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Foreword by the Director, C.C.I.R.

At th e  F i r s t  S e s s io n  o f th e  LF/MF B ro a d c a s tin g  C o nference , 
Geneva, 197^^ "the C .C .I .R .,  in  Document No. 10 and i t s  Annex, su b m itted  
f o r  th e  in fo rm a tio n  o f d e le g a te s  a com prehensive s e r i e s  o f t e x t s  t h a t  
were f e l t  to  be o f  d i r e c t  a p p l ic a t io n  to  th e  problem s o f th e  C onference .

When th e  R epo rt by th e  F i r s t  S e s s io n  o f  th e  C onference was 
p re p a re d , i t  was d ec id ed  to  annex a c e r t a in  number o f th e s e  t e x t s  
to  th e  R eport a s  s u p p o r tin g  te c h n ic a l  in fo rm a tio n  on w hich th e  p la n n in g  
work o f th e  Second S e s s io n  co u ld  be b a se d .

T h is  s e r i e s  o f t e x t s ,  which i s  c o n ta in e d  in  th e  p re s e n t  
Annex, i s  s h o r te r  th a n  th e  o r ig i n a l  s e r i e s  f o r  th e  fo llo w in g  re a so n s  :

-  c e r t a in  o f  th e  t e x t s ,  w hich were c o n s id e re d  to  be p u re ly  
in fo rm a tiv e  in  n a tu re  o r  to  be o f secondary  im p o rtan ce , have 
been  o m itte d ;

-  o th e r  t e x t s ,  th e  m a te r ia l  o f  w hich has been  embodied in  th e
main body o f th e  R epo rt have been  o m itte d  to  av o id  d u p l ic a t io n .

On th e  o th e r  hand , th e  o p p o r tu n ity  i s  ta k e n  to  draw th e  
a t t e n t i o n  o f th e  d e le g a te s  to  th e  Second S e ss io n  o f th e  C onference to
th e  fo llo w in g  t e x t s  o f  th e  C .C .I .R . w hich , w h ile  o m itte d  from  th e
o r ig i n a l  c o l l e c t io n  on acco u n t o f t h e i r  b u lk , n e v e r th e le s s  c o n ta in
m a te r ia l  o f  d i r e c t  and im p o rtan t a p p l ic a t io n  to  th e  work o f th e  Second 
S e s s io n . These t e x t s  a re  :

-  R eport 322 : W orld d i s t r i b u t i o n  and c h a r a c t e r i s t i c s  o f 
a tm o sp h eric  r a d io  n o is e .

-  R ep o rt ~*)k0 + Supplem ent No. 1 : C .C .I .R . a t l a s  o f  io n o sp h e r ic  
c h a r a c t e r i s t i c s .

-  R ep o rts  413, 4 l4  and 415 : Improved e f f ic ie n c y  in  th e  use  o f 
th e  ra d io - f re q u e n c y  spectrum .

A ll  th e s e  t e x t s  a re  p u b lish e d  s e p a r a te ly  from th e  norm al 
Volumes o f th e  C .C .I .R . and may be p u rch ased  from th e  I .T .U . P u b lic a t io n s  
D iv is io n .

F in a l ly ,  r e fe re n c e  i s  made to  R eport 258-2 : "M easurement o f 
man-made r a d io  n o ise "  w hich , w h ile  n o t in c lu d e d  in  th e  o r ig i n a l  s e r i e s  o f 
t e x t s ,  i s  n e v e r th e le s s  f e l t  t o  c o n ta in  m a tte rs  o f i n t e r e s t  to  th e  Second 
S e ss io n  o f th e  C o nference . A copy o f t h i s  t e x t  i s  th e r e f o r e  in c lu d e d  in  
th e  p re s e n t  s e r i e s .
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R E C O M M E N D A T I O N S

RECOMMENDATION 368-2

GROUND-WAVE PROPAGATION CURVES FOR FREQUENCIES 

BETWEEN 10 kHz AND 10 MHz

(Q u estio n  3 -1 /5 )

(1951-1959-1963-1970-1974)

The C.C.I.R.,

CONSIDERING

(a ) t h a t  ground-wave p ro p a g a tio n  cu rv es  f o r  an ex tended  range  o f  f re q u e n c ie s  
a re  o f  co n tin u ed  im portance fo r  a l l  ty p e s  o f  rad iocom m unica tion , in c lu d in g  
n a v ig a t io n a l  aids*,

(b) t h a t  such cu rv es  a re  needed f o r  a range  o f  c o n d u c t iv i t ie s  i f  th e y  a re
to  ap p ly  to  th e  v a ry in g  c o n d itio n s  met w ith  in  p r a c t ic e  a long  la n d  p a th s ;

UNANIMOUSLY RECOMMENDS

th a t  th e  cu rv es  in  th e  Annex be used  fo r  th e  d e te rm in a tio n  o f  ground-wave 
f i e l d  s t r e n g th  a t  f re q u e n c ie s  below  10 MHz under th e  c o n d itio n s  s t a t e d .

ANNEX

The a t ta c h e d  cu rv es  ap p ly  to  p ro p a g a tio n  a t  f re q u e n c ie s  
below  10 MHz.



The fo llo w in g  p o in ts  a re  to  he e s p e c ia l ly  n o ted  w ith  re g a rd  to  them 

th e y  r e f e r  to  a smooth homogeneous e a r t h ;

no accoun t i s  ta k e n  o f  tro p o s p h e r ic  e f f e c t s  a t  th e s e  f r e q u e n c ie s ;

th e  t r a n s m i t t e r  and r e c e iv e r  a re  b o th  assumed .to  be on th e  g round. H e ig h t-  
g a in  e f f e c t s  can be o f  c o n s id e ra b le  im portance  in  c o n n ec tio n  w ith  n a v ig a t io n a l
a id s  f o r  h ig h - f ly in g  a i r c r a f t ,  b u t i t  has been d ec id ed  n o t to  in c lu d e  them
a t  th e  p r e s e n t  tim e ;

th e  cu rv es  r e f e r  to  th e  fo llo w in g  c o n d itio n s  :

-  th e y  a re  c a lc u la te d  f o r  th e  v e r t i c a l  component o f  e l e c t r i c  
f i e l d  from th e  r ig o ro u s , a n a ly s is  o f  van d e r  P o l and Bremmer;

-  th e  t r a n s m i t t e r  i s  an id e a l  H e r tz ia n  v e r t i c a l  e l e c t r i c  d ip o le  
to  w hich a v e r t i c a l  an ten n a  s h o r te r  th a n  one q u a r te r  w aveleng th  
i s  n e a r ly  e q u iv a le n t ;

-  th e  d ip o le  moment i s  chosen so t h a t  th e  d ip o le  would r a d ia te  
1 kW i f  th e  E a r th  were a  p e r f e c t ly  co n d u c tin g  i n f i n i t e  p lane  
u n d er w hich c o n d itio n s  th e  r a d ia t io n  f i e l d  a t  a  d is ta n c e  o f  
1 km would be 3 x 105yV/m;

-  th e  cu rv es  a re  drawn f o r  d is ta n c e s  m easured around th e  curved  
s u r fa c e  o f  th e  E a r th ;

-  th e  in v e r s e - d is ta n c e  cu rve  A shown in  th e  f i g u r e s ,  to  which th e  
cu rv es  a re  a sy m p to tic  a t  s h o r t  d i s ta n c e s ,  p a s se s  th ro u g h  th e  
f i e l d  v a lu e  o f  3 x  105yV/m a t  a  d is ta n c e  o f  1 km;

th e  p ro p a g a tio n  lo s s  d e f in e d  in  Recommendation 341 f o r  ground-w aves may 
be d e te rm in ed  from  th e  v a lu e s  o f  th e  f i e l d - s t r e n g t h  in  dB r e l a t i v e  to  
lyV/m g iv e n  in  th e  a t ta c h e d  cu rv es  by th e  u se  o f  e q u a tio n  (19) o f  R eport 112 ;

th e  cu rv es  sh o u ld , in  g e n e r a l ,  be u sed  to  d e te rm in e  f i e l d  s t r e n g th ,  on ly  
when i t  i s  known t h a t  io n o sp h e r ic  r e f l e c t i o n s  a t  th e  freq u en cy  under 
c o n s id e ra t io n  w i l l  be n e g l ig ib le  in  am p litu d e  -  f o r  exam ple, p ro p a g a tio n  in  
d a y l ig h t  betw een 150 kHz and 2 MHz and f o r  d is ta n c e s  o f  l e s s  th a n  abou t 
2000 km. However, u nder c o n d itio n s  where th e  sky-wave i s  com parable w ith ,  
o r even g r e a t e r  th a n  th e  g round-w ave, th e  cu rv es  a re  s t i l l  a p p l ic a b le  when 
th e  e f f e c t  o f  th e  ground-w ave can be s e p a ra te d  from  th a t  o f  th e  sky-w ave, 
by th e  u se  o f  p u ls e  t r a n s m is s io n s ,  a s  in  some form s o f  d i r e c t io n - f in d in g  
system s and n a v ig a t io n a l  a i d s ;



th e  cu rves may be used  fo r  th e  d e te rm in a tio n  o f  p ro p a g a tio n  over mixed
p a th s  (non-homogeneous smooth e a r th )  as fo llo w s  :

Such p a th s  may be made up o f  s e c t io n s  S-j_, S2 , S3 , e t c .  o f  le n g th s
dp , d2 » d.3 , e t c .  hav ing  c o n d u c t iv i ty  and d i e l e c t r i c  c o n s ta n t a l s  £]_; 0 2 ,
a3» e3 e -tc* as  shown below fo r  th r e e  s e c t io n s  :

S1 ( °1» ei ) S2 ( V  e2 ) s 3 {0r  e3 }_
R

di  I d 2 ' d 3

There a re  v a r io u s  se m i-e m p ir ic a l methods o f  d e te rm in in g  th e  p ro p a g a tio n  over
such p a th s ,  o f  w hich th a t  due to  M ill in g to n  /  M il l in g to n ,  19^9_/ i s  th e  m ost
a c c u ra te  and has been made to  s a t i s f y  th e  r e c ip r o c i ty  c o n d i t io n . The method 
assum es th a t  th e  cu rves a re  a v a i la b le  f o r  th e  d i f f e r e n t  ty p e s  o f  t e r r a i n  in  
th e  s e c tio n s  S-j_, S2 , S3 e t c .  assumed to  be in d iv id u a l ly  homogeneous, a l l  
drawn fo r  th e  same sou rce  T d e f in e d ,  f o r  in s ta n c e ,  by a  g iv en  in v e r s e -d is ta n c e  
c u rv e . The v a lu e s  may th e n  f i n a l l y  be s c a le d  up f o r  any o th e r  so u rc e .

For a g iv en  fre q u e n c y , th e  cu rve  a p p ro p r ia te  to  th e  s e c t io n  Sj_, i s  th e n  
chosen and th e  f i e l d  E^Cd^) in  dB(l]iV/m) a t  th e  d is ta n c e  d-j_ i s  th e n  n o te d .
The cu rve fo r  th e  s e c t io n  S2 i s  th e n  used  to  f in d  th e  f i e l d s  E2 (d]_) and 
^ 2 ^ 1  + ^2^ an<̂ » s im i l a r l y ,  w ith  th e  cu rve  f o r  th e  s e c t io n  S3 , th e  f i e l d s
^ 3 ^ 1  + d2^ and % (^1  + ^2 + ^ 3 ) a re  f ° un<3-» an<i  so o n «

A re c e iv e d  f i e l d  s t r e n g th  ER i s  th e n  d e f in e d  by

Er = E1 (d1 ) -  E2 (d1 ) + E2 (d L + d 2 ) -  E3 ( a i  + dg ) + E3 (d1 + d£ + d j )

The p ro ced u re  i s  th e n  r e v e r s e d ,  and c a l l in g  R th e  t r a n s m i t t e r  and T th e
r e c e iv e r ,  a f i e l d  E,p i s  o b ta in e d , g iv en  by

Et = E3 (d3 ) -  E2 (d3 ) + E2 (d3 + dg) -  E1 (d3 + d2 ) +'E1 (d3 + dg + d.^

The re q u ire d  f i e l d  i s  g iven  by /  E^ + Erp 7 , th e  e x te n s io n  to  more s e c tio n s
be in g  o b v io u s .

The method can in  p r in c ip le  be ex tended  to  phase changes i f  th e  c o rre sp o n d in g  
cu rves f o r  phase as a fu n c tio n  o f  d is ta n c e  over a homogeneous e a r th  a re  
a v a i la b l e .  Such in fo rm a tio n  would be n e c e ssa ry  f o r  a p p l ic a t io n  to  
n a v ig a t io n a l  sy stem s.

t h i s  Recommendation shou ld  c o n tin u e  in  u se  u n t i l  such tim e as  any
r e v is io n  can be made in  acco rdance  w ith  th e  su g g e s tio n s  made in  R eport U28-1.
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RECOMMENDATION 372-1

USE OF DATA ON RADIO NOISE

(1951-1953-1956>1959-1963-19Ti+)

The C .C .I .R .

UNANIMOUSLY RECOMMENDS

t h a t  th e  in fo rm a tio n  c o n ta in e d  in  R ep o rts  258-2 and 322-1 sh o u ld  be 
used  in  a s s e s s in g  th e  i n t e n s i t y  a n d /o r  o th e r  c h a r a c t e r i s t i c s  o f  man-made 
and n a tu r a l  r a d io  n o is e  u n t i l  new in fo rm a tio n  to  j u s t i f y  r e v is io n  o f  
th e s e  R epo rts  i s  made a v a i la b l e .
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SOUND BROADCASTING IN BANDS 5 (LF) AND 6 (MF)

R ad io -freq u en cy  p r o te c t io n  r a t i o  

( S tudy Programme 25A/10)

(1966-197M

The C .C .I .R . ,

UNANIMOUSLY RECOMMENDS

t h a t  th e  ra d io - f re q u e n c y  p r o te c t io n  r a t i o  (a s  d e f in e d  in  Recommendation 1+U7), 
f o r  co -ch a n n e l tra n s m is s io n s  (± 50 H z), in  bands 5 (LF) and 6 (MF), sho u ld  
be HO dB when b o th  th e  w anted and th e  unw anted s ig n a ls  a re  s ta b le  
( g round-w ave).

When th e  w anted s ig n a l  i s  s ta b le  and th e  unw anted s ig n a l  f lu c tu a te s  
(sk y -w av e ), th e  ra d io - f re q u e n c y  p r o te c t io n  r a t i o  sh o u ld  be U0 dB a t  m id n ig h t 
f o r  a t  l e a s t  50% o f  th e  n ig h ts  o f  th e  y e a r .

The ra d io - f re q u e n c y  p r o te c t io n  r a t i o  v a lu e s  s p e c i f i e d  above w i l l  
p e rm it a s e rv ic e  o f  e x c e l le n t  r e c e p t io n  q u a l i ty .  For p la n n in g  p u rp o s e s ,  
how ever, low er v a lu e s  may be r e q u ir e d .  In  t h i s  r e s p e c t ,  p ro p o sa ls  have been 
made by some c o u n tr ie s  and o rg a n iz a tio n s  (s e e  R eport 2 9 8 -3 ).

ANNEX

T h is  v a lu e  o f  Uo dB ta k e s  accoun t o f  th e  s u b je c t iv e  e f f e c t  o f  
s h o r t- te rm  f lu c tu a t io n s  o f  th e  unw anted s ig n a l  (s e e  a ls o  R eport 2 9 8 -3 ,
and R enort 2 6 k - 3 ,  § 3 .2 ) ,  and co rresponds to  th e  r a t i o  o f  th e  w anted 
f i e l d  s t r e n g th  and th e  annual median v a lu e  o f  th e  h o u rly  m edians o f  th e  
i n t e r f e r i n g  f i e l d  s t r e n g th  a t  2^00 h  lo c a l  tim e  a t  th e  m idpo in t o f  th e  
p a th .

The p r o te c t io n  so d e f in e d  i s  p ro v id ed  :

-  f o r  50% o f  th e  n ig h ts  a t  2^00 h ,  l o c a l  t im e ,

-  f o r  more th a n  50% o f  th e  n ig h ts  betw een s u n se t and m idn igh t and 
betw een 0300 h and s u n r is e  in  th e  European B ro ad ca s tin g  A rea;
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-  f o r  more th a n  50% o f  th e  n ig h ts  betw een su n se t and 2100  h and
betw een m id n ig h t and s u n r is e  in  A u s t r a l i a ,  and

-  f o r  100# o f  th e  days d u rin g  d a y l ig h t  h o u rs .

Note 1 . -  The minimum u sa b le  f i e l d  s t r e n g th  to  w hich t h i s  p r o te c t io n  r a t i o  o f  
1+0 dB a p p lie s  v a r ie s  in  th e  d i f f e r e n t  re g io n s  and w ith  freq u en cy . W ith in  
th e  European zo n e , t h i s  minimum i s  o f  th e  o rd e r  o f  1 mV/m.

Note 2 . -  In  th e  U n ited  S ta te s  o f  A m erica, when th e  w anted and unwanted
s ig n a ls  a re  s t a b l e  (g ro u n d -w av e), th e  ra d io - f re q u e n c y  p r o te c t io n  r a t i o  f o r  
c o -ch a n n e l tr a n s m is s io n s  i s  26 dB. When th e  unw anted s ig n a l  i s  f l u c tu a t in g  
(sk y -w av e ), th e  same p r o te c t io n  r a t i o  i s  a p p lie d  f o r  90# o f  th e  n ig h ts  o f  
th e  y e a r ,  computed f o r  th e  second hour a f t e r  s u n s e t .  The minimum u sa b le  
f i e l d  s t r e n g th  i s  e i t h e r  100 o r  500 yV/m, depending upon th e  c la s s  o f  
s e r v ic e .



RECOMMENDATION ^98

SOUND BROADCASTING .SYSTEMS IN BANDS 5 (LF) AND 6 (MF)

I n te r f e r e n c e  due to  io n o sp h e ric  c ro ss -m o d u la tio n  

(S tudy  Programme 25E -1 /10)

c 1971*)

The C .C .I .R . ,

CONSIDERING

t h a t  io n o sp h e r ic  c ro ss -m o d u la tio n  and hence harm fu l in te r f e r e n c e  can 
r e s u l t  from  e x c e ss iv e  r a d ia t io n  tow ards th e  io n o sp h e re ;

RECOMMENDS*

t h a t  th e  maximum p e rm is s ib le  r a d ia t io n  a t  any an g le  o f  e le v a t io n  shou ld  
be such t h a t  annoyance due to  io n o sp h e r ic  c ro ss -m o d u la tio n  does n o t exceed 
t h a t  ag reed  f o r  co -ch a n n e l in te r f e r e n c e  (s e e  Recommendation 1+ U8—1 )-

N o te . -  For th e  d e te rm in a tio n  o f  th e  maximum r a d ia t io n  as  a  fu n c tio n  
o f  th e  an g le  o f  e le v a t io n  see  R eport U6Q-1.

