 (V ) ,  58 (V I), 59 (V I), 60 (V I), 61 (V I), 63 (V I) , 65 (V I ) ,  

66 (VI), 67 (VI).
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A L P H A B E T IC A L  IN D E X

In this list each o f the texts relating to a subject is given in numerical order preceded by one 
o f the follow ing abbreviations :

Rec. for a Recom m endation  
Rep. for a Report 
Res. for a Resolution  
Qu. for a Question
S.P. for a Study Programme

Subject Documents Pages

A
Absorption
Study o f ionospheric — .............................................. .... ......................................... Rec. 115 145

Accuracy
—  of field-strength measurements made by monitoring stations . . . Rec. 65 59

Rec. 114 144
Rec. 123 154
S.P. 69 (VIII) 337

■— o f frequency measurements made by monitoring stations . . . . Rec. 20 28

Aerial(s) (see also Antenna(e))
Design o f —  for tropical b r o a d c a stin g ............................................................ Rec. 139 186

Rec. 140 187
Rep. 36 261
Qu. 103 (XII) 369

Agency(ies)
Centralizing — for the rapid exchange of information on propagation Rep. 28 228

Alarm
—  signal for use on marine radiotelephony distress frequency . . . Rec. 125 157
Testing o f 500 kc/s auto----- eq u ip m en t................................................ .... Qu. 108 (XIII) 373

Amplitude
—  of signal in multi-channel telephone s y s t e m s ................................ ....  • Qu. I l l 377

Antenna(e) (see also Aerial)
Choice o f  type o f  — ....................................................................................... ....  • Rec. 49 39
Directional —  in H .F. b r o a d c a s t in g .............................................. ..................... Rec. 80 72

Rep. 32 235
Qu. 23 (X) 344

Directivity o f —  at great d ista n ces..................................................................... Rec. 102 128
Qu. 81 (III) 309

Power supplied to — ............................ .................................... .... Rec. 129 162
Presentation o f —  radiation data............................................................ .... Rec. 108 135
U se o f directional —  . ............................ ................................................................ Rec. 103 129

S.P. 48 (III) 310
Astronomical measurements
Protection o f frequencies used for — ................................ .... Rec. 118 147
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Subject

Atmospheric noise
—  data . . ..................

Interference due to —

M easurement o f —  . . 

Auto-Alarm (see Alarm)

B
Band(s)
Interference in broadcasting —

Nom enclature o f frequency and wavelength — .........................................
U se 'o f  the 26 M c/s —  for b r o a d c a s t in g .......................................................

Bandwidth
— and signal-to-noise r a t io s  : . ..............................................

— at receiver o u t p u t    . . .
— o f  e m is s io n ..............................................................................................................

—  strictly necessary .................................................................................................
Reduction o f occupied — in radiotelephony ..............................................
Reduction o f occupied —  in television . . . ■....................... .......................

Bearing
— and position classification for H F and VH F direction finding . . 

Broadcasting
Interference in the bands,shared with — ................................ .......................

Measurement and tolerance o f interference to —  . . • ............................
Single sideband sound — ................................................................ ....

Broadcasting (HF)
Bandwidth o f e m is s io n s ..........................................................................
Conditions for satisfactory r e c e p t io n ................................................................

Directional antennae for H F — ..........................................................................

M aximum power for short distance H F — ...................................................
M inimum number o f frequencies necessary  ............................
M odification to receivers for closer spacing between carrier frequencies
Short-distance H F —  in tropical z o n e ....................................................... ....
U se of 26 M c/s band for —    . ' .....................
U se o f more than one frequency .................................... ; . ..........................

U se o f synchronised transmitters in H F  —   ................................

Documents Pages

Rec. 67 60
Rec. 120 148
Rep. 9 202
Qu. 82 (III) 31-1
S.P. 49 (III) 311
Rec. 119 147
S.P. 65 (VI) 329

Rec. 47 37
Rec. 48 38
Rec. 49 39
Rec. 138 185
Qu. 102 (XII) 363
S.P. 77 (XII) 366
Rec. 142 190
Res. 17 281

Rec. 99 125
S.P. 45 (III) 303
Rec. 101 128
Rec. 28 31
Rec. 87' 75
Rec. 88 82
S.P. 39 (I) 290
Qu. 1 (I) 287
Rec. 100 127
S .P .-35 (XI) 356

Qu. 106 (XIII) 372

Qu. 102 (XII) 363
S.P. 77 (XII) 366
Rec. 27 30
Rec. 136 184

Rec. 28 31
Rep. 14 204
Qu. 39 (X) 347
S.P. 73 (X) 347
Rec. 80 72
Rep. 32 235
Qu. 23 (X) 344
Rec. 84 74
Rep. 13 203
Qu. 98 (X) 348
S.P. 38 (XII) 365
Res. 17 281
Qu. 37 (X) 345
S.P. 71 (X) 345
Rec. 137 184
S.P. 72 (X) 346
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. • Subject Documents Pages

Broadcasting VH F
Frequency m odulation in the V H F b a n d ........................................................ Qu. 99 (X) 349
Polarisation in planning of V H F se r v ic e s ........................................................ Qu. 101 (XI) 361

Broadcasting (Tropical)
Best m ethod of calculating field strength ................................................... • Qu. 69 (XII) 367
Choice o f  frequency to avoid interference ........................................................ Rec. 48 38
D esig n 'o f aerials . . . . ’. ................................................................................... Rec. 139 186

Rec. 140 187
Rep. 36 261
Qu. 103 (XII) 369

D eterm ination o f noise l e v e l ..................................... .............................................. Qu. 71 (XII) 368
Interference in the bands shared with — ....................................................... Rec. 47 37

Rec. 48 38
Rec. 49 39
Rec. 138 185

Lim itation o f power o f tr a n s m it te r s ................................................................ Rec. 47 37
Rec: 84 74

M inimum permissible protection ratio to avoid interference . . . . Rec. 138 185
Short-distance H F  —  in the tropical zone . . . . . . . . . .  . . S.P. 38 (XII) 365
Site o f stations and type o f a n t e n n a e .......................................................  • Rec. 49 39

C
Carrier(s)
— operated devices for shore s t a t i o n s .................. .................................... ... Rec. 76 69
M odification of receivers for closer spacing between — ....................... Qu. 98 (X) 348

Channel(s)
— separation ....................... .... ......................................................................... ....  . Rec. 97 123

Rec. 98 124
Arrangement o f — in multi-channel telegraph s y s te m s ............................ Qu. 74 (I) 293
Arrangement of — in multi-channel transm itters............................... ....  . Rec. 91 88

Circuit(s)
Com bined radio and metallic —  in facsimile transmission .... • • • Qu. 94 (IX) 340
H ypothetical reference — for wide-band radio systems . .......................
Standardisation o f facsimile apparatus for use on com bined radio and

Qu. 97 (IX) 341

m etallic — ............................................................................................................... Rec. 127 160
U se o f radio links on international telephone — ..................................... Rec. 40 34

Circularly polarised waves
Investigation o f —  propagated via the io n o sp h e re ...............................  . Res. 14 280

Classification
Bearing and position —  for H F  and VH F direction-finding . . . . Qu. 106 (XIII) 372
Decim al —  .................................................................................................................... Rep. 37 267

Qu. ,72 (XIV) 375

Codes
Publication o f  service —■ in the international telegraph service . . . Res. 18 282
SIN PO , SIM PFEM O , FR A M E and RAFISBENQ O  — Rec. 141 187

Colour (Television)
Black-and-white and —  television .........................................................................

Combined circuits (see Circuits)

S.P. 37 (XI) 357
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