* The P e o p le 's  R epub lic  o f  C hina and th e  U n ited  Kingdom re s e rv e  t h e i r  o p in io n s  
on t h i s  Recommendation.



RECOMMENDATION *+99

SOUND BROADCASTING IN BANDS 5 (LF) AND 6 (MF)

D e f in it io n s  o f  s p e c i f i c  f i e l d  s t r e n g th s  and s e rv ic e  a re a

(1974)
The C .C .I .R . ,

UNANIMOUSLY RECOMMENDS

th a t  th e  fo llo w in g  d e f in i t i o n s  shou ld  be used  fo r  sound b ro a d c a s tin g  in  
bands 5 (LF) and 6 (MF) :

Minimum u sa b le  f i e l d  s t r e n g th  (E . )* .---------------------------------------------“----- mm • '

The minimum v a lu e  o f  th e  f i e l d  s t r e n g th  n e c e ssa ry  to  p e rm it / s a t i s f a c to r y  
r e c e p t io n ,  under g iven  s p e c i f ie d  c o n d i t io n s ,  in  th e  p re sen ce  o f  n o is e  
( n a tu r a l  and man-made), b u t in  th e  absence o f  in te r f e r e n c e  from o th e r  
t r a n s m i t t e r s .  •

The v a lu e  o f  th e  minimum u sa b le  f i e l d  s t r e n g th  d ep en d s, amongst o th e r  
t h i n g s , upon :

-  th e  frequency*, •

-  th e  tim e o f  day and season  o f  y e a r ;  )
..............) see  R eport 322 - l

-  th e  g e o g ra p h ic a l r e g io n ;  )

-  th e  p r o te c t io n  r a t i o  to  be p ro v id ed  a g a in s t  n o is e ;

-  th e  r e c e iv e r  bandw idth .

In  th e  b ro a d c a s t in g  bands 5 (LF) and 6 (MF) man-made n o is e  i s  u s u a l ly  more 
annoying th a n  n a tu r a l  n o is e  an d , in  a re a s  o f  h ig h  p o p u la tio n  d e n s i ty ,  
freq u en cy  p la n n in g  w i l l  have to  ta k e  accoun t o f  th e s e  enhanced n o is e  l e v e l s .

Nominal u sa b le  f i e l d  s t r e n g th  (E )**  ----------------------------------- ^ -------- -non

The minimum c o n v e n tio n a l v a lu e  o f  th e  f i e l d  s t r e n g th  n e c e ssa ry  to  p e rm it 
s a t i s f a c t o r y  r e c e p t io n ,  under s p e c if ie d  c o n d itio n s  in  th e  p re se n c e  o f  
n o ise  and in te r f e r e n c e  from o th e r  t r a n s m i t t e r s .

* The minimum u sa b le  f i e l d  s t r e n g th  co rresponds to  th e  te rm  "minimum 
f i e l d  s t r e n g th  to  be p ro te c te d "  which ap p ea rs  in  many C .C .I .R . t e x t s .  
Where th e r e  i s  no p o s s i b i l i t y  o f  am b ig u ity , th e  e x p re s s io n  "minimum 
f i e l d  s t r e n g th "  may be u sed .

** Where th e r e  i s  no p o s s i b i l i t y  o f  a m b ig u ity , th e  e x p re s s io n  "nom inal 
f i e l d  s t r e n g th "  may be u sed .



V arious s tu d ie s  show t h a t ,  in  th e  p re sen ce  o f  in te r f e r e n c e  due to  o th e r  
t r a n s m i t t e r s  i t  i s  p r e f e r a b l e ,  fo r  optimum spectrum  u t i l i z a t i o n ,  t h a t  th e  
s e rv ic e  a re a  (s e e  § U, below) shou ld  be l im i te d  by in te r f e r e n c e  r a th e r  th a n  
by n o is e .  The nom inal u s a b le  f i e l d  s t r e n g th  i s  th e  v a lu e  ta k e n  as a 
re fe re n c e  fo r  p la n n in g .

U sable f i e l d  s t r e n g th  (E ^)

The minimum v a lu e  o f  th e  f i e l d  s t r e n g th  n e c e ssa ry  to  p erm it s a t i s f a c to r y  
r e c e p t io n ,  under s p e c if ie d  c o n d i t io n s ,  in  th e  p re sen ce  o f  n o ise  and 
in te r f e r e n c e  in  an e x i s t in g  s i t u a t io n  (o r  in  t h a t  r e s u l t i n g  from a 
Frequency P la n ) .

I t  may be ex p ressed  by th e  fo rm ula  :

E = s/Z (a .  E . )2 + E . 'd u 1 1 m  mm

where

E ^  i s  th e  f i e l d  s t r e n g th  o f  th e  i - t h  unwanted t r a n s m i t t e r  ( in  yV/m)*

Emin i s  th e  minimum u sa b le  f i e l d  s t r e n g th  ( in  yV/m).

a . i s  th e  ra d io -f re q u e n c y  p r o te c t io n  r a t i o  a s s o c ia te d  w ith  th e  i - t h
unwanted t r a n s m i t t e r ,  ex p re ssed  as  a n um erica l r a t i o  o f  f i e l d - s t r e n g t h s .

In  g e n e ra l ,  th e  u sa b le  f i e l d  s t r e n g th  i s  d i f f e r e n t  f o r  each t r a n s m i t t e r .
For in s ta n c e  f o r  two t r a n s m i t t e r s  o p e ra t in g  in  th e  same channel bu t w ith  
d i f f e r e n t  powers th e  u sa b le  f i e l d  s t r e n g th  i s  h ig h e r  f o r  th e  t r a n s m i t t e r  
hav ing  th e  low er power.

Service area (of a broadcasting transmitter)

The a re a  w ith in  which th e  f i e l d  s t r e n g th  o f  a t r a n s m i t t e r  i s  eq u a l to  o r 
g r e a te r  th a n  th e  u sa b le  f i e l d  s t r e n g th .

The p e rc e n ta g e  o f  tim e  d u rin g  which t h i s  c o n d itio n  i s  s a t i s f i e d  shou ld  
be s ta t e d .

The s e rv ic e  a re a  may be d i f f e r e n t  under day -tim e  and n ig h t- t im e  c o n d itio n s  
o r  v a ry  w ith  o th e r  f a c to r s .

* For a f lu c tu a t in g  unwanted s ig n a l ,  th e  p e rc e n ta g e  o f  tim e  d u rin g  
which E . i s  exceeded shou ld  be s ta t e d .
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R E P O R T S

REPORT 229-2*

ELECTRICAL CHARACTERISTICS OF THE SURFACE OF THE EARTH

(Q uestion  1 -2 /5 )

(1959-1963-1970-1971+)

1 . In tro d u c t io n

This R ep o rt d is c u s s e s  th e  p h y s ic a l  f a c to r s  upon which th e  e l e c t r i c a l  
c h a r a c t e r i s t i c s  o f  th e  s u r fa c e  o f  th e  E a rth  depend, rev iew s th e  methods which 
have been  u sed  to  d e te rm in e  th e  ground c o n s ta n ts  and a s s e s s e s  th e  v a lu e  o f  
th e s e  methods in  co n n ec tio n  w ith  th e  c a lc u la t io n  o f  r a d io  p ro p a g a tio n ; a l i s t  
o f  r e f e r e n c e s  to  p u b lish e d  l i t e r a t u r e  on t h i s  s u b je c t  i s  g iven  in  C .C .I .R . 
documents o f  th e  X lth  P le n a ry  A ssem bly, O slo , 1966, V ol. I I ,  page 7^*

2 . The c h a r a c t e r i s t i c s  o f  th e  ground

The e l e c t r i c a l  c h a r a c t e r i s t i c s  o f  th e  ground o r  o th e r  medium may be 
ex p re s se d  by th r e e  c o n s ta n ts ,  th e  r e l a t i v e  p e rm e a b i l i ty ,  th e  d i e l e c t r i c  
c o n s ta n t  and th e  c o n d u c t iv i ty .  The r e l a t i v e  p e rm e a b il i ty  can no rm ally  be 
re g a rd e d  as u n i ty  so  t h a t ,  in  m ost p ro p a g a tio n  p ro b lem s, we a re  concerned  on ly  
w ith  th e  d i e l e c t r i c  c o n s ta n t  £ and th e  c o n d u c t iv ity  O, These two c o n s ta n ts  
j o i n t l y  in f lu e n c e  wave p ro p a g a t io n , in  acco rdance  w ith  th e  fo llo w in g  e x p re s s io n  
f o r  th e  com plex d i e l e c t r i c  c o n s ta n t r e l a t i v e  to  a  vacuum :

e '  = e -  j  18 000 o / f  = e -  j  60  oX

w here O i s  in  S/m, f  i s  th e  freq u en cy  in  MHz, X i s  th e  f r e e - s p a c e  w av e-len g th  
in  m e tre s ,  and th e  tim e  f a c t o r  exp (jto t)  i s  assum ed. I t  may be n o te d  th a t  
th e  d isp la cem e n t and th e  co n d u c tio n  c u r re n t  d e n s i t i e s  a re  in  th e  r a t i o  o f  
e to  60  aX, from  w hich t h e i r  r e l a t i v e  im portance  can be ju d g ed . F ig s .  1  and 2 
show ty p i c a l  v a lu e s  o f  th e  ground c o n s ta n ts  as a fu n c tio n  o f  fre q u e n c y . I t  
i s  seen  t h a t  a t  f re q u e n c ie s  above 100 MHz, acco u n t must be ta k en  o f  th e  
v a r i a t i o n  o f  d i e l e c t r i c  c o n s ta n t  w ith  freq u en cy  and o f  th e  t o t a l  c o n d u c t iv ity  
( d ip o la r  and io n ic )  /  1 / .  F u rth e rm o re , i t  sh o u ld  be n o te d  t h a t  a  v a lu e  o f  80 
has o f te n  been  u sed  fo r  th e  d i e l e c t r i c  c o n s ta n t o f  s e a  w a te r  ov er a  wide 
ran g e  o f  f re q u e n c ie s .  T his v a lu e  i s  in c o r r e c t  ex c e p t f o r  low te m p e ra tu re s  
and f re q u e n c ie s  below  about 1 GHz. The a c tu a l  v a lu e ,  even a t  low f r e q u e n c ie s ,  
depends on th e  te m p e ra tu re  and com p o sitio n  o f  th e  s e a  w a te r .

* A dopted unanim ously
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The c o n d u c t iv ity  v a lu es  g iven  fo r  th e  s p e c i f i e d  ty p e s  o f  s u r fa c e  
in  F ig s . 1 and 2 a re  average v a lu e s .  The c o n d u c t iv i ty  can vary  c o n s id e ra b ly  
due to  d if f e r e n c e s  which e x i s t  in  d i f f e r e n t  p a r t s  o f  th e  w o rld . In  f e r t i l e  
a re a s  h ig h e r  v a lu es  a re  a p p l ic a b le ,  w h ile  in  m ountainous and a r c t i c  re g io n s  
th e  c o n d u c t iv ity  a t  f re q u e n c ie s  below  100 MHz may be as low as 10~5 S/m.
The w a te r  in  la k e s  and r i v e r s  has a c o n d u c t iv ity  th a t  in c re a s e s  w ith  th e  
c o n c e n tra t io n  o f  im p u r i t i e s .

3. F a c to rs  d e te rm in in g  th e  e f f e c t iv e  ground c o n s ta n ts

The e f f e c t iv e  v a lu e s  o f  th e  c o n s ta n ts  o f  th e  ground a re  d e te rm in e d , 
n o t on ly  by th e  n a tu re  o f  th e  s o i l ,  b u t  a l s o  by i t s  m o is tu re  c o n te n t and 
te m p e ra tu re , by th e  fre q u e n c y , by th e  g e n e ra l g e o lo g ic a l  s t r u c tu r e  o f  th e  
ground and by th e  e f f e c t iv e  dep th  o f  p e n e t r a t io n  and l a t e r a l  sp re a d  o f  th e  
w aves. The a b so rp tio n  o f  energy  by v e g e ta t io n ,  b u ild in g s  and o th e r  o b je c ts  
on th e  s u r fa c e  must a ls o  be  ta k en  in to  c o n s id e ra t io n .

3 .1  N atu re  o f  th e  s o i l

A lthough i t  has  been  e s ta b l i s h e d  by numerous m easurem ents t h a t  th e  
c o n s ta n ts  v a ry  w ith  th e  n a tu re  o f  th e  s o i l ,  i t  seems p ro b a b le  t h a t  t h i s  
v a r i a t io n  may be  due n o t so  much to  th e  chem ical com position  o f  th e  s o i l  as 
to  i t s  a b i l i t y  to  abso rb  and r e t a i n  m o is tu re . I t  has been  shown th a t  loam , 
w hich n o rm ally  has a  c o n d u c t iv ity  o f  th e  o rd e r  o f  1CT2 S/m c a n , when d r ie d ,  
have a  c o n d u c t iv i ty  as low as 10"^ S/m, which i s  o f  th e  same o rd e r  as t h a t  
o f  g r a n i t e .

3 .2  M oistu re  c o n te n t

The m o is tu re  c o n te n t o f  th e  ground i s  p ro b ab ly  th e  m ajor f a c to r  
d e te rm in in g  i t s  e l e c t r i c a l  c o n s ta n ts .  L ab o ra to ry  m easurem ents have shown 
t h a t ,  as th e  m o istu re  c o n te n t i s  in c re a s e d  from  a  low v a lu e ,  th e  c o n s ta n ts  
in c r e a s e ,  r a p id ly  re a c h in g  t h e i r  maximum v a lu e s  as th e  m o is tu re  c o n te n t 
approaches th e  v a lu e s  n o rm ally  found in  such  s o i l s  on s i t e .  At d ep th s  o f  
one m etre  o r  m ore, th e  w etness o f  th e  s o i l  a t  a  p a r t i c u l a r  s i t e  seems to  be 
s u b s t a n t i a l l y  c o n s ta n t a l l  th e  y e a r  round and , a lth o u g h  i t  may in c re a s e  
d u rin g  r a i n ,  th e  d ra in a g e  o f  th e  s o i l  and s u r fa c e  e v a p o ra tio n  soon red u ces  
i t  t o  i t s  norm al v a lu e  a f t e r  th e  r a i n  has s to p p ed . The m o is tu re  c o n te n ts  
o f  a  p a r t i c u l a r  s o i l  may, how ever, vary  c o n s id e ra b ly  from one s i t e  to  
a n o th e r ,  due to  d if f e r e n c e s  in  th e  g e n e ra l g e o lo g ic a l  fo rm atio n  w hich 
p ro v id e  b e t t e r  d ra in a g e  in  one case  th a n  a n o th e r .
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3 .3  Tem perature

L ab o ra to ry  m easurem ents o f  s o i l  c o n s ta n ts  have shown t h a t ,  a t  
low f r e q u e n c ie s ,  th e  te m p e ra tu re  c o e f f i c i e n t  o f  c o n d u c t iv i ty  i s  o f  th e  
o rd e r  o f  2 % p e r  degree  c e n t ig r a d e ,  w h ile  t h a t  o f  th e  d i e l e c t r i c  c o n s ta n t 
i s  n e g l ig ib l e .  At f r e e z in g  p o in t  th e r e  i s  g e n e ra l ly  a  la r g e  d e c re a se  in  
b o th  c o n s ta n ts .  A lthough th e s e  changes a re  a p p re c ia b le ,  i t  must be bo rne  
in  mind t h a t  th e  range  o f  te m p e ra tu re  v a r i a t io n  d u rin g  th e  y e a r  d e c re a se s  
r a p id ly  w ith  d e p th , so  t h a t  te m p e ra tu re  e f f e c t s  a re  l i k e l y  to  be im p o rta n t 
on ly  a t  h ig h  f re q u e n c ie s  w here th e  p e n e t r a t io n  o f  th e  waves i s  sm a ll 
(see  § 3 . 5 )9 o r  when th e  ground i s  f ro z e n  to  a  c o n s id e ra b le  d ep th .

3 .^  Frequency

L ab o ra to ry  m easurem ents on s o i l  sam ples show t h a t  th e r e  i s  a  
v a r i a t io n  o f  th e  c o n s ta n ts  w ith  freq u en cy  w hich depends m arkedly on th e  
m o is tu re  c o n te n t .  This v a r i a t i o n  i s  e s p e c ia l ly  marked above 1 GHz, as 
shown in  F ig s .  1 and 2 . The v a lu es  f o r  f r e s h  w a te r  and s e a  w a te r  can be 
c a lc u la te d  f o r  any freq u en cy  from  th e  d a ta  g iven  in  /  1 / .

3 .5  G eneral g e o lo g ic a l  s t r u c t  lire

The ground in v o lv e d  in  o v e r - la n d  p ro p a g a tio n  i s  n o t u s u a lly  
hom ogeneous, so t h a t  th e  e f f e c t i v e  ground c o n s ta n ts  a r e  d e te rm in ed  by 
s e v e r a l  d i f f e r e n t  ty p e s  o f  s o i l .  I t  i s ,  t h e r e f o r e ,  o f  g r e a t  im portance 
to  have a  com plete  knowledge o f  th e  g e n e ra l g e o lo g ic a l  s t r u c t u r e  o f  th e  
re g io n  co ncerned . The e f f e c t iv e  c o n s ta n ts  o v er an a re a  o r  a lo n g  a  p a th  
a re  d e te rm in e d , n o t on ly  by th e  n a tu re  o f  th e  s u r fa c e  s o i l s  b u t a ls o  by 
t h a t  o f  th e  u n d e r ly in g  s t r a t a .  These low er s t r a t a  may form  p a r t  o f  th e  
medium th ro u g h  w hich th e  waves t r a v e l  o r  th ey  may have an i n d i r e c t  e f f e c t  
by d e te rm in in g  th e  w a te r  l e v e l  in  th e  upper s t r a t a .

3 .6  P e n e t r a t io n  and sp re a d  o f  waves

The e x te n t  to  w hich th e  low er s t r a t a  in f lu e n c e  th e  e f f e c t iv e
e a r th  c o n s ta n ts  depends upon th e  dep th  o f  p e n e t r a t io n  o f  th e  r a d io  en e rg y ,
6 , w hich i s  d e f in e d  a s  t h a t  dep th  a t  w hich th e  wave has been  a t te n u a te d  to  
l / e  (o r  37 %) o f  i t s  v a lu e  a t  th e  s u r f a c e .  I t  depends upon th e  v a lu es  
o f  th e  e a r th  c o n s ta n ts  and th e  frequency  and i s  g iv en  in  F ig . 3*

F ig . 3 shows t h a t  th e  p e n e t r a t io n  dep th  v a r ie s  c o n s id e ra b ly  w ith
fre q u e n c y . At low f r e q u e n c ie s ,  ex ce p t f o r  s e a  w a te r ,  s t r a t a  down to  a 
d ep th  o f  100 m o r  more must be ta k e n  in to  a c c o u n t. This i s  o f  p a r t i c u l a r  
im portance  when th e  upper s t r a t a  a re  o f  low er c o n d u c t iv ity  and th e  energy  
can p e n e t r a te  more r e a d i ly  t o  low er l e v e l s .
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The r a d io  energy  re c e iv e d  a t  a  p o in t  does n o t t r a v e l  s o le ly  by 
th e  d i r e c t  p a th  from  th e  t r a n s m i t t e r ,  b u t a ls o  by a la rg e  number o f  i n d i r e c t  
p a th s  d i s t r i b u t e d  on e i t h e r  s id e  o f  i t .  I t  i s  n e c e s s a ry , th e r e f o r e ,  to  
c o n s id e r  th e  c o n s ta n ts  o f  th e  ground n o t on ly  a lo n g  th e  p a th  i t s e l f ,  b u t 
a ls o  over th e  a re a  covered  by th e  l a t e r a l  sp re a d  o f  th e  wave p a th s .  No 
d e f in i t e  l i m i t s  can be p u t on t h i s  a r e a ,  b u t i t  has been su g g e s te d  t h a t  i t  
i s  e f f e c t iv e ly  th e  f i r s t  F re s n e l  h a lf-w av e  zone, i . e . ,  th e  e l l i p s e  h av in g  th e  
t r a n s m i t t e r  and r e c e iv e r  p o s i t io n s  as i t s  f o c i  and axes o f  (D + A/2) and VDX 
r e s p e c t iv e ly ,  where D i s  th e  le n g th  o f  th e  d i r e c t  p a th  and A i s  th e  w av e len g th .

3 .7  Energy a b s o rp tio n  by s u r fa c e  o b je c ts

A lthough su r fa c e  o b je c ts  have no d i r e c t  in f lu e n c e  on th e  c o n s ta n ts  
o f  th e  ground i t s e l f ,  th e y  can c o n t r ib u te  a p p re c ia b ly  to  th e  a t te n u a t io n  o f  
ground w aves, and th e  e f f e c t s  o f  such energy  lo s s e s  may b e  ta k e n  in to  accoun t 
by u s in g  a p p ro p r ia te ly  m o d ified  v a lu e s  o f  th e  e a r th  c o n s ta n ts  in  p ro p a g a tio n  
c a l c u l a t i o n s .

P a r t i c u l a r l y  h ig h  a t te n u a t io n  r a t e s  a re  a s s o c ia te d  w ith  tr a n s m is s io n  
lo s s  in  wooded t e r r a i n  as shown in  F ig . 4 / 2 ,  3» 4 , 6_ / .  Such a t te n u a t io n  
may in c re a s e  even more when th e  t r e e s  a re  covered  w ith  w et snow, and under 
c o n d itio n s  o f  r a in  when th e  t r e e s  a re  in  l e a f .

4 . Methods o f  m easuring  ground c o n s ta n ts

The fo llo w in g  methods have been  u sed  to  d e term in e  one o r  b o th  
c o n s ta n ts  :

4 .1  L ab o ra to ry  m easurement o f  s o i l  sam ples

The d i e l e c t r i c  c o n s ta n t and c o n d u c t iv ity  o f  sam ples o f  s o i l  a re  
d e term ined  by m easurem ents o f  th e  r e s i s t a n c e  and re a c ta n c e  o f  c a p a c i to r  u n i t s  
c o n ta in in g  th e  s o i l  as th e  d i e l e c t r i c .  This method has been  u sed  f o r  
m easurem ents on s e a  w a te r  and a  w ide v a r ie ty  o f  s o i l s ,  in c lu d in g  ro c k , a t  
f re q u e n c ie s  m ainly  in  th e  range  1 kHz to  10 MHz.

4 .2  Probe method o f  ground r e s i s t i v i t y  measurement

The c o n d u c t iv ity  o f  th e  ground i s  o b ta in e d  by o n - s i t e  m easurem ents 
o f  th e  r e s i s ta n c e  betw een p robes d r iv e n  in to  th e  ground. The m easurem ents 
a re  u s u a l ly  made w ith  d i r e c t  c u r r e n t  u s in g  a system  o f  fo u r  p ro b e s , a 
c u r re n t  b e in g  p a sse d  betw een one p a i r  and th e  r e s u l t a n t  p o t e n t i a l  d i f f e r e n c e  
b e in g  m easured betw een th e  o th e r  p a i r .  The d ep th  to  w hich th e  m easurem ents 
a re  e f f e c t iv e  i s  d e term ined  by th e  sp a c in g  betw een th e  p robes and th e
th ic k n e s s  o f  th e  s u r fa c e  la y e r  o r  s o i l ,  o r  th e  h e ig h t  o f  th e  w a te r  t a b l e
can be de term ined  by  a  s e r i e s  o f  m easurem ents made a t  d i f f e r e n t  sp a c in g s .

The c o n d u c t iv ity  has a ls o  been  deduced from  th e  m easured m utual
im pedance betw een two p a r a l l e l  l i n e s  l a i d  on , o r  j u s t  above, th e  s u r fa c e  o f
th e  ground and e a r th e d  a t  t h e i r  ends.
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4 .3  W a v e - ti l t  method

T his method i s  b a sed  on th e  f a c t  t h a t  th e  s u r fa c e  lo s s e s  g iv e  r i s e  
to  a  sm a ll r a d i a l  component o f  th e  e l e c t r i c  fo rc e  v e c to r .  In  g e n e ra l ,  th e  
e l e c t r i c  v e c to r  i s  e l l i p t i c a l l y  p o la r i z e d ,  and th e  m ajor a x is  o f  th e  e l l i p s e  
i s  t i l t e d  fo rw ard  to  accoun t f o r  th e  flow  o f  power in to  th e  s u r f a c e .  The 
method in v o lv e s  a  c a r e f u l  m easurem ent o f  a x i a l  r a t i o  and fo rw ard  t i l t  o f  th e  
e l l i p s e  w ith  a  r o t a t a b l e  d ip o le .  When th e  s u r f a c e  i s  n o t h o r iz o n ta l ,  th e  
m easurem ent o f  th e  fo rw ard  t i l t  sh o u ld  be  made r e l a t i v e  to  th e  l o c a l  norm al 
to  th e  s u r f a c e ,  n o t r e l a t i v e  to  th e  v e r t i c a l .  I t  i s  r e p o r te d  t h a t  c a r e f u l  
use o f  t h i s  method a llow s m easurem ent o f  e a r th  c o n s ta n ts  o v er a  range o f  
f re q u e n c ie s  from  100 kHz to  40 MHz.

The w a v e - t i l t  method has been  u sed  s u c c e s s f u l ly  to  m easure 
h o r iz o n ta l  in h o m o g en e itie s  o f  th e  s u r f a c e .  E r ro rs  w i l l  r e s u l t ,  how ever, i f  
th e  m easurem ents a re  made in  th e  v i c i n i t y  o f  a re a s  w here th e r e  a r e  la rg e  
h o r iz o n ta l  g ra d ie n ts  o f  c o n d u c t iv i ty ,  as w ith  a t r a n s i t i o n  from la n d  to  s e a  
o r  from  l i g h t  s o i l  t o  swampy s o i l .

4 .4  M easurem ents o f  ground-w ave a t te n u a t io n

M easurem ents a re  made o f  th e  a t te n u a t io n  w ith  d is ta n c e  o f  waves 
p ro p a g a te d  a lo n g  th e  ground and th e  ground c o n d u c t iv ity  i s  deduced by th e  
com parison o f  th e  r e s u l t s  w ith  p ro p a g a tio n  c u rv e s ,  d e r iv e d  ac c o rd in g  to  
r ig o ro u s  th e o r ie s  o r  s e m i-e m p ir ic a l methods re g a rd e d  as a c c e p ta b le  in  th e  
ca se  c o n s id e re d . The method i s  a p p l ic a b le  a t  a l l  f r e q u e n c ie s .

4 .5  A tte n u a tio n  w ith  dep th  below  th e  s u r fa c e

The ground c o n s ta n t may a l s o  be de te rm in ed  by m easuring  th e  r e l a t i v e  
r a t e  o f  a t te n u a t io n  o f  th e  f i e l d  s t r e n g th  as a  re c e iv e r_ is _ lo w e re d  below  th e  
s u r fa c e  o f  th e  e a r th  in  a  w e l l  o r  o th e r  s u i t a b l e  h o le  /  5 / •

4 .6  M easurem ents o f  p h ase-change  (low f re q u e n c ie s )

The c o n d u c t iv i ty  o v e r homogeneous ground may a l s o  be deduced from 
m easurem ents o f  th e  change o f  phase w ith  d is ta n c e  o f  a  ground-w ave, th e  v a lu e  
o f  th e  c o n s ta n t  b e in g  d e te rm in ed  from  th e  r a t e  o f  change o f  th e  p h ase . T his 
m ethod, w hich h as  been  used  on ly  a t  low f r e q u e n c ie s ,  i s  found t o  be a  more 
s e n s i t i v e  means o f  lo c a t in g  d i s c o n t in u i t i e s  in  th e  ground th a n  t h a t  p ro v id e d  
by an a t te n u a t io n  m easurem ent.
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4 .7  A tm ospherics : d is p e r s io n  o f  waves (low f re q u e n c ie s )

When an im p u lse , such as t h a t  g e n e ra te d  by c e r t a in  l ig h tn in g  
s t r o k e s ,  i s  p ro p ag a ted  over th e  e a r t h ,  th e  wave shape i s  changed , i . e . ,  
th e  p u ls e  i s  s t r e t c h e d ,  as th e  wave p ro p ag a te s  over th e  s u r f a c e .  The 
deg ree  o f  d is p e r s io n  i s  a  fu n c tio n  o f  th e  c o n d u c t iv i ty .  I f  th e  wave shape 
can be m easured a t  two p o in ts  in  l i n e  w ith  th e  s o u rc e , one f a i r l y  c lo s e  to  
th e  s o u rc e , and th e  o th e r  rem o te , th e  o b serv ed  change can be r e l a t e d  to  th e  
c a lc u la te d  d is p e r s io n  fo r  v a r io u s  v a lu es  o f  c o n d u c t iv ity  in  an e q u iv a le n t 
homogeneous e a r th .  T his method i s  on ly  u s e f u l  f o r  th e  low -freq u en cy  range 
and f o r  p a th s  ra n g in g  from  s e v e r a l  hundred  to  s e v e ra l  th o u san d  k ilo m e tre s  
in  le n g th .

4 .8  By m easurement o f  r e f l e c t i o n  c o e f f i c ie n t  (very  h ig h  f re q u e n c ie s )

The r e f l e c t i o n  c o e f f i c i e n t  o f  th e  ground i s  m easured in  th e  f i e l d  
by methods in v o lv in g  norm al in c id e n c e  r a d ia t io n .  From th e  r e s u l t s ,  b o th  
th e  d i e l e c t r i c  c o n s ta n t  and th e  c o n d u c t iv i ty  can be  deduced, though w ith  
l e s s  accu racy  in  th e  case  o f  th e  l a t t e r .  This method i s  on ly  s u i t a b le  a t  
v e ry  h ig h  f re q u e n c ie s .

5. Use o f  th e  methods in  c o n n ec tio n  w ith  p ro p a g a tio n  problem s

From a  s tu d y  o f  th e  methods and o f  th e  f a c to r s  a f f e c t in g  th e  ground 
c o n s ta n t ,  i t  i s  c l e a r  t h a t  most o f  th e  methods do n o t g iv e  a l l  th e  in fo rm a tio n  
re q u ire d  f o r  p ro p a g a tio n  c a lc u la t io n s  and t h a t  o c c a s io n a lly  an e x te n s iv e  
s e r i e s  o f  m easurem ents i s  in v o lv e d .

For exam ple, la b o ra to ry  m easurem ents o f  s o i l  sam ples may g iv e  
a c c u ra te  and d e t a i l e d  d a ta  on th e  c o n s ta n ts  o f  s o i l  under i t s  n a tu r a l  
c o n d i t io n s ,  b u t i t  i s  n e c e ssa ry  t h a t  t h i s  sam pling  sh o u ld  be e x te n s iv e  
b o th  a lo n g  th e  p a th  o f  p ro p a g a tio n  and in  d ep th . I t  i s  a ls o  n e c e ssa ry  to  
have an a c c u ra te  knowledge o f  th e  g e o lo g ic a l  s t r u c tu r e  o f  th e  p a th ,  to  be
a b le  to  use  th e  d a ta  to  a s s e s s  th e  e f f e c t iv e  c o n s ta n ts  o f  th e  ground. This
method i s  p ro b ab ly  more s u i t e d  to  th e  in v e s t ig a t io n  o f  th e  p o s s ib le  v a r ia t io n s  
in  th e  c o n s ta n ts  and th e  p a ram ete rs  on w hich th e y  depend, th a n  to  th e  
d e te rm in a tio n  o f  th e  c h a r a c t e r i s t i c s  o f  a  p a r t i c u l a r  p a th .

The ground r e s i s t i v i t y  method ta k e s  more accoun t o f  th e  g e n e ra l
s t r u c tu r e  o f  th e  ground b u t on ly  ov er a  r e l a t i v e l y  sm a ll a r e a .  I t  i s  s im ple  
and co n v en ien t in  p r a c t ic e  and i s  p ro b ab ly  th e  m ost s u i t a b le  in  case s  w here 
on ly  th e  c h a r a c t e r i s t i c s  o f  th e  ground in  th e  im m ediate v i c i n i t y  o f  th e  
t r a n s m i t t e r  o r  r e c e iv e r  a re  r e q u ir e d .  The e f f e c t iv e  c o n s ta n ts  to  v a r io u s  
dep ths a re  r e a d i ly  o b ta in e d , b u t f o r  th e  assessm en t o f  p a th  a t te n u a t io n ,  
m easurem ents a t  a  number o f  p o in ts  a lo n g  th e  p a th  w ould have to  b e  made, 
th e  i n t e r v a l s  betw een th e  p o in ts  b e in g  de te rm in ed  by th e  v e r t i c a l  
s t r a t i f i c a t i o n  o f  th e  ground.
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The w a v e - t i l t  method a ls o  ta k e s  acco u n t o f  th e  g e n e ra l s t r u c tu r e  
o f  th e  ground around  th e  p o in t  o f  m easurem ent and g iv es  th e  e f f e c t iv e  
c o n s ta n ts  o f  th e  e a r th  c o rre sp o n d in g  t o  th e  freq u en cy  u sed . The m easurem ents 
w i l l  be in  e r r o r  n e a r  re g io n s  o f  la rg e  g ra d ie n t  o f  c o n d u c t iv ity  o r  in  th e  
v i c i n i t y  o f  s u r f a c e  o r  b u r ie d  o b je c ts  o f  h ig h  c o n d u c t iv i ty .  M easurements 
sh o u ld  n o t be  made to o  c lo se  to  th e  t r a n s m i t t in g  a n te n n a , th e  minimum d is ta n c e  
b e in g  abou t 10  w aveleng ths  a t  low and medium f r e q u e n c ie s ,  o r  one t h a t  i s  
la rg e  compared w ith  th e  an ten n a  dim ensions a t  h ig h  f r e q u e n c ie s .  The method 
becomes r a th e r  in a c c u ra te  a t  f re q u e n c ie s  below  100 kHz b ecau se  o f  th e  sm a ll 
an g le s  o f  t i l t  w hich o c c u r . In  view  o f  th e  dependence o f  th e  t i l t  on 
h e ig h t above th e  s u r f a c e ,  th e  u s e fu ln e s s  o f  t h i s  method i s  r e s t r i c t e d  to  
fre q u e n c ie s  below  ab o u t 40 MHz. I t  may be used  f o r  d e te rm in in g  p a th  
a t te n u a t io n  i f  a  s e r i e s  o f  m easurem ents i s  made a lo n g  th e  p a th .

The ground-w ave a t te n u a t io n  method i s  one o f  th e  most com prehensive, 
s in c e  i t  ta k e s  a l l  f a c to r s  in to  a c c o u n t. As w ith  th e  method d is c u s se d  in  
th e  p re c e d in g  p a ra g ra p h , th e  v a r i a t io n s  o f  e a r th  c o n s ta n ts  a lo n g  a  p a th  
may be deduced i f  a  s e r i e s  o f  m easurem ents i s  made a lo n g  th e  p a th .  However, 
th e  r e s u l t s  a re  p ro b a b ly  n o t so  a c c u ra te  as th o s e  g iven  by th e  ground 
r e s i s t i v i t y  o r  w a v e - t i l t  m ethods. M oreover, th e  r e s u l t s  w i l l  app ly  on ly  
to  th e  p a r t i c u l a r  p a th  u se d , o r t o  one v e ry  s im i la r .  The method i s  n o t
s u i t a b le  fo r  d e t a i l e d  m easurem ents o f  e a r th  c o n s ta n ts  over g iven  sm a ll a r e a s .

The p h ase-change  method a ls o  ta k e s  a l l  f a c to r s  in to  accoun t and , 
in  a d d i t io n ,  seems to  b e  cap a b le  o f  g iv in g  more d e t a i l e d  in fo rm a tio n  on 
inhomogeneous p a th s  th a n  can be o b ta in e d  by th e  a t te n u a t io n  m ethod. I t  
h a s ,  how ever, th e  d isa d v a n ta g e  o f  r e q u i r in g  an a u x i l i a r y  VHF o r  UHF l in k  
to  p ro v id e  a  r e fe re n c e  f o r  phase  a t  th e  r e c e iv e r .

C au tion  m ust be e x e rc iz e d  in  th e  l a s t  th r e e  methods to  en su re  t h a t
th e  m easured f i e l d  i s  n o t in f lu e n c e d  by io n o s p h e r ic  w aves, and t h a t  t a l l  
v e g e ta t io n  does n o t in f lu e n c e  th e  r e s u l t s  u n d u ly , u n le s s ,  o f  c o u rs e ,  t h i s  
i s  th e  e f f e c t  i t  i s  d e s i r e d  to  s tu d y  (F ig . 4 ) .

The r e f l e c t i o n - c o e f f i c i e n t  method p ro v id e s  d a ta  w hich a re  
a p p l ic a b le  to  on ly  a  sm a ll a re a  o f  ground around th e  p o in t  o f  m easurem ent, 
an d , s in c e  i t  can be  u sed  on ly  a t  v e ry  h ig h  f r e q u e n c ie s ,  th e  dep th  o f  ground 
in v o lv e d  i s  a l s o  v ery  sm a ll.

The d is p e r s io n  method i s  w e ll  ad ap ted  f o r  r e l a t i v e l y  lo n g  p a th s  
and low f r e q u e n c ie s ,  and i t  th e r e f o r e  f in d s  i t s  p r in c i p a l  a p p l ic a t io n  in  
c o n n e c tio n  w ith  lo w -freq u en cy  n a v ig a tio n  sy stem s. The method has th e  advan tage  
t h a t  no t r a n s m i t t e r  need  be p ro v id e d , b u t  i t  a l s o  s u f f e r s  th e  d isa d v a n ta g e  
t h a t  d a ta  can be accum ula ted  on ly  v e ry  s lo w ly , b ecau se  o f  th e  random and
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in f re q u e n t o ccu rren ce  o f  s u i t a b le  l ig h tn in g  s t r o k e s .  I t  can be used  a t  
a l l  d is ta n c e s ,  b ecau se  th e  p u ls e  method a llow s s e p a ra t io n  o f  th e  ground-wave 
from  th e  io n o s p h e r ic “wave. I t  r e q u ire s  more co m p lica ted  equipm ent and 
in v o lv e s  more m a th em a tica l com plex ity  th a n  o th e r  m ethods. F u r th e r  developm ent 
o f  t h i s  method seems to  be r e q u ir e d  to  overcome some o f  th e  d i f f i c u l t i e s  
m entioned .
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FIGURE 1

DIELECTRIC CONSTANT AS A FUNCTION OF FREQUENCY

a )  F resh  w a te r  and  p u re  w a te r  (20°C)
b )  Sea w a te r  (20°C)
c ) Wet ground
d) A verage ground
e )  Very d ry  g round and ic e
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Frequency (MHz)

FIGURE 2
CONDUCTIVITY AS A FUNCTION OF FREQUENCY

a) Sea w ater (average  s a l i n i t y ) ,  20°C
b) Wet ground
c) F resh  w ate r, 20°C
d) Average ground
e ) Very dry ground
f )  Pure w ate r, 20°C
g) Ice  (F resh  w ater)
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FIGURE 3

PENETRATION depth as a functio n of f r e quen cy

a) Very d ry  ground

b) F resh  w ater

c) Average ground

d) Wet ground

e ) Sea w ater
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(MHz)

FIGURE U

ADDITIONAL ATTENUATION OVER WOODED TERRAIN

A : Vertical polarization 
B : Horizontal polarization
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REPORT 258-2*

MAN-MADE RADIO NOISE 

(S tudy  Programme 7C/6)

(1963-19TO-19'TM

In  th e  s o lu t io n  o f te leco m m u n ica tio n  p ro b lem s, i t  i s  
h ig h ly  d e s i r a b le  to  be a b le  to  e s t im a te  th e  r a d io  n o ise  a t  any 
lo c a t io n  a s  caused  by d i f f e r e n t  ty p e s  o f n o ise  s o u rc e s .  A t 
c e r t a i n  lo c a t io n s ,  u n in te n d e d  man-made n o ise  may be dom inan t.
S ince  such  n o is e  can a r i s e  from  a  number of s o u rc e s ,  su ch  a s  
power l i n e s ,  i n d u s t r i a l  m ach inery , i g n i t io n  sy s tem s , . e t c . ,  i t  
v a r ie s  m arkedly  w ith  lo c a t io n  and tim e Z h erm an, 1971; H o m e r, ‘
1 9 7 1 7 .

C u rre n t in fo rm a tio n  i s  n o t a v a i la b le  f o r  e s t im a t in g  
man-made n o is e  i n t e n s i t i e s  u n d e r a l l  c o n d it io n s  b u t from 
l im i te d  o b s e rv a tio n s  ^ f j .T .A .C . ,  1968 ; D isney ,
1972_7  i t  i s  p o s s ib le  to  d e r iv e  t y p i c a l  v a lu e s .

Median v a lu e s  o f  man-made n o ise  power e x p re s se d  in  
te rm s o f  Fa (dB above th e rm a l n o ise  a t  288 K, see  R epo rt 3 2 2 -1 ) 
a t t r i b u t e d  t o  man-made so u rc e s  a re  shown in  F ig .  1 f o r  b u s in e s s ,  
r e s i d e n t i a l ,  r u r a l  and q u ie t  r u r a l  a r e a s .  M easurem ents from  
103 lo c a t io n s  in  th e  U n ite d  S ta te s  d u r in g  -1966-1971 in c lu s iv e  
were u sed  in  th e  d e te rm in a tio n  o f  th e  u p p er th r e e  c u rv e s .
B u s in e ss  a r e a s  a re  d e f in e d  as  th e  co re  c e n t r e s  o f  la rg e  c i t i e s  
and u rb a n  a r e a s  a s  th e  r e s i d e n t i a l  s e c t io n s  o f  la rg e  c i t i e s  
a s  w e ll a s  th e  subu rban  a re a s  o f  la rg e  p o p u la tio n  c e n t r e s .
R u ra l a r e a s  a re  d e f in e d  a s  sm a ll com m unities and fa rm s , w h ile  
th e  cu rve  f o r  q u ie t  r u r a l  a re a s  c o rre sp o n d s  t o  th e  v a lu e s  o f  
man-made n o is e  a t  a q u ie t  s i t e  a s  r e p o r te d  in  R ep o rt 3 2 2 -1 ,
The dashed  curve o f  g a l a c t i c  n o ise  o b ta in e d  from  R ep o rt 3 2 2 -1  
i s  in c lu d e d  f o r  r e f e r e n c e .

N ote  : The C .C .I .R . S e c r e t a r i a t  i s  r e q u e s te d  to  convey th e  t e x t  o f  t h i s  
R ep o rt t o  S tudy  Group 1 f o r  in fo rm a tio n .

* A dopted unanim ously
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F I G U R E  1

HEAH V A L U E S  OF HAN HADE N O I S E  POWER F O R  A S HO RT  V E R T I C A L  L O S S L E S S  GROUNDED HOWOPOLE AMTEKHA

A :  B u s i n e s s  0: -  Q « i « t  r u r a l

8 :  R e s i d e n t i a l  E :  G a l a c t i c

C : Rural



REPORT 298-3*

PROTECTION RATIOS FOR AMPLITUDE-MODULATION SOUND BROADCASTING 

(S tudy  Programme 25A-1/10)

(197*0

In tro d u c t io n

T his R eport i s  a  summary o f  th e  in fo rm a tio n  a v a i la b le  on th e  
s u b je c t  o f  p r o te c t io n  r a t i o s  f o r  am p litu d e -m o d u la tio n  sound b ro a d c a s t in g  
s e r v ic e s .

The p r o te c t io n  r a t i o s  quo ted  r e f e r ,  in  a l l  c a s e s ,  to  th e  r a t i o s  
a t  th e  in p u t to  th e  r e c e iv e r ,  no accoun t hav ing  been ta k e n  o f  th e  e f f e c t  o f  
u s in g  d i r e c t io n a l  r e c e iv in g  an ten n ae .

Agreed v a lu e s  o f  p r o te c t io n  r a t i o s  a re  e s s e n t i a l  f o r  th e  s o lu t io n  
o f  freq u en cy  assignm ent problem s in  am p litu d e -m o d u la tio n  sound b ro a d c a s t in g . 
M oreover, th e y  may se rv e  as b a s ic  r e fe re n c e  d a ta  f o r  th e  e v a lu a tio n  o f  th e  
r e l a t i v e  m e r i ts  and th e  e f f e c t iv e n e s s  to  be exp ec ted  w ith  v a r io u s  
a m p litu d e -m o d u la tio n  t r a n s m is s io n  sy stem s.

P r o te c t io n  r a t i o s  depend on a m u lti tu d e  o f  p a ram e te rs  among which 
tra n s m is s io n  s ta n d a rd s  and r e c e iv e r  c h a r a c t e r i s t i c s  p la y  an im p o rtan t r o l e .  
A part from  te c h n ic a l  f a c to r s  th e re  a re  o th e rs  o f  p h y s io lo g ic a l  and 
p s y c h o lo g ic a l n a tu re  w hich have to  be re s p e c te d .  I t  i s ,  t h e r e f o r e ,  
e x t r a o r d in a r i l y  d i f f i c u l t  to  d e te rm in e  g e n e ra l ly  agreed, v a lu e s  o f  
p r o te c t io n  r a t i o s ,  even i f  b o th  th e  tra n s m is s io n  s ta n d a rd s  and th e  r e c e iv e r  
c h a r a c t e r i s t i c s  a re  g iv e n .

A g r e a t  amount o f  r e s e a r c h  work has been c a r r i e d  o u t s in c e  th e  
b eg in n in g  o f  b ro a d c a s t in g ;  t h i s  R e p o rt, how ever, i s  co n fin e d  to  r e s u l t s  
o b ta in e d  s in c e  19*+8.

A ud io -frequency  p r o te c t io n  r a t i o

The a u d io -fre q u e n c y  p r o te c t io n  r a t i o  i s  th e  ag reed  minimum v a lu e  
o f  th e  aud io  s ig n a l - to - in t e r f e r e n c e  r a t i o  c o n s id e re d  n e c e ssa ry  to  ac h ie v e  
a  s u b je c t iv e ly  d e f in e d  r e c e p t io n  q u a l i ty  (se e  Recommendation UU7 ) .

* Adopted unanim ously
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T his r a t i o  may have d i f f e r e n t  v a lu e s  acc o rd in g  to  th e  ty p e  o f  
s e rv ic e  d e s i r e d .  I t  depends g r e a t ly  on th e  ty p e  o f  th e  w anted and th e  
unw anted programme. I t  i s  e s s e n t i a l ,  t h e r e f o r e ,  to  c a r ry  o u t a  c o n s id e ra b le  
amount o f  s u b je c t iv e  l i s t e n i n g  t e s t s ,  b e fo re  a  minimum v a lu e  o f  th e  aud io  
s ig n a l - t o - in t e r f e r e n c e  r a t i o  can b e  ag re e d  upon.

I t  m ust c l e a r ly  be s t a t e d  t h a t ,  due to  p h y s io lo g ic a l  and 
p s y c h o lo g ic a l e f f e c t s ,  i t  i s  co m p le te ly  im p o ss ib le  to  f i x  re a so n a b le  v a lu e s  
o f  th e  a u d io -fre q u e n c y  p r o te c t io n  r a t i o  by m ethods o th e r  th a n  s u b je c t iv e  
t e s t s .

3 . R ad io -fre q u en cy  p r o te c t io n  r a t i o

The r a d io - f re q u e n c y  p r o te c t io n  r a t i o  i s  th e  v a lu e  o f  th e  r a d io ­
freq u en cy  w a n te d - to - in te r f e r in g  s ig n a l  r a t i o  t h a t  e n a b le s ,  under s p e c i f i e d  
c o n d i t io n s , th e  a u d io -fre q u e n c y  p r o te c t io n  r a t i o  to  be o b ta in e d  a t  th e  
o u tp u t o f  a r e c e iv e r .

These s p e c i f i e d  c o n d it io n s  in c lu d e  ;

-  th e  freq u en cy  sp ac in g  betw een th e  w anted and th e  i n t e r f e r i n g  
c a r r i e r ;

-  th e  c h a r a c t e r i s t i c s  o f  em iss io n  ( ty p e  o f  m o d u la tio n , m o d u la tio n  
d e p th , dynamic co m p ressio n , bandw id th  o f  e m is s io n , harm onic 
d i s t o r t i o n ,  e t c . ) ;

-  th e  r e c e iv e r  c h a r a c t e r i s t i c s  ( s e l e c t i v i t y ,  s u s c e p t i b i l i t y  to  
n o n - l i n e a r i t i e s  d ep en d in g , f o r  in s ta n c e ,  on th e  r e c e iv e r  in p u t 
v o l t a g e ,  e t c . ) .

The r a d io - f re q u e n c y  p r o te c t io n  r a t i o  may, th u s ,  b e  de te rm in ed  
by means o f  s u b je c t iv e  t e s t s  as in  th e . ca se  o f  th e  a u d io -fre q u e n c y  p r o te c t io n  
r a t i o .  When p ro c e e d in g  in  t h i s  way th e  number o f  p a ra m e te rs  to  be ta k e n  
in to  a cc o u n t an d , h e n c e , th e  amount o f  work to  be  done w i l l  p ro v e  to  be by 
f a r  g r e a t e r  th a n  in  th e  p re c e d in g  c a s e . Comparable r e s u l t s  can o n ly  be 
o b ta in e d ,  i f  th e  t e s t  c o n d itio n s  a re  r a th e r  s im i l a r .  Recommendation *+13-3» 
t h e r e f o r e ,  c a l l s  f o r  a  c l e a r  s ta te m e n t o f  th e  t e s t  c o n d i t io n s ,  to g e th e r  
w ith  th e  r e s u l t s  o b ta in e d ,  in  te rm s o f  th e  c h a r a c t e r i s t i c s  and p a ra m e te rs  
m entioned  above.

However, th e  a ssessm en t o f  ra d io - f re q u e n c y  p r o te c t io n  r a t i o s  can 
be c o n s id e ra b ly  f a c i l i t a t e d ,  once th e  a u d io -fre q u e n c y  p r o te c t io n  r a t i o  has 
been d e te rm in e d . Due to  th e  f a c t  t h a t  th e  m a jo r i ty  o f  p h y s io lo g ic a l  and 
p s y c h o lo g ic a l  e f f e c t s  o n ly  in f lu e n c e  th e  a u d io -fre q u e n c y  p r o te c t io n  r a t i o ,  
i t  i s  p o s s ib le  to  d e r iv e ,  under s p e c i f i e d  te c h n ic a l  c o n d it io n s  and f o r  a  
g iv e n  v a lu e  o f  th e  a u d io -f re q u e n c y  p r o te c t io n  r a t i o ,  v a lu e s  o f  r a d io ­
f re q u e n c y  p r o te c t io n  ra tio s^ , e i t h e r  by o b je c t iv e  m easu ring  m ethods o r  by__
g ra p h ic a l  /  P a r re a u x , 1972 /  o r  n u m e rica l /  P e tk e , 1973; G ro sc h e l, 1971 /  
m ethods ( s e e  R epo rt 3 9 9 -2 ).
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l t  must be em phasized t h a t  th e  l a s t  m entioned th r e e  m ethods f o r  
th e  e s ta b lish m e n t o f  ra d io - f re q u e n c y  p r o te c t io n  r a t i o s  a re  b ased  on th e  
some b a s ic - id e a s .  They sh o u ld  le a d ,  th e r e f o r e ,  in  p r i n c i p l e ,  to  th e  
same r e s u l t s  and , in  f a c t ,  th e y  do s o , i f  th e  th r e e  m ethods a re  u sed  w ith  
s u f f i c i e n t l y  h ig h  p r e c i s io n .

The la c k  o f  s u i ta b ly  r e l i a b l e  v a lu e s  f o r  ra d io - f re q u e n c y  p r o te c t io n  
r a t i o s  in  th e  p a s t  was m ain ly  a  consequence o f  th e  v e ry  co m p lica ted  
r e l a t io n s h ip  betw een th e  ra d io - f re q u e n c y  p r o te c t io n  r a t i o  and th e  o v e r a l l  
am p litu d e /fre q u e n c y  re sp o n se  o f  th e  r e c e iv e r s .  The l a t t e r  depends on th e  
s e l e c t i v i t y  o f  th e  ra d io - f re q u e n c y  and th e  in te rm e d ia te - f re q u e n c y  s ta g e s ,  
th e  s e l e c t i v i t y  o f  th e  dem odulator and th e  a m p litu d e /fre q u e n c y  re sp o n se  
o f  th e  a u d io -fre q u e n c y  s ta g e s .  T h is d i f f i c u l t y  has been  p a r t l y  overcome 
as a consequence o f  th e  e s ta b lis h m e n t o f  th e  o b je c t iv e  tw o -s ig n a l  m easuring  
m ethod. T h is m ethod, a lth o u g h  q u i te  r e l i a b l e ,  has p roved  to  be to o  
co m p lica ted  f o r  g e n e ra l u s e ,  f o r  exam ple, by r e c e iv e r  m a n u fa c tu re rs .

N um erical methods p re v io u s ly  m entioned  may however be u sed  to  
r e l a t e  d a ta  on r e c e iv e r  s e l e c t i v i t y  c h a r a c t e r i s t i c s ,  as p ro v id ed  by th e  
r e c e iv e r  m a n u fa c tu re rs , to  v a lu e s  o f  ra d io - f re q u e n c y  p r o te c t io n  r a t i o .  
A lthough  th e  c a lc u la t io n s  a re  co m p lica ted  and need e le c t r o n ic  a i d s , th e y  
e n a b le , in  c o n t r a s t  to  th e  o b je c t iv e  m easuring  m ethod, th e  d e te rm in a tio n  
o f  th e  o v e r a l l  freq u en cy  re sp o n se  o f  th e  r e c e iv e r  f o r  a  g iv en  r a d io ­
freq u en cy  p r o te c t io n  r a t i o  cu rv e .

U. G eneral p r in c ip le  o f  n o n -s u b je c t iv e  methods

A ll  n o n -s u b je c t iv e  methods assume th e  u se  o f  s ta n d a rd iz e d  
c o n d itio n s  a t  b o th  th e  t r a n s m i t t in g  and th e  r e c e iv in g  end o f  th e  
tr a n s m is s io n  sy stem , as d e s c r ib e d  in  R eport 399- 2 .

In  a l l  in t e r f e r e n c e  p ro b lem s, th e r e  a re  two d i f f e r e n t  ty p e s  o f  
annoyance :

-  th e  c r o s s - t a lk  from th e  i n t e r f e r i n g  channe l in to  th e  w anted
c h a n n e l, caused  by th e  m o d u la tio n , and

-  th e  b e a t -n o te  produced  by b o th  c a r r i e r s .

The b e a t-n o te  p red o m in a tes  in  annoyance when th e  c a r r ie r - f r e q u e n c y  
s e p a ra t io n  i s  betw een about 0 .2 5  kHz and 6 kHz, a t  l e a s t  f o r  th e  m a jo r i ty  
o f  r e c e iv e r s  in  u s e .
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5. D ata a v a i la b le  on p r o te c t io n  r a t i o s

G e n e ra lly  ag ree d  v a lu e s  o f  r a d io - f re q u e n c y  p r o te c t io n  r a t i o s  a re  
g iv e n  in  Recommendations 1+1+8-1 and 1+1+9-2. R eport *+57“l  d e a ls  w ith  th e  
e f f e c t  o f  a  l i m i t a t i o n  o f  th e  bandw id th  o f  em iss io n  on r a d io - f re q u e n c y  
p r o te c t io n  r a t i o s .  The in fo rm a tio n  g iv e n  in  th e s e  t e x t s  r e f e r s  e x p l i c i t l y  
o r ,  in  th e  ca se  o f  Recommendation 1+1+9-2, m ain ly  to  am p litu d e -m o d u la tio n  
sound b ro a d c a s t in g  in  bands 5 (LF) and 6 (MF). F u r th e r  in fo rm a tio n  on 
p r o te c t io n  r a t i o s  may be  found in  /  B e lg er and R a u te n fe ld , 1958;
L ie d tk e , 19&5 / •  D ata f o r  b ro a d c a s t in g  in  band 7 (HF) a re  c o n ta in e d  in  
Recommendations 2 6 l - l  and 1+11-1. The cu rv es  rep ro d u ced  in  R eport 302 
r e p r e s e n t  d a ta  a t  p r e s e n t  a v a i la b le  on th e  s u b je c t  o f  Q u estio n  27/10 and 
S tudy Programme 27C/10 and r e f e r  p r in c i p a l l y  to  th e  p r o te c t io n  r a t i o s  
r e q u ire d  to  p ro v id e  an a c c e p ta b le  b ro a d c a s t in g  s e rv ic e  in  th e  T ro p ic a l 
Zone in  th e  sh a red  b an d s.

5 .1  R ad io -fre q u en cy  p r o te c t io n  r a t i o s  f o r  ground-w ave s e rv ic e s

5 .1 .1  S ta b le  w anted and i n t e r f e r i n g  s ig n a ls  (ground^wave s ig n a l
in t e r f e r e d  w ith  by  a n o th e r  ground-w ave s ig n a l )

In  Recommendation 1+1+8-1, a  v a lu e  o f  1+0 dB i s  g iv e n  f o r  u se  in  
bands 5 (LF) and 6 (MF) f o r  co -ch a n n e l t r a n s m is s io n s .

W ith t h i s  v a lu e  o f  ra d io - f re q u e n c y  p r o te c t io n  r a t i o  a h ig h  
q u a l i ty  o f  r e c e p t io n  i s  p o s s ib le .  F or p la n n in g  p u rp o s e s , how ever, i t  may 
be n e c e s s a ry  to  adop t low er v a lu e s .  T h is_prob lem  has been  s tu d ie d  by th e  
E.B.U . /  Doc. 1 0 /2 2 6  (E .B .U .) ,  1 9 7 0 -1 9 7 W  and in  Jap an  /~D oc. 10 /286  
( J a p a n ) ,  1970-197*+ / .  The v a lu e s  t h a t  have been  p roposed  a re  30 dB and 
26 dB, r e s p e c t iv e ly .

R e la t iv e  v a lu e s  o f  ra d io - f re q u e n c y  p r o te c t io n  r a t i o s  as a  
f u n c tio n  o f  th e  s e p a ra t io n  betw een th e  c a r r i e r  f re q u e n c ie s  o f  th e  w anted and 
th e  i n t e r f e r i n g  s ig n a l  a re  g iv e n  in  th e  form  o f  cu rves in  
Recommendation 1+1+9-2. These cu rves a re  b ased  p a r t l y  on m easurem ents made 
in  acco rd an ce  w ith  th e  o b je c t iv e  tw o -s ig n a l method o f  m easurem ent and 
p a r t l y  on com pu ta tions ( s e e  R epo rt 399~2). The in f lu e n c e  o f  dynamic 
com pression  and a u d io -fre q u e n c y  bandw idth  l i m i t a t i o n  can a ls o  be seen  from  
th e s e  c u rv e s .  I t  sh o u ld  be  n o te d , how ever, t h a t  th e  f u l l  im provement in  
p r o te c t io n  r e s u l t i n g  from  bandw idth  l i m i t a t i o n  can on ly  be o b ta in e d  when 
th e  n o n - l i n e a r i t y  o f  th e  t r a n s m i t t e r  i s  sm a ll.

5 .1 .2  S ta b l e  w anted and f l u c t u a t i n g  i n t e r f e r in g  s ig n a l  /  B e lg e r  e t a l
0.965_/.

5 .1 .2 .1  S h o r t- te rm  fa d in g

S h o r t- te rm  fa d in g  o f  th e  i n t e r f e r i n g  s ig n a l  m o d if ie s  th e  c h a r a c te r  
o f  th e  d is tu rb a n c e  f e l t  by th e  l i s t e n e r  : i f ,  f o r  a  g iv e n  a u d io -fre q u e n c y  
s ig n a l - t o - in t e r f e r e n c e  r a t i o ,  th e  i n t e r f e r i n g  s ig n a l  i s  made to  f l u c t u a t e ,
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th e  d is tu rb a n c e  i s  s u b je c t iv e ly  f e l t  to  be more s e v e re .  Docs. X/5 (E .B .U .) ,  
X/31 (F e d e ra l R epub lic  o f  Germany) and X/ 36  (F ra n c e ) ,  I 963- I 966  in d i c a te  
t h a t ,  to  o b ta in  th e  same deg ree  o f  s a t i s f a c t i o n  o f  th e  l i s t e n e r ,  th e  
p r o te c t io n  m ust be  in c re a s e d  by abou t 5 dB in  th e  l a t t e r  c a se .

In  Recommendation ^U8- l ,  t h i s  v a lu e  has been  in c o rp o ra te d  in  
th e  r a d io  freq u en cy  p r o te c t io n  r a t i o .

5 .1 .2 .2  Long-term  f i e l d  s t r e n g th  v a r ia t io n s

R eport 26U-3, § b g iv e s  a  fo rm ula  p e rm it t in g  th e  d e te rm in a tio n  o f  
th e  r a t i o  betw een two f lu c tu a t in g  f i e l d  s t r e n g th s  t r a n s m it te d  by th e  
io n o sp h e re .

In  th e  case  under c o n s id e ra t io n ,  t h i s  fo rm u la  becom es, w ith  some 
s im p l i f ic a t io n s  o f  form  :

R(T) = F -  F (50) -  { (100 -  T) -  A J5 0 )  (1 )ou on n n

where

R(T) i s  th e  r a t i o  (dB) o f  th e  two f i e l d  s t r e n g th s  exceeded
d u rin g  T% o f  th e  n ig h ts  in  a  y e a r ;

F i s  th e  f i e l d  s t r e n g th  o f  th e  ground-w ave o f  th e  w anted
s ig n a l

F (50) i s  th e  f i e l d  s t r e n g th  o f  th e  io n o s p h e r ic  wave o f  th e
unw anted s ig n a l  a t  m id n ig h t ( lo c a l  tim e) a t  th e  m id -p o in t 
o f  th e  p ro p a g a tio n  p a th ,  w hich i s  exceeded d u rin g  50# 
o f  th e  n ig h ts  in  a  y e a r ;

i s  th e  c o r r e c t io n  f a c to r  to  be a p p lie d  to  f i e l d  s t r e n g th  
F to  ta k e  in to  acco u n t th e  tim e a t  th e  m id -p o in t o f  th e  
pa£h ;

V 50)

<St(T) i s  th e  c o r r e c t io n  f a c to r  to  be a p p lie d  to  f i e l d  s t r e n g th
H F to  ta k e  in to  accoun t th e  p e rc e n ta g e  T o f  th e  n ig h ts  m  

ona y e a  
p a th .
a ° y e a r ,  a t  H h ou rs ( lo c a l  tim e) a t  th e  m id -p o in t o f  th e

The v a lu e s  o f  AH(50) and a re  g iv en  r e s p e c t iv e ly  in  F ig s .  6 and 7 
o f  R eport 26^-3  as  f a r  as th e  European B ro a d c a s tin g  A rea i s  conce rn ed .

To en su re  p r o te c t io n  co rresp o n d in g  to  a p r o te c t io n  r a t i o  o f 
A (dB ), th e  c o n d itio n

A ^  R(T) (2)

m ust be s a t i s f i e d .
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5 .2  R ad io -fre q u en cy  p r o te c t io n  r a t i o s  f o r  sky-wave s e rv ic e s

A c h a r a c t e r i s t i c  o f  th e  sky-wave s e r v ic e ,  e s p e c ia l ly  when 
re c e p t io n  i s  b e in g  made w ith  envelope d e t e c to r s ,  i s  t h a t  p ro p a g a tio n  
e f f e c t s  u s u a l ly  b r in g  about a  d e g ra d a tio n  o f  th e  re c e iv e d  s ig n a l  q u a l i t y ,  
f o r  exam ple, d i s t o r t i o n  in  th e  ca se  o f  s e le c t iv e  f a d in g . Because o f  t h i s  
f a c t ,  i t  i s  c o n s id e re d  t h a t  low er v a lu e s  o f  p r o te c t io n  r a t i o s  sh o u ld  be 
a p p l ie d  to  a  sky-wave s e rv ic e  as compared w ith  a  ground-wave s e r v ic e ,  
th e  p r e c i s e  v a lu e s  depend ing  upon w hether th e  s e rv ic e  i s  a  p rim ary  o n e , 
as f o r  b ro a d c a s t in g  in  band 7 (H F), o r  a  seco n d ary  on e , as f o r  b ro a d c a s t in g  
in  bands 5 (LF) and 6 (MF), where th e  p rim ary  s e rv ic e  i s  p ro v id e d  by th e  
ground-w ave.

In  Recommendation *+U8- l  no v a lu e  i s  recommended f o r  u se  when, 
in  bands 5 (LF) and 6 (MF), th e  s e rv ic e  i s  p rov ided_by  th e  sky-w ave. As 
a  r e s u l t  o f  th e  s tu d ie s  c a r r i e d  o u t by th e  E.B .U . /  Doc. 10/226 (E .B .U .) ,  
1970-197*+ /  a  v a lu e  o f  27 dB has been  p ro p o sed . However, on ly  a r e s t r i c t e d  
amount o f  in fo rm a tio n  i s  a t  p r e s e n t  a v a i la b le  on t h i s  a s p e c t o f  b ro a d c a s t in g  
and a d m in is t r a t io n s  a re  s t r o n g ly  u rg ed  to  c a r ry  o u t f u r th e r  s tu d ie s .

5 .3  D ata used  by th e  I .F .R .B .

In  i t s  t e c h n ic a l  ex am in a tio n  o f  freq u en cy  n o t i f i c a t i o n s ,  acc o rd in g  
t o  th e  te rm s o f  A r t i c l e  9 o f  th e  Radio R e g u la t io n s ,  th e  I .F .R .B . u se s  th e  
f ig u r e s  f o r  p r o te c t io n  r a t i o s  and r e c e iv e r  d is c r im in a t io n  c o n ta in e d  in  i t s  
own T e c h n ic a l S ta n d a rd s ,  S e r ie s  A, F o u rth  E d i t io n ,  1 9 6 8 .

6 . S u b je c tiv e  assessm en t o f  th e  q u a l i ty  o f  r e c e p t io n

Doc. X/53 (U .S .S .R .) ,  Bad K reuznach , 1962, g iv e s  th e  r e s u l t s  o f  
s t a t i s t i c a l  and s u b je c t iv e  t e s t s  c a r r i e d  o u t in  th e  U .S .S .R . on th e  e f f e c t s  
o f  d i s t o r t i o n  and in t e r f e r e n c e  in  a  b ro a d c a s t ch a n n e l.

The t e s t s  were perform ed  u s in g  a s t a t i s t i c a l l y  founded 
s u b je c t iv e  m ethod, w ith  s p e c ia l  equipm ent w hich en ab led  a  com parison t o  be 
made betw een an u n d is to r t e d  sound programme and a  second programme, in to  
w hich p re d e te rm in e d  l e v e l s  o f  d i s t o r t i o n  had been  in j e c te d .

The o b je c t  o f  th e s e  ex p erim en ts  was to  d e te rm in e  th e  p e r c e p t i b i l i t y  
o f  d i s t o r t i o n  and th e  fo llo w in g  g roups o f  l i s t e n e r s  p a r t i c i p a t e d  :

-  q u a l i f i e d  e x p e r ts  ( so u n d -b ro a d c a s tin g  p ro d u c e r s ) ,

-  o b se rv e rs  w ith o u t s p e c ia l  m u s ic a l e d u c a tio n  and w ith o u t t r a i n i n g
in  th e  o b s e rv a tio n  o f  d i s t o r t i o n .
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The r e s u l t s ,  of. th e s e  experim en ts  w ere p u b lish e d  in  th e  form  
o f  g ra p h s , showing th e  p e rc e n ta g e  o f  p e r c e p t i b i l i t y  as a  fu n c tio n  o f  th e  
l e v e l  o f  th e  d i s t o r t i o n  o r in te r f e r e n c e  in j e c te d .

A ll  th e s e  t e s t s  w ere made on th e  b a s is  o f  a la r g e  amount o f  
s t a t i s t i c a l  d a ta .  The c o r re c tn e s s  o f  th e  d a ta  o b ta in e d  was checked by 
th e  methods o f  m a th em a tica l s t a t i s t i c s .  R e s u lts  w ere g iv e n  ( s e e  Doc. X /53 
(U .S .S .R .)  Bad K reuznach , 1 9 6 2 ) ,  in  te rm s o f  :

-  l i n e a r  d i s t o r t i o n  o f  d i f f e r e n t  ty p e s  ( a t  v a r io u s  l e v e ls  and f o r  
d i f f e r e n t  freq u en cy  r a n g e s ) ,

-  n o n - l in e a r  d i s t o r t i o n  ( c u b ic ,  q u a d ra t ic  and " c e n t r a l  c u t - o f f "  
ty p e s ) ,

-  background n o is e  ( s in u s o id a l ) ,

-  w h ite  n o is e .

In  th e  same docum ent, a system  o f c l a s s i f i c a t i o n  f o r  th e  
e s t im a t io n  o f  q u a l i ty  o f  r e c e p t io n  i s  g iv e n .

Four c la s s e s  o f  q u a l i ty  o f  re p ro d u c tio n  a re  recommended w hich 
a re  e s ta b l i s h e d  on th e  b a s i s  o f  th e  d eg ree  o f  p e r c e p t i b i l i t y  o f  d i s t o r t i o n  
and in te r f e r e n c e  ( s e e  Doc. X /53)•

Some s im i la r  s u b je c t iv e  l i s t e n i n g  t e s t s  w ere perform ed  in  
Japan  (1973) and th e  r e s u l t s  a re  re p o r te d  in  Doc. 10 /286 (J a p a n ) ,  
1970-197*+. From t h i s  document th e  c o n c lu s io n  was. drawn t h a t  a  r a d io ­
freq u en cy  p r o te c t io n  r a t i o  v a lu e  o f  26 dB s a t i s f i e s  abou t 66.7$ o f  th e  
l i s t e n e r s .
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REPORT 1*00-2*

SOUND BROADCASTING IN BANDS 5 (L F ), 6 (MF) AND 7 (HF)

F a c to rs  l im i t in g  b ro a d c a s tin g  coverage in  band 6 (MF)**

(S tudy  Programme 25F-1 /10)

(1966-1970-197*+)

1 . In tro d u c t io n

B ro a d c a s tin g  t r a n s m i t t e r  netw orks shou ld  be p lan n ed  in  such a 
way t h a t  coverage o f  th e  r e q u ir e d  a re a  i s  p ro v id ed  u s in g  th e  minimum 
number o f  f r e q u e n c ie s .

From th e  p u re ly  te c h n ic a l  s ta n d p o in t ,  th e  s e rv ic e  a re a  o f  each 
t r a n s m i t t e r  depends on a  number o f  f a c t o r s ,  f o r  example t r a n s m i t t e r  pow er, 
minimum u s a b le  f i e l d  s t r e n g th ,  ra d io - f re q u e n c y  p r o te c t io n  r a t i o ,  d is ta n c e  
betw een t r a n s m i t t e r s  sh a r in g  th e  same c h a n n e l, ch an n e l sp a c in g , ground 
c o n d u c t iv ity  and o p e ra t in g  freq u en cy .

The s e rv ic e  a re a s  v a ry  c o n s id e ra b ly  w ith  th e  ty p e  o f  s e rv ic e  
re q u ir e d  w hich may be ground wave by d ay , ground wave o r  sky-wave by n ig h t .

S tu d ie s  have been c a r r i e d  o u t in  F rance and in  th e  F e d e ra l R epublic  
o f  Germany in  th e  framework o f  th e  a c t i v i t i e s  o f  th e  European B ro ad ca s tin g  
Union /  Eden and M inne, 1969  / •  In  th e s e  s tu d ie s  one o f  th e  main a s p e c ts  
was to  examine th e  in f lu e n c e  on coverage o f  th e  ra d io - f re q u e n c y  p r o te c t io n  
r a t i o  and th e  d is ta n c e  betw een t r a n s m i t t e r s  s h a r in g  th e  same fre q u e n c y .

F u r th e r  s tu d ie s ,  c a r r i e d  o u t w ith in  th e  European B ro a d c a s tin g  
Union (E .B .U .) /  E .B .U ., May, 197*+', Eden and M inne, 1973_/ and in  Jap an  
/  see  Doc. 10/306 (Jap an ) 1970-197*+_/ have in d ic a te d  th e  in f lu e n c e  o f  
channe l sp ac in g  on a re a  co v erag e .

* Adopted unanimously.

** The operational aspects of broadcasting coverage in band 6 are 
discussed more fully in Report 6l6.
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2 . Coverage f a c to r  as  a  fu n c tio n  o f  d is ta n c e

2 .1  D e f in i t io n  and b a s ic  assum ption

In  th e  absence o f  n o is e ,  two t r a n s m i t t e r s  o p e ra t in g  on th e  same 
freq u en cy  w ith  an eq u a l power P kW, s e p a ra te d  by a  d is ta n c e  D km, have a 
s e rv ic e  ran g e  R km, w hich depends on th e  ra d io - f re q u e n c y  p r o te c t io n  r a t i o ,  
A, (d B ), b u t i s  in d ep en d en t o f  th e  t r a n s m i t t e r  pow er. In  th e  p re se n c e  
o f  n o is e  th e  s e rv ic e  ran g e  i s  a ls o  dependent on th e  t r a n s m i t t e r  pow er.

The coverage  f a c t o r ,  c ,  may be d e f in e d  to  be th e  r a t i o  o f  th e  sum 
o f  a l l  s e rv ic e  a r e a s ,  s n , o f  th e  in d iv id u a l  t r a n s m i t t e r s  o p e ra t in g  on th e  
same freq u en cy  on a v e ry  e x te n s iv e  a re a  S to  th e  t o t a l  a re a  :

c = £ s n /S = (2TT//3) (R2 /D2 ) .

The q u a n t i ty  R^/D2 i s ,  t h u s ,  p r o p o r t io n a l  to  th e  coverage f a c t o r .

The coverage  f a c to r  so d e f in e d  i s  a l s o  known as a re a  coverage 
p e r  ch an n e l and i s  n o rm ally  ex p re sse d  as  a  p e rc e n ta g e . I f  th e  a re a  
coverage  o b ta in a b le  u s in g  a l l  th e  a v a i la b le  ch an n e ls  in . band 5 (MF) 
exceeds u n i ty  ( 100$) th e n  t h i s  number r e p r e s e n t s ,  on a v e ra g e , th e  number
o f  programmes t h a t  can be r e c e iv e d  a t  any lo c a t io n  th ro u g h o u t th e  whole
a re a  u nder c o n s id e ra t io n .

To e s t a b l i s h  cu rv es  showing th e  dependency o f  10^ x R ^/d2 o r  c , 
r e s p e c t iv e l y ,  on th e  d is ta n c e  D w ith  e i t h e r  A o r  P as  p a ra m e te rs  th e  
fo llo w in g  c o n d it io n s  were ta k e n  as  a  b a s is  :

-  t r a n s m i t t e r s  o f  eq u a l pow er;

-  ground-w ave p ro p a g a tio n  cu rv es  o f  Reccom endation 3 6 8 -2 ;

-  sky-wave f i e l d  : an n u a l m edian v a lu e  o f  th e  h o u rly  m edian 
v a lu e s  a t  m id n ig h t;

-  sky-wave p ro p a g a tio n  cu rv es  d e r iv e d  from F ig . 2 o f  R eport 261+-3, 
e x t r a p o la te d  beyond 3500 km (se e  F ig . 1 o f  t h i s  R e p o r t) .

The e x t r a p o la t io n  was made in  s e v e ra l  ways :

-  by e x te n d in g  th e  cu rv es  u s in g  fo rm u la  ( l a )  o f  § 2 .o f  R eport 26U-2 
(p ro p a g a tio n  ty p e  No. l ) ;

-  by h a lv in g  th e  mean s lo p e  o f  th e  e x i s t in g  cu rv es  ev e ry  500 km 
from  3500 km onwards (p ro p a g a tio n  ty p e  No. 2 ) ;
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-  by ta k in g  an in te rm e d ia te  cu rve betw een th e  f i r s t  two cu rv es  
(p ro p a g a tio n  ty p e  No. 3 ) ;

-  sky-wave p ro p a g a tio n  cu rve : C airo  (N/S) /  C .C .I .R . ,  1938_/ 
(p ro p a g a tio n  ty p e  No. U);

-  sky-wave p ro p a g a tio n  cu rve : U .S .S .R . /  U d a ltso v  and S c h ly u g e r, 1972 / s 
f o r  1 MHz and geom agnetic l a t i t u d e  o f  25.1*° N (p ro p a g a tio n  ty p e
No. 5 ) .

Correction factors taking account of the vertical radiation 
diagram of the transmitting antenna, magnetic dip, sunspot number, etc., 
were not applied to the field strength values obtained from the curves.

Note : F ie ld  s t r e n g th  m easurem ents c a r r i e d  o u t in  bands (LF) and_6 (MF) 
in  th e  U .S .S .R . /  V ilen sk y  e t  a l ,  1969; Taumer and M u lle r , 1965_/ show t h a t ,  
p a r t i c u l a r l y  in  band 6 , s u b s t a n t i a l l y  h ig h e r  v a lu e s  o f  f i e l d  s t r e n g th  were 
o b ta in e d  a t  d is ta n c e s  beyond 2000 km th a n  would be ex p ec ted  from th e  cu rv es  
o f  R eport 26U-3. A summary o f  th e s e  o b s e rv a tio n s  i s  c o n ta in e d  in  
R eport 1+31-1.

2 .2  R e s u lts

2 .2 .1  P lan e  E a r th

The cu rv es  in  F ig s .  2 , 3 and h f o r  a freq u en cy  o f  1 MHz a re  g iven  
as exam ples. The f ig u r e s  a re  b ased  on th e  assum ption  t h a t  th e r e  i s  o n ly  
one in t e r f e r i n g  s t a t i o n  and th e  s e rv ic e  ran g e  was c a lc u la te d  u nder 
th e  w o rst c o n d i t io n ,  i . e .  on th e  s t r a i g h t  l i n e  c o n n ec tin g  th e  w anted and 
unw anted t r a n s m i t t e r .  The f ig u re s  show th e  dependency o f  th e  coverage 
f a c to r  on th e  d is ta n c e  betw een t r a n s m i t t e r s  o p e ra t in g  on th e  same freq u en cy .

F ig . 2 i s  v a l id  when a  ground-w ave s e rv ic e  i s  l im i te d  by sky-wave 
in te r f e r e n c e  from th e  unwanted t r a n s m i t t e r  and when, in  th e  absence o f  
n o is e ,  th e r e  i s  no power dependency. The p a ram ete r in d ic a te d  on th e  
cu rv es  i s  th e  ra d io - f re q u e n c y  p r o te c t io n  r a t i o  A. A lso shown in  
d e c ib e ls  r e l a t i v e  to  1 yV/m i s  th e  f i e l d  F-j_ o f  th e  wanted t r a n s m i t t e r  a t  
th e  l i m i t  o f  th e  s e rv ic e  a r e a ,  fo r  a  tra n s m is s io n  power o f  1 kW w ith  a 
s h o r t  v e r t i c a l  a n te n n a . For in s ta n c e ,  a  p o in t  o f  i n t e r s e c t i o n  on a 
cu rve  shown by lo n g  d a sh e s , f o r  F^ = 1+0 dB, and a cu rv e  R2 /D2 = f (D ) , 
f o r  A = 25 dB, means t h a t  i f  th e  t r a n s m i t t e r s  a re  s e p a ra te d  by a 
d is ta n c e  D km ( a b s c is s a  o f  th e  p o in t  o f  in t e r s e c t i o n )  and f o r  a 
p r o te c t io n  r a t i o  A = 25 dB, th e  f i e l d  a t  th e  l i m i t  o f  th e  a r e a ,  where 
th e  ra d io - f re q u e n c y  p r o te c t io n  r a t i o  i s  > 25 dB, i s  0 .1  mV/m.
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F ig . 2 shows t h a t  :

-  i n i t i a l l y  th e  coverage f a c to r  d e c re a se s  as D in c re a s e s  and i s  
s m a l le s t  a t  a p p ro x im a te ly  1500 km. However, in  p r a c t i c e ,  th e s e  
r e l a t i v e l y  h ig h  coverage f a c to r  v a lu e s  a t  sm all d is ta n c e s  
betw een t r a n s m i t t e r s  can n o t be ach iev ed  because in te r f e r e n c e  
from more th a n  one t r a n s m i t t e r  i s  to  be e x p e c te d ;

-  f o r  d is ta n c e s  beyond abou t 1500  km up to  a t  l e a s t  1+000 km, th e  
coverage  f a c t o r  in c r e a s e s ;

-  beyond 1+000 km, th e  v a r i a t i o n  o f  th e  coverage f a c to r  depends on 
p ro p a g a tio n  c o n d i t io n s .  W ith p ro p a g a tio n  o f  ty p e  No. 3 ,  th e  
v a r i a t i o n  i s  o n ly  s l i g h t ,  a t  l e a s t  f o r  h ig h  ra d io - f re q u e n c y  
p r o te c t io n  r a t i o s ;

-  th e  g e n e ra l shape o f  th e  c u rv e s ,  though v a ry in g  w ith  th e  
p ro p a g a tio n  ty p e  f o r  d is ta n c e s  beyond 3500  km, i s  p r a c t i c a l l y  
in d ep en d en t o f  th e  c o n d u c t iv i ty  o f  th e  s o i l  and th e  fre q u e n c y ;

-  th e  optimum s e p a ra t io n  depends c o n s id e ra b ly  on th e  p ro p a g a tio n  
ty p e  b u t l e s s  so  on th e  ra d io - f re q u e n c y  p r o te c t io n  r a t i o .

F ig s .  3 and U /  Suzuki et_ a l , 197^_7 show th e  in f lu e n c e  o f  th e  
power P (w hich i s  th e  p a ram e te r  in d ic a te d  on th e  c u rv e s)  in  th e  p re se n c e  
o f  n o is e  f o r  a  ra d io - f re q u e n c y  p r o te c t io n  r a t i o  A = 1+0 dB and 26 dB 
r e s p e c t iv e ly .  The coverage f a c t o r  c i s  p re s e n te d  on a  lo g a r i th m ic  s c a le  
to  e n a b le  a  com parison to  be made betw een th e  f iv e  exam ples shown :

-  ground-w ave s e rv ic e  i n t e r f e r e d  by a  ground-w ave s ig n a l  (d ay -tim e  
c o n d i t io n s ) ,  ground c o n d u c t iv i ty  a  = 3 x 10”3 . S/m; cu rv es  (A) 
see  F ig s .  3 and 1+;

-  ground-w ave s e rv ic e  i n t e r f e r e d  by a  sky-wave s ig n a l  (n ig h t- t im e  
c o n d i t io n s ) ,  ground c o n d u c t iv i ty  o  = 3 x 10”3 . S/m; p ro p a g a tio n  
ty p e  No. 1 : cu rv es  (B]_) see  F ig s .  3 and 1+; p ro p a g a tio n  ty p e  No. 1+ 
cu rv es  (B2 ) o f  F ig . 3 ; p ro p a g a tio n  ty p e  No. 5 ' cu rv es  (B2 ) o f  
F ig . 1+;

sky-wave s e rv ic e  i n t e r f e r e d  by a  sky-wave s ig n a l  (n ig h t- t im e  
c o n d i t io n s ) ;  p ro p a g a tio n  ty p e  No. 1 : cu rv es  (Cj_); p ro p a g a tio n  
ty p e  No. U : cu rv es  (C2 ) see  F ig s .  3 and 1+.
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F ig s . 3 and b show t h a t ,  in  th e  p re sen ce  o f  n o is e  :

-  th e  optimum s e p a ra t io n  betw een t r a n s m i t t e r s  u s in g  th e  same 
channe l v a r ie s  c o n s id e ra b ly  w ith  t r a n s m i t t e r  pow er;

-  th e  optimum s e p a ra t io n  i s  co m p le te ly  d i f f e r e n t  u nder d ay -tim e 
and n ig h t- t im e  c o n d i t io n s ;

-  th e  optimum s e p a ra t io n  i s  n o t v e ry  d i f f e r e n t  under n ig h t- t im e  
c o n d itio n s  b o th  fo r  a  ground-wave o r  a  sky-wave s e r v ic e ;

-  th e  lo w es t coverage w i l l  be o b ta in e d  when a  ground-wave s e rv ic e  
i s  in t e r f e r e d  by th e  sky-wave s ig n a l  o f  an unwanted t r a n s m i t t e r ;

-  a t  l e a s t  w ith  h igh-pow er t r a n s m i t t e r s  (P ^ 30 kW), a sky-wave 
s e rv ic e  would g iv e  a  coverage s im i la r  to  t h a t  o f  a  ground-wave 
s e rv ic e  a t  d a y -tim e ;

-  th e  sky-wave coverage i s  c o n s id e ra b ly  reduced  when p ro p a g a tio n  
ty p e s  Nos. U and 5 a re  a p p l ie d ;

-  th e  ground-w ave coverage d u rin g  n ig h t- t im e  i s  a lso  reduced  
c o n s id e ra b ly  f o r  p ro p a g a tio n  ty p e s  Nos. 1+ and 5* In  t h i s  case  
th e  maxima o f  coverage a re  l e s s  pronounced o r  d isa p p e a r  a lm ost 
in  com parison to  th o s e  o b ta in e d  w ith  p ro p a g a tio n  ty p e  No. 1 ;

-  a t  s h o r t  d is ta n c e s  th e  ground-wave coverage d u rin g  n ig h t- t im e  
in c re a s e s  w ith  d e c re a s in g  co -ch an n e l d is ta n c e  alm ost in d e p e n d e n tly  
o f  th e  p ro p a g a tio n  ty p e  a p p lie d  f o r  th e  c a l c u la t io n  o f  th e  
sky-wave in te r f e r e n c e .  T h is  e f f e c t  r e s u l t s  in  h ig h e r  coverage
a t  low er co -ch a n n e l d is ta n c e s  w hereas th e  s e rv ic e  ran g es  d e c re a se  
to  a few k ilo m e tre s  o n ly .

For in te r f e r e n c e  from sky-wave s ig n a ls  e i t h e r  to  a  ground-w ave o r  
to  a  sky-wave s e r v ic e ,  s u i t a b le  c o -ch a n n e l d is ta n c e s  a re  o f  th e  o rd e r  o f  
th e  r a d iu s  o f  th e  E a r th ,  so t h a t  th e  s p h e r ic a l  n a tu re  o f  th e  E a r th  must be 
ta k e n  in to  acc o u n t. T h is has been done in  /  Eden and M inne, 1969_/ where 
o n ly  sky-wave s e rv ic e  i s  c o n s id e re d  and where p o t e n t i a l  in t e r f e r e n c e  from 
th e  n e a r e s t  co -ch an n e l t r a n s m i t t e r s ,  a l l  e q u a l ly  sp aced , has been  ta k e n  
in to  acc o u n t.

2 .2 .2  S p h e r ic a l  E a r th
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An a tte m p t has been made, t h e r e f o r e ,  to  cover a sp h ere  w ith  a 
netw ork  o f  e q u i l a t e r a l  s p h e r ic a l  t r i a n g l e s .  I t  can be shown t h a t  t h i s  can 
be done by ap p ro x im atin g  th e  sp h ere  to  a p o ly h e d ro n . A te t r a h e d r o n ,  
o c tah ed ro n  and ic o sa h e d ro n  p ro v id e  s u r fa c e s  c o n s is t in g  o f  U, 8 and 20 
e q u i l a t e r a l  t r i a n g l e s ,  r e s p e c t iv e ly .  These t r i a n g l e s  may be developed  on 
to  a  p la n e  and i t  i s  th e n  p o s s ib le  t o  ap p ly  w ith o u t d i f f i c u l t y  a  l i n e a r  
channe l d i s t r i b u t i o n  to  t h i s  developm ent.

However, when r e c o n s t i t u t i n g  th e  p o ly h e d ro n , some o f  th e  t r i a n g l e s  
w i l l  s h a re  s id e s  o r  a p ic e s  w ith  o th e r  t r i a n g l e s ,  from w hich th e y  were 
s e p a ra te d  in  th e  p la n e  developm ent. In  th o s e  groups o f  t r i a n g l e s  th e  
ch an n e l d i s t r i b u t i o n  w i l l  th e n  no lo n g e r  n e c e s s a r i ly  be l i n e a r ,  and 
c o n se q u e n tly  r e s t r i c t i o n s  on th e  u se  o f  th e  ch an n e ls  shown on th e s e  t r i a n g l e s  
w i l l  o c c u r . The p ro p o r t io n  o f  th e s e  (u n u sab le )  t r i a n g l e s  w ith  r e s p e c t  to  
th e  t o t a l  number w i l l  be a t  most 1+0$ in  th e  ca se  o f  th e  ic o sa h e d ro n , 25$ 
in  th e  ca se  o f  th e  o c ta h e d ro n  and 50$ in  th e  ca se  o f  th e  te t r a h e d r o n .
On th e  o th e r  h an d , th e s e  t r i a n g l e s  may be ig n o red  to  a  l a r g e  e x te n t  by 
m aking u se  o f  th e  f a c t  t h a t  d ry  la n d  o ccu p ie s  o n ly  one t h i r d  o f  th e  E a r th 1s 
s u r f a c e .  I t  i s  t h e r e f o r e ,  s t i l l  p o s s ib le  to  u t i l i z e  th e  r e s u l t s  t h a t  have 
a l re a d y  been  o b ta in e d  by c o n s id e r in g  netw orks on a  p la n e  s u r f a c e .

Assuming th a t  f o r  th e  coverage  o f  th e  la n d  m asses' about* 50$ o f  
th e  t r i a n g u l a r  s u r fa c e s  w i l l  in  f a c t  be u s e d , each  channe l can be used  
p r e c i s e ly  0 .25  tim e s  th e  number o f  e x i s t in g  t r i a n g u l a r  p la n e s .  I t  i s  now 
p o s s ib le  to  show as a f i n a l  r e s u l t  th e  f u l l  r e l a t i o n s h ip  betw een th e  number 
o f  t r a n s m i t t e r s  b, c o -ch a n n e l d is ta n c e  D, n e c e ss a ry  t r a n s m i t t e r  power P and 
coverage  f a c t o r  c ,  t h a t  can be o b ta in e d  in  one s in g le  d iag ram . F ig . 5 shows 
t h i s  r e s u l t .  I t  sh o u ld  be n o te d  t h a t  th e  a b s o lu te  v a lu e  f ix e d  f o r  any one 
o f  th e s e  p a ra m e te rs  d e te rm in e s  th e  v a lu e s  o f  a l l  th e  o th e r s .  When u s in g  
t h i s  f ig u r e  one sh o u ld  b e a r  in  mind t h a t  i t  can o n ly  g iv e  an e s t im a t io n  o f  
th e s e  r e l a t i o n s h i p s .

In  an a d d i t io n a l  s tu d y  th e  in f lu e n c e  o f  th e  ra d io - f re q u e n c y  
p r o te c t io n  r a t i o  on th e  coverage f a c to r  was c a lc u la te d  u s in g  th e  same 
assu m p tio n s  as s t a t e d  p re v io u s ly .  The r e s u l t s  a re  shown in  F ig . 6 and 
in d i c a te  t h a t  th e  coverage f a c t o r  in c re a s e s  more r a p id ly  w ith  d e c re a s in g  
v a lu e s  o f  ra d io - f re q u e n c y  p r o te c t io n  r a t i o  when th e  d is ta n c e  betw een co­
channe l t r a n s m i t t e r s  i s  r e l a t i v e l y  sm a ll. For a  d is ta n c e  o f  3000 km, f o r  
exam ple, th e  coverage f a c t o r  i s  100  tim e s  h ig h e r  when th e  ra d io - f re q u e n c y  
p r o te c t io n  r a t i o  i s  20 dB in s te a d  o f  1+0 dB.

2 .3  C onclu sions

The main r e s u l t s  o f  th e  s tu d ie s  m en tioned  above a r e  rep ro d u ced  in  
F ig . 5. A lthough  th e  s tu d ie s  w ere p u re ly  t h e o r e t i c a l  and a lth o u g h  l i t t l e  
was known, a t  th e  t im e ,  o f  p ro p a g a tio n  beyond 3500  km (on w hich m a t te r ,  
how ever, f u r th e r  work has s in c e  been d o n e , R eport 575» th e  r e l a t i o n s h ip  
betw een th e  p a ra m e te rs  shown in  F ig . 5 e x i s t s .
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There i s ,  e s p e c i a l l y ,  no escape  from th e  f a c t  t h a t  th e  number o f  
t r a n s m i t t e r s  t h a t  may o p e ra te  on th e  same freq u en cy  i s  in v e r s e ly  p ro p o r t io n a l  
to  th e  t r a n s m i t t e r  s e p a r a t io n .  I t  i s  a ls o  t r u e  t h a t  th e  coverage f a c to r  a t  
l e a s t  f o r  th e  sky-wave in c re a s e s  w ith  in c re a s in g  t r a n s m i t t e r  s e p a ra t io n  fo r  
d is ta n c e s  below  about 5000 km. The a c c u ra te  v a lu e s  o f  th e  coverage  f a c to r  
may, how ever, be c o n s id e ra b ly  s m a l le r ,  due to  e i t h e r  a d d i t io n a l  in te r f e r e n c e  
( e .g .  from  a d ja c e n t c h an n e ls )  o r  h ig h e r  f i e l d  s t r e n g th s  from f a r  d i s t a n t  
t r a n s m i t t e r s  o r s im i la r  e f f e c t s .

I t  shou ld  be n o te d  t h a t  th e  coverage t h a t  can be ach iev ed  i s  l e a s t  
when a ground-wave s e rv ic e  i s  i n t e r f e r e d  w ith  by sky-wave s ig n a l s .

There a r e ,  how ever, means by which im provem ents in  coverage can 
be made, f o r  exam ple5th e  u se  o f  sy n ch ro n ized  t r a n s m i t t e r  netw orks an d , in  
c e r t a in  c a s e s ,  th e  u se  o f  d i r e c t i o n a l  t r a n s m i t t in g  an tennae  (se e  R eport 6l 6 ) .

3 . Coverage factor as a function of channel spacing

3.1 Basic assumptions

The in f lu e n c e  o f  ch an n e l sp ac in g  on MF a re a  coverage f o r  b o th  
ground-w ave and sky-wave s e rv ic e s  a t  n ig h t  has been in v e s t ig a te d  f o r  channe l 
sp ac in g s  betw een 5 and 10 kHz. The a re a  c o n s id e re d  was th e  combined 
European and A fr ic a n  B ro a d c a s tin g  A reas (1+2 x 10^ km2 ) and a  c o n s ta n t 
number o f  freq u en cy  ass ig n m en ts  was assum ed. The t o t a l  a re a  coverage w ith  
th e s e  ass ig n m en ts  was c a lc u la te d  under v a r io u s  assum ptions and p re s e n te d  in  a 
number o f  cu rv es  showing coverage f a c t o r  as a fu n c tio n  o f  channe l sp a c in g s  
betw een 5 and 10 kHz and f o r  v a r io u s  numbers o f  t o t a l  freq u en cy  ass ig n m en ts  
as a p a ram e te r .

3.2 Ground-wave service at night

S tu d ie s  f o r  ground-w ave coverage have been c a r r i e d  ou t in  Jap an .
The r e s u l t s  a re  g iv en  in  F ig . 7* They show t h a t  th e  maximum o f  coverage 
i s  o b ta in e d  w ith  a  channe l s e p a ra t io n  o f  about 8 kHz, a lm ost in d e p e n d e n tly  
o f  th e  number o f  ass ig n m en ts  w ith in  th e  g iv en  a r e a .  The a b s o lu te  v a lu e  o f  
coverage does n o t depend s tro n g ly  on th e  number o f  a ss ig n m e n ts .

3.3 Sky-wave service

S im ila r  s tu d ie s  w ere c a r r i e d  o u t in  th e  F e d e ra l R epub lic  o f  Germany 
f o r  sky-wave co v erag e . The r e s u l t s  a re  g iven  in  F ig . 8 . In  t h i s  case  to o  
th e  maximum coverage i s  o b ta in e d  w ith  a ch an n e l sp ac in g  o f  abou t 8 kHz.
The v a lu e  o f  th e  co v e ra g e , how ever, depends s tr o n g ly  on th e  number o f  
ass ignm en ts  in  th e  g iv en  a re a .
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3.1+ C onclusions

The r e s u l t s  show t h a t ,  compared w ith  th e  p re s e n t  s i t u a t i o n  
( e s s e n t i a l l y ,  9 kHz o r  10 kHz s p a c in g ) ,  g r e a t e r  coverage would be o b ta in e d  
w ith  a  ch an n e l sp a c in g  o f  8 kHz. T h is  ev id en ce  i s  b ased  on s tu d ie s  w ith  
a r e g u la r  t r a n s m i t t e r  l a t t i c e  and w ith  t r i a l  a ss ig n m en ts  in  th e  
European and A fr ic a n  B ro a d c a s tin g  A reas .

The r e s u l t  o f  a u n ique  optimum v a lu e  o f  8 kHz in  p r a c t i c a l l y
a l l  c a se s  may be e x p la in e d  w ith  th e  h e lp  o f  F ig . 9*

I f  N freq u en cy  ass ig n m en ts  in  band 6 (MF) to  t r a n s m i t t e r s  (o r
sy n ch ro n ized  g ro u p s) a re  r e q u ir e d  in  a g iv en  a r e a  S and i f  co -ch a n n e l
in te r f e r e n c e  o n ly  has to  be ta k e n  in to  a c c o u n t, th e n  th e  coverage im proves 
w ith  d e c re a s in g  ch an n e l s p a c in g , th u s  in c re a s in g  th e  number o f  ch an n e ls  
a v a i l a b l e .  I t  i s  obv ious t h a t ,  in  such  a  c a s e ,  th e  average  c o -ch a n n e l 
d is ta n c e  w i l l  a l s o  in c re a s e  (cu rv e  A o f  F ig .  9) and th a t  in te r f e r e n c e  
w i l l  be red u ced  by t h i s  m easu re . Low v a lu e s  o f  ch an n e l sp ac in g  w ould , 
in  t h i s  c a s e ,  be p r e f e r a b l e .

I f ,  how ever, a d ja c e n t-c h a n n e l  in s te a d  o f  c o -ch a n n e l in t e r f e r e n c e  
had to  be ta k e n  in to  a c c o u n t, th e  r e s t  o f  th e  p a ram e te rs  rem ain in g  
unchanged., i n t e r f e r e n c e  would in c re a s e  and , h e n c e , coverage would d e c re a se  
w ith  d e c re a s in g  ch an n e l sp a c in g  (cu rv e  B o f  F ig . 9)« High v a lu e s  o f  
ch an n e l sp ac in g  w ould , t h e r e f o r e ,  be d e s i r a b le  in  t h i s  c a s e .

In  p r a c t i c e ,  how ever, b o th  ty p e s  o f  in te r f e r e n c e  have to  be 
c o n s id e re d  and i t  i s  obv ious t h a t  th e  r e s u l t i n g  coverage c u rv e , a s  a 
fu n c tio n  o f  freq u en cy  s p a c in g , w i l l  be s i t u a t e d  below  th e  two cu rv es  
d is c u s s e d  above. F u rth e rm o re , from  th e  shape o f  th e  two l i m i t in g  c u rv e s , 
i t  i s  v e ry  p ro b a b le  t h a t  th e  r e s u l t i n g  coverage cu rve  w i l l  have a  maximum 
(cu rv e  c o f  F ig . 9)»

I t  has been shown by a  f u r th e r  s tu d y  t h a t  th e  channe l sp ac in g  
c o rre sp o n d in g  to  maximum coverage depends m ain ly  on th e  r e l a t i v e  r a d io ­
freq u en cy  p r o te c t io n  r a t i o  cu rve and co rresp o n d s  to  a  r e l a t i v e  v a lu e  o f  
abou t Ar e i  = -20  dB.

I t  has a ls o  been  shown t h a t  in  th e  p r e s e n t  s i t u a t i o n ,  in  th e  
European B ro a d c a s tin g  A rea , f o r  h igh-pow er t r a n s m i t t e r s  ( >  100 kW), th e  
e f f e c t iv e  in t e r f e r e n c e  l e v e l s  a re  more th a n  10 dB g r e a te r  f o r  co -ch a n n e l 
s t a t i o n s  th a n  f o r  a d ja c e n t-c h a n n e l s t a t i o n s .  T h is  in d ic a te s  t h a t  th e  
sp ac in g  co u ld  be red u ced  below  9 kHz, g a in in g  more ch an n e ls  and p e rm i t t in g  
g r e a t e r  co -c h a n n e l d i s ta n c e s ,  w ith o u t le a d in g  to  undue a d ja c e n t-c h a n n e l 
in t e r f e r e n c e .

S tu d ie s  c a r r i e d  o u t in  th e  U .S .S .R . have shown th e  u s e fu ln e s s  o f  
p re s e rv in g  a  ch an n e l sp a c in g  o f  9 kHz.
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Distance between co-channel transmitters, D(km)

FIGURE 3

Coverage factor per channel, c as a function of 
distance between co-channel transmitters, D for

v a r io u s  p ro p a g a tio n  cu rves

A : Ground wave s e rv ic e  under d ay -tim e  c o n d itio n s  
B : Ground wave s e rv ic e  under n ig h t- t im e  c o n d it io n s  
C : Sky-wave s e rv ic e  under n ig h t- t im e  c o n d itio n s

(R a d ia t io n , P(kW) i s  c o n s ta n t a t  a l l  a n g le s  o f  e le v a tio n )

Propagation curve
Ground wave: Recommendation 3 6 8 -I ( f l=3 X 10 3 S/m)
Sky-wave : -------------  Report 264-2 (R ev .T 4 )

— -----  CAIRO(N/S)
Frequency  f  1 000 kHz
R ad io -freq u en cy  p r o te c t io n  r a t i o  A 1+0 dB
Minimum f i e l d  s t r e n g th  F . 6l  dBmm
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D i s t a n c e  b e t w e e n  c o - c h a n n e l  t r a n s m i t t e r s ,  f i ,  (km)

FIGURE h

C o v e r a g e  f a c t o r  p e r  c h a n n e l ,  c  a s  a  f u n c t i o n  o f  
d i s t a n c e  b e t w e e n  c o - c h a n n e l  t r a n s m i t t e r s ,  D f o r

v a r io u s  p ro p a g a tio n  cu rv es

A : Ground wave s e rv ic e  u nder d ay -tim e  c o n d it io n s  
B : Ground wave s e rv ic e  u nder n ig h t- t im e  c o n d it io n s  
C : Sky-wave s e rv ic e  under n ig h t- t im e  c o n d it io n s

(R a d ia t io n ,  P(kW ), i s  c o n s ta n t  a t  a l l  a n g le s  o f  e le v a t io n )

P r o p a g a t i o n  c u r v e

G r o u n d  w a v e :  R e c o m m e n d a t i o n  3 6 8 - 2  = 3 x  1 0 3
Sky-wave : ■ R e p o r t  2 6 4 - 3

--------------- U S S R
-------------- C A I R O ( N / S )

Frequency  f  ; 1 000 kHz
R a d io -fre q u en cy  p r o te c t io n  r a t i o  A . 26 dB
Minimum f i e l d  s t r e n g th  > . 6l  dB

r min *

S / m )
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Ou
JS

Fioure JL
Number o f  transmitters, b, transmitter power P  and coverage factor per transmitter, c, as functions o f  the

separation between co-channel transmitters, D

Curves P x: transmitter power (dB rel. 1 kW) for Fmin — 74 dB rel. 1 [xV/m 
P t : transmitter power (dB rel. 1 kW) for Fmin -  60 dB rel. 1 |xV/m 
b : number of co-channel transmitters 
c : percentage coverage factor per channel

°.;:!5o - f r e ri'.er.cy . ' r o + f c t h n  r a t i o  : 4C d3 
Frequency/ : 1 MHz

Example:
If the number of transmitters sharing the same channel is taken as b — 17, then the co-channel trans­

mitter separation is D  — 4100 km, the coverage factor/channel is c -  3-7% and the e .H .r .P . necessary fo r  a l l  
transmitters to make the coverage limiting factor interference rather than noise is:

P  -  21*5 dB rel. 1 kW for Fmln -  60 dB rel. 1 jiV/m 
or
P  -  35-5 dB rel. 1 kW for F ^  -  74 dB rel. 1 [xV/m
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Separation between cochanncl transmitters, A  (km)

Fiouar 6

Coverage factor for a  spherical Earth, e , a s a  /unction o f  separation between transmitters. D. 
with protection ratio, A as a parameter

Frequency: 1 MHz
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FIGURE T

A rea coverage o b ta in a b le  u s in g  a 1 080 kHz band w ith  N 
s t a t io n s  in  an a re a  o f  U2 x IQ*3 km^ by a ground-w ave s e rv ic e  

under n ig h t- t im e  c o n d itio n s

P ro p a g a tio n  curve

Ground-wave : Recommendation 368-2 (a = 3 x 10“3 S/m), at 1 MHz 
Sky-wave CAIRO (N/S)
P ro te c t io n  r a t i o  : A = 26 dB

Adjacent channel protection ratio curve : Recommendation h b 9 ~ 2, curve A



- 62 -

Otoa}U<U>oo
c5<U

FIGURE 8

Area coverage obtainable by the sky-wave 
with all channels in band 6 (MT)

P aram e te r : number o f  freq u en cy  ass ig n m en ts  N 
B as ic  assum ptions :
-  t o t a l  a re a  : k2 x 1 0 ^ kn^
-  co -ch a n n e l p r o te c t io n  r a t i o  f o r  th e  m edian f i e l d  : 27 dB
-  r e l a t i v e  p r o te c t io n  r a t i o s  : cu rve  o f  Recommendation U^9-2
-  each w anted t r a n s m i t t e r  i n t e r f e r e d  by th r e e  co—channe l and th r e e  a d ja c e n t-c h a n n e l 

t r a n s m i t t e r s
-  sky-wave p ro p a g a tio n  cu rv es  :

w anted s ig n a l  : R eport 26^-3

unw anted s ig n a l  : R ep o rt 575 equation (3 ) /  Eden and Minne, 1973 /.
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Curve B

Curve C

Distance, D, (km)
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<0
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A = 27 dB 
N = 3 
N = 61(8

Channel separation, A f, (kHz)

FIGURE 9

Limits for area coverage (radio-frequency 
protection ratio : 27 dB)

area coverage in the presence of co-channel interference (three transmitters)
area coverage in the presence of adjacent channel interference 
(three transmitters)
area coverage obtainable in the presence of co-channel and adjacent-channel 
interference.
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REPORT 4 0 1 - 2 *

SOUND BROADCASTING IN BANDS 8 (LF) AND 6 ( W

H ig h -e f f ic ie n c y  t r a n s m it t in g  an tennae  

(Q u estio n  I j5/ l 0 )

(1966- 1970-197^)

1. A ntenna w ith  reduced  v e r t i c a l  r a d ia t io n

Doc. X/21 (U .S .A .) , 1965~1966, d e s c r ib e s  a h ig h - e f f ic ie n c y  
a n t i - f a d in g  an ten n a  c o n s is t in g  o f  a s e c t io n a l i z e d  tow er o f two 120° 
s e c t io n s  (used  a t  th e  WOAI s t a t i o n  a t  San A n ton io , T e x a s) . The 
fa d in g  zone a re a  r e l a t i v e  to  th e  ground-wave s e rv ic e  a re a  i s  red u ced  
from  ap p ro x im ate ly  50^ ( f o r  a O O ll  \  an ten n a ) to  abou t 30% f o r  a ground 
c o n d u c t iv i ty  o f 10 x 10O  S/m. The document ex p h a s iz e s  t h a t  in  t h i s  ty p e  
o f  an ten n a  th e  c u r r e n t  d i s t r i b u t i o n  must be k ep t a s  s in u s o id a l  a s  
p o s s ib le  by u s in g  a  t h i n  s t r u c tu r e  o f  un ifo rm  c r o s s - s e c t io n .

O b se rv a tio n s . Prom ex p e rien ce  in  o th e r  c o u n tr ie s  i t  i s  e v id e n t 
t h a t  a h ig h - e f f ic ie n c y  a n t i - f a d in g  an tenna  sh o u ld  be o f  s e c t io n a l i z e d  
c o n s tru c t io n  and have a t o t a l  e l e c t r i c a l  h e ig h t  o f  2 \ / 3  to  X, to  p roduce 
th e  n e c e ssa ry  r a p id  r i s e  o f  sky-wave f i e l d  s t r e n g th  n e a r  to  th e  p o in t  
where i t  e q u a ls  t h a t  o f th e  ground-w ave. The e f f e c t  o f  th e  r e s i s t i v e  
component o f  th e  an ten n a  c u r r e n t  on th e  v e r t i c a l  r a d ia t io n  p a t t e r n  
o f  a s e c t io n a l i z e d  tow er can be red u ced  o r com pensated by m u lt ip le  
fe e d in g . I t  sho u ld  be n o te d  t h a t  th e  lo c a t io n  and e x te n t  o f  th e  
fa d in g  zone v a r ie s  due to  changes i n  th e  p r o p e r t i e s  o f th e  r e f l e c t i n g  
io n o sp h e r ic  la y e r s .

I n  p r a c t i c e ,  th e  fa d in g  zone i s  somewhat l a r g e r  th a n  t h a t  
c a lc u la te d .  T h is  m ight be due on th e  one hand to  v a r ia t io n s  o f th e  
E - la y e r  r e f l e c t i o n  and on th e  o th e r  hand to  F - la y e r  r e f l e c t i o n s .  The 
d e s ig n  o f an tennae  sh o u ld  ta k e  c a re  o f  th e se  e f f e c t s .

2 . In f lu e n c e  o f ground c o n d u c t iv ity  on th e  v e r t i c a l  r a d ia t io n  p a t t e r n

Doc. 10/188 (U n ited  Kingdom), 1970-197^* g iv e s  th e  r e s u l t s  o f 
a t h e o r e t i c a l  s tu d y  in to  th e  in f lu e n c e  o f ground c o n d u c t iv i ty  on th e  
v e r t i c a l  r a d ia t io n  p a t te r n s  o f  ty p i c a l  v e r t i c a l  a n te n n a e . The s tu d y  
ta k e s  accoun t o f  th e  d i f f r a c t i o n  o f waves around  th e  c u rv a tu re  o f 
th e  E a r th .

* Adopted unanim ously .
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F ig . 1 shows th e  f i e l d  s t r e n g th  re d u c t io n  w hich would occu r 
i f  f l a t  p e r fe c t ly - c o n d u c t in g  ground were r e p la c e d  by an  im p e r f e c t ly -  
c o n d u c tin g  cu rved  E a r th .  F ig .  1 a p p l ie s  to  v e r t i c a l  t r a n s m i t t in g  
an ten n ae  up to  0 .6  \  h ig h . The cu rv es  o f F ig . 1 ex te n d  to  n e g a tiv e  
a n g le s  o f r a d ia t io n  w hich ap p ly  when waves d i f f r a c t  around th e  c u rv a tu re  
o f  th e  E a r th  and w hich a re  d e f in e d  as  th e  a n g u la r  d is ta n c e  betw een th e  
an ten n a  and th e  ta n g e n t p o in t  f o r  th e  wave.

Ground lo s s  may be d e f in e d  a s  th e  r e d u c t io n  in  f i e l d  s t r e n g th  
w hich o ccu rs  above a cu rv ed  E a r th  when la n d  r e p la c e s  sea  w a te r . Ground 
lo s s  may th e r e f o r e  be d e r iv e d  from F ig . 1 by s u b t r a c t in g  f i e l d  s t r e n g th  
re d u c t io n s  f o r  sea  w a te r  from  th o se  f o r  ground o f  th e  a p p ro p r ia te  
c o n d u c t iv i ty .  The co rre sp o n d in g  in c re a s e  w hich o ccu rs  when la n d  i s  
re p la c e d  by sea  w a te r  i s  known a s  " se a  g a in " .

Doc. X/l4j5 (U n ited  Kingdom), 1966- 1969* g iv e s  th e  r e s u l t s  
o f  f i e l d  s t r e n g th  m easurem ents c a r r i e d  o u t to  d e term in e  th e  e f f e c t s  
o f  ground c o n d u c t iv i ty  on low an g le  r a d i a t i o n  o v e r a r e l a t i v e l y  long  
t r a n s m is s io n  p a th  o f  1 ,400  km. T ran sm issio n s  from Rome a t  845 kHz 
were m easured s im u lta n e o u s ly  a t  c o a s ta l  and in la n d  s i t e s  a lo n g  a r a d i a l  
e x te n d in g  100 km in la n d  from a c o a s ta l  s i t e  in  S o u th ern  E ng land .
B ecause o f  th e  p r in c ip le  o f  r e c i p r o c i t y  i t  i s  im m a te ria l w hether th e  
an ten n a  t r a n s m its  o r  r e c e iv e s .

F ig .  1 shows th e  v e r t i c a l  r a d i a t i o n  p a t t e r n  c a lc u la te d  a t  a 
f req u en cy  o f  1 MHz f o r  a s h o r t  v e r t i c a l  an ten n a  over f l a t  ground o f  
poo r c o n d u c t iv i ty  (10“*3 S /m ), good c o n d u c t iv ity  ( 10~2 S/m) and sea  
w a te r  (4 S /m ); f r e s h  w a te r  ap p ea rs  to  behave l i k e  ground o f good 
c o n d u c t iv i ty .  The v e r t i c a l  r a d i a t i o n  p a t t e r n  which would be o b ta in e d  
i f  th e  ground were a  p e r f e c t  co n d u c to r i s  a l s o  shown f o r  com parison .

F ig .  2 shows th e  r e s u l t s  o f  m easurem ents i n  te rm s o f f i e l d  
s t r e n g th  a t  th e  in la n d  s i t e s ,  B to  K, r e l a t i v e  to  th e  c o a s ta l  s i t e ,  A.
T h is  F ig u re ,  t h e r e f o r e ,  shows how ground lo s s  v a r ie s  w ith  d is ta n c e  
from th e  sea  a t  th e  freq u en cy  845 kHz f o r  an  an g le  o f  a r r i v a l  o f  abou t
4 ° .  A lso shown i n  F ig .  2 a re  t h e o r e t i c a l  cu rv es  f o r  ground c o n d u c t iv i t i e s
o f  5 x  1 0 “^ s/m  and lCT^ s/m  w hich a re  b e l ie v e d  to  be th e  l i m i t s  f o r  
most o f th e  a r e a .  P a r t  o f  th e  t h e o r e t i c a l  curve f o r  2 x 10~*2 S/m 
i s  a l s o  in c lu d e d  s in c e  th e  f i r s t  10 km in la n d  was known to  be o f ab o u t 
t h i s  v a lu e .  F ig .  2 c l e a r ly  d em o n stra te s  th e  la rg e  ground lo s s  a t  s i t e s  
w e ll in la n d  from  th e  c o a s t .

The e f f e c t iv e  ground lo s s  a s  a fu n c t io n  o f  th e  p ro p a g a tio n  
p a th  f o r  s in g le  and m u lti-h o p  p ro p a g a tio n  h as  been  c a lc u la te d  and i s
shown in  F ig .  J ,  E - la y e r  p ro p a g a tio n  h a s  been  assum ed.
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Angle o f  r a d ia t io n  above h o r iz o n ta l  (d e g re e s )
“3a )  Ground c o n d u c t iv i ty ,  10 S/m

Angle o f  r a d ia t io n  above h o r iz o n ta l  (d e g re e s)
r3b) Ground c o n d u c t iv i ty ,  JxlO  

FIGURE 1

S/m

R eduction  in  f i e l d  s t r e n g th  f o r  v e r t i c a l  an tennae  up 
t o  0 .6  A h ig h , in c lu d in g  th e  e f f e c t  o f  c u rv a tu re  o f

th e  E a r th
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Angle o f  r a d i a t i o n  above h o r iz o n ta l  (d e g re e s )
-2

c )  Ground c o n d u c t iv i ty ,  10 S/m

Angle o f r a d ia t io n  above h o r iz o n ta l  (d e g re e s )

d ) Ground c o n d u c t iv i ty ,  e )  Ground c o n d u c t iv i ty ,
3 x l0 "2 S/m 4 S/m (se a  w a te r)

FIGURE 1 ( c o n t . )

R ed u c tio n  in  f i e l d  strenprbh fo r  v e r t i c a l  a n te n n a e up to
0 .6  A h ig h , in c lu d in g  th e  e f f e c t  o f  c u rv a tu re  o f

th e  E a r th
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I t  I s  concluded  t h a t  a  t r a n s m i t t e r  o p e ra t in g  i n  th e  MF 
band (band 6 ) w i l l  r a d ia te  sky-w aves more e f f i c i e n t l y  a t  low a n g le s  
o f  r a d ia t io n  i f  i t  i s  s i tu a te d  on a c o a s t l in e  f a c in g  th e  a re a  to  be 
se rv e d  and t h a t  th e  ground lo s s  does n o t re a c h  i t s  l im i t in g  v a lu e  u n t i l  
th e  an ten n a  i s  a t  l e a s t  50 km in la n d .  To o b ta in  maximum advan tage 
open se a  must ex ten d  from th e  c o a s t l in e  f o r  a d is ta n c e  o f a t  l e a s t  
100 w aveleng ths in  th e  d i r e c t io n  o f  p ro p a g a tio n .

Ground lo s s  a p p l ie s  e q u a lly  to  t r a n s m i t t in g  and r e c e iv in g
a n te n n a e .

Doc. X/51 ( I t a l y ) ,  1966- 1969 , shows th e  in f lu e n c e  o f  ground 
c o n d u c t iv i ty  on sky-wave r e c e p t io n .

F ie ld  s t r e n g th  m easurem ents were made over a 4-50 km tr a n s m is s io n  
p a th  (co rre sp o n d in g  to  th e  ang le  o f  e l e v a t io n  o f  ab o u t 24°) s im u lta n e o u s ly  
a t  two p o in t s ,  one on th e  c o a s t and th e  o th e r  s i t u a t e d  in la n d  ab o u t 2  km 
away in  th e  same d i r e c t io n .  I n  th e  f i r s t  c a s e ,  th e  wave was r e f l e c t e d  
by th e  sea  and in  th e  second by th e  g round . Two t r a n s m i t t e r s  i n  Rome, 
one o p e ra t in g  a t  845 kHz and th e  o th e r  a t  1 331 kHz, were u sed .

A ll th e  d a ta  re c o rd e d  a t  b o th  r e c e iv in g  p o in ts  in d ic a te  t h a t  
th e  m edian f i e l d  s t r e n g th  a t  th e  c o a s ta l  s i t e  on b o th  f r e q u e n c ie s ,  i s
0 .5  dB h ig h e r  th a n  th e  v a lu e  m easured in la n d .  T h is  r e s u l t  i s  in  agreem ent 
w ith  th e  c a lc u la te d  t h e o r e t i c a l  v a lu e .

Doc. 10/294 (U .S .S .R .) ,  1970-1974, g iv e s  com parative  f i e l d  
s t r e n g th  m easurement d a ta  i n  th e  freq u en cy  band 150 -  1 500 kHz. The 
d a ta  were o b ta in e d  a t  two r e c e iv in g  p o in ts  o f  d i f f e r e n t  ground co n d u c tiv ity }  
one o f  w hich was lo c a te d  n e a r  th e  sea  and th e  o th e r  in la n d  a t  a d is ta n c e  
o f 60 km from  th e  c o a s t in  th e  d i r e c t io n  o f  th e  t r a n s m i t t e r .  M easurem ents 
were made on d i f f e r e n t  f re q u e n c ie s  over tr a n s m is s io n  p a th s  o f  1 ,2 0 0  t o  
1 ,5 0 0  km.

Median f i e l d  s t r e n g th s  were m easured a t  th e  two r e c e iv in g  p o in ts  
and compared w ith  c a lc u la te d  v a lu e s  f o r  a p a r a l l e l  p o la r iz e d  wave and 
f o r  th e  c o rre sp o n d in g  ground s u r fa c e  by means o f  th e  modulus and phase 
o f  th e  F re s n e l  r e f l e c t i o n  c o e f f i c i e n t s .

The m easured r e s u l t s  in d ic a te  t h a t  th e  in c re a s e  in  f i e l d  
s t r e n g th  from  a t r a n s m i t t e r  s i t e d  n e a r  t o  th e  sea  when compared w ith  
an  in la n d  s i t e d  t r a n s m i t t e r  depends to  a  la rg e  e x te n t  on th e  le n g th  
o f  th e  tr a n s m is s io n  p a th  and t h a t ,  on long  p a th s ,  i t  may exceed  6 dB.
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3* H ig h -e f f ic ie n c y  t r a n s m i t t in g  an tennae

I t  sh o u ld  be em phasized th a t  th e  c a p i t a l  and m ain tenance 
c o s ts  o f  a h ig h - e f f i c ie n c y  t r a n s m i t t in g  a n ten n a  sh o u ld  n o t be c o n s id e re d  
in  i s o l a t i o n ,  b u t r a t h e r  w ith  re g a rd  t o  th e  c o s t  and e f f e c t iv e n e s s  o f 
th e  b ro a d c a s t in g  s t a t i o n  a s  a  w hole. F or exam ple, f o r  a b ro a d c a s t in g  
s t a t i o n  w ith  a t r a n s m i t t e r  o u tp u t power o f  100 kW o r  more, th e  c o s t  
o f th e  an ten n a  i s  o f te n  a r e l a t i v e l y  sm a ll p a r t  o f  th e  t o t a l  e x p e n d itu re .

3 .1  Doc. X /57 (F e d e ra l R epub lic  o f  Germany), 1966- 1969* d e s c r ib e s
a t r a n s m i t t in g  an ten n a  f o r  use in  band 5 ( I F ) .  w hich im proves th e  s e rv ic e  
a re a  by v i r t u e  o f  i t s  h ig h  r a d i a t i o n  e f f i c i e n c y .  T h is  an ten n a  o p e ra te s  
in  th e  band 150 t o  160 kHz, has a h e ig h t  o f  abou t A/lO and a f l a t  
f req u en cy  re sp o n se  up to  a t  l e a s t  ±  6 kHz o f  th e  c a r r i e r  fre q u e n c y .
I t s  r a d i a t i o n  p a t t e r n  i s  t h a t  o f  a  v e r t i c a l  u n ip o le  an ten n a  o f th e  same 
p h y s ic a l  h e ig h t .

3 .2  Doc. X/190 (Sw eden), 1966- 1969* g iv e s  in fo rm a tio n  on e x p e rie n c e
g a in ed  w ith  th e  b ro a d c a s t in g  r in g  an ten n a  f o r  use in  band 5 a t  M otala 
(191 kH z). The an ten n a  i s  a s t a t io n a r y  f i e l d  r in g  an ten n a  c o n s is t in g
o f one c e n t r a l  e lem en t (a  v e r t i c a l  r a d i a to r  o f h e ig h t 250  m) and f iv e  
v e r t i c a l  r a d i a to r s  w ith  a h e ig h t  o f  200  m, e q u a l ly  spaced  on a  r a d iu s  
o f 630  m (0 .4  A). The t o t a l  f i e l d  s t r e n g th s  a t  d is ta n c e s  o f  up to  
300  km from  th e  an ten n a  were re c o rd e d  a t  n ig h t  over a p e r io d  o f s e v e ra l  
y e a rs  a t  s e v e r a l  lo c a t io n s  b o th  b e fo re ,  and a f t e r ,  th e  change was made 
from a  s h o r t  v e r t i c a l  r a d i a to r  t o  th e  r in g  a n te n n a . The m easurem ents 
show a  s u b s t a n t i a l  e x te n s io n  o f th e  f a d in g - f r e e  zone a f t e r  th e  change 
o f  a n te n n a . The t h e o r e t i c a l  v e r t i c a l  r a d i a t i o n  diagram  shows su p p re s s io n  
o f  r a d i a t i o n  a t  a n g le s  o f  40° t o  45° and t h i s  h as  been  ro u g h ly  con firm ed  
by m easurem ents from  a i r c r a f t .

3 .3  Doc. 10 /28  (F e d e ra l R ep u b lic  o f  Germany), 1970“ 197^* d e s c r ib e s
a sw itc h a b le  t r a n s m i t t in g  an ten n a  f o r  o p tim iz ed  day and n ig h t s e rv ic e
in  band 6  (MF). Two an ten n ae  o f  t h i s  ty p e  a re  in  use a t  two b ro a d c a s t in g  
s t a t i o n s  ( ism an in g , 1 602 kHz and L angenberg, 1 5 86 kH z). The an ten n a  
c o n s i s t s  o f  th r e e  in s u la te d  s e c t io n s  and t h i s  p e rm its  v ery  f l e x i b l e  
a d ju s tm e n t o f  th e  c u r r e n t  d i s t r i b u t i o n  and a llo w s  changes i n  th e  v e r t i c a l  
r a d i a t i o n  p a t t e r n  o v e r a wide ra n g e . F or exam ple, i t  i s  p o s s ib le  to  
e f f e c t  a r e d u c t io n  o f  th e  low an g le  r a d i a t i o n  by up to  3*5 dB* a s id e  
lobe  a t te n u a t io n  up to  a  maximum o f  38  dB, and a g a in  i n  th e  h o r iz o n ta l  
p la n e  o f  up to  6  dB. A s u i t a b le  com b in a tio n  o f  th e s e  p a ra m e te rs  r e s u l t s  
in  an  im provement i n  th e  co -ch a n n e l ra d io - f re q u e n c y  w a n te d - to - in te r f e r ln g  
s ig n a l  r a t i o  o f  betw een 3 dB and 10 dB.
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Fioure 2 

Theoretical and measured ground loss

  ■ : theoretical ground loss
O : measured ground loss

(Vertical lines indicate confidence limits)
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Distance (km)

Fiouke 3 

Ground loss for multi-hop propagation

The curves show the ground loss which occurs when sea waier is replaced by ground of conductivity 
5x10-* . /*  at one end of the path. E-Iayer reflection Gayer height 90 km) is assumed and the numbers

against the curves denote angles of radiation.
Curve A: single-hop mode C : three-hop mode

B : two-hop mode D : effective ground loss for all modes
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3 .4  Doc. 10/62 (P e o p le ’s R epub lic  o f P o la n d ) , 1970“1974, d e s c r ib e s
a  double h a lf-w av e  c a g e -ty p e  a n ten n a  f o r  use in  band 6 (MF). T h is  
a n ten n a  c o n s i s t s  o f  fo u r  cages o f  copper o r alum inium  w ire s .  The 
cages a re  suspended on an  e a r t h ,  n o n -d iv id e d , m ast, each  cage ,(*A > 
b e in g  g a lv a n ic a l ly  co n n ec ted  w ith  th e  m ast a t  i t s  upper end and 
in s u la te d  from  th e  m ast a t  i t s  low er end (see  F ig .  4 ) .  I n  th e  document 
a re  g iv e n  th e  r e s u l t s  o f  a  t h e o r e t i c a l  a n a ly s i s  o f th e  a n ten n a  and th e  
r e s u l t s  o f  m easurem ents on a  m etre-w ave m odel.

By a p p ro p r ia te  s e l e c t i o n  o f  th e  r a t i o  and phase o f  th e  c u r r e n ts  
i n  th e  two d ip o le s ,  th e  v e r t i c a l  r a d i a t i o n  p a t t e r n  can  be shaped  w ith in  
a  wide ra n g e . T h is  e n a b le s  s e le c t io n  o f th e  optimum o p e ra t in g  c o n d it io n s  
f o r  b o th  d ay -tim e  and n ig h t- t im e  c o n d i t io n s .

3 .5  Doc. 10 /73  (F ra n c e ) , 1970~1974, r e p o r t s  on th e  e x is te n c e  o f
a h ig h -g a in  band 6 (MF) b ro a d c a s t in g  an ten n a  a t  U T.TF.-Camphin on a 
f req u en cy  o f  1 376 kHz. T h is  an ten n a  i s  o f  th e  fu ll-w a v e  ty p e  and i s  
d e s ig n e d  to  in c re a s e  th e  h o r iz o n ta l  g a in  by re d u c in g  r a d i a t i o n  in  
d i r e c t io n s  o th e r  th a n  t h a t  o f th e  h o r iz o n . I t  i s  c e n t r e - f e d ,  b u t i t s  
q u a rte r-w a v e  s k i r t  s t r u c tu r e  av o id s  c u t t in g  th e  tow er w ith  i n s u l a t o r s .  
T here i s  a l s o  no in s u l a to r  a t  th e  base o f th e  to w er. F eed er m atching
i s  e f f e c t e d  w ith o u t th e  c l a s s i c a l  an ten n a  u n i t ,  in d u c tan ce  o r  c a p a c ita n c e . 
The r a d i a t i o n  diagram  was r e g u la te d  w ith  th e  h e lp  o f  m easurem ents made 
u s in g  a  h e l ic o p te r^ .  A d e t a i l e d  d e s c r ip t io n  o f  th e  an ten n a  i s  a v a i la b le  

L acharnay , 1969 / .

3 .6  Doc. 10/292 (U .S .S .R .) ,  1970-1974, d e s c r ib e s  th e  d e s ig n  o f
an  a n ten n a  th e  r a d i a t i o n  p a t t e r n  o f  w hich can  be r e g u la te d  in  th e  
v e r t i c a l  p la n e .  The upper p a r t  o f  th e  an ten n a  i s  a norm al v e r t i c a l  
r a d i a t o r  w h i ls t  th e  low er p a r t  i s  a v e r t i c a l  r a d i a t o r  w ith  a  re a c ta n c e  
in  th e  form  o f  a s h o r t  c i r c u i t  loop  co n n ec ted  to  th e  b a s e . To reduce  
i t s  c h a r a c t e r i s t i c  im pedance in c l in e d  w ire s  a re  suspended  from  th e  upper 
p a r t  o f  th e  a n te n n a . A v e r t i c a l  w ire  s c re e n  i s  f ix e d  to  th e  low er
p a r t  o f  th e  an ten n a  re a c h in g  from th e  ground to  a h e ig h t o f = 0 .4  H.

R e g u la tio n  o f th e  r a d i a t i o n  p a t t e r n  i n  th e  v e r t i c a l  p la n e  
i s  p ro v id e d  by a d ju s t in g  th e  c u r r e n t  d i s t r i b u t i o n  by means o f d i s t r i b u t e d  
c o n s ta n t  l i n e s .  The an ten n a  p o s se s se s  a n t i - f a d in g  p r o p e r t i e s  i n  a wide 
freq u en cy  band and h as  a  g a in  o f  up to  tw ic e  t h a t  o f  a base d r iv e n  
h a lf-w av e  a n te n n a .

The an ten n a  can  be u sed  in  band 6 (MF) w ith  r e g u la t io n  o f  
th e  c u r r e n t  d i s t r i b u t i o n  and in  band 5 ( l^ )  u n d er c o n d it io n s  co rre sp o n d in g  
t o  c u r r e n t  a n tin o d e  a t  th e  low er end o f  th e  s c re e n .
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REPORT 4 5 7 - 1 *

SOUND BROADCASTING IN BANDS 5 (LF) , 6  (MF) AND 7 (HF)

N ecessary  bandw idth o f  em ission

(1970-1974)

In tro d u c t io n

In  an am p litu d e -m o d u la tio n  d o u b le -s id eb an d  sound b ro a d c a s tin g  system  
th e  bandw idth o f  em ission  i s  ap p ro x im ate ly  tw ic e  th e  a u d io -fre q u e n c y  bandw idth 
o f  th e  programme and , th e r e f o r e ,  g r e a t ly  in f lu e n c e s  th e  q u a l i ty  o f  r e c e p t io n .
On th e  o th e r  h and , f o r  a  g iv e n  freq u en cy  s e p a ra t io n  betw een a d ja c e n t c h a n n e ls , 
a  l i m i t a t i o n  o f  th e  bandw idth o f  em ission  i s  d e s i r a b le  to  av o id  m utual in te r f e r e n c e .

Hie d i f f e r e n c e  betw een th e  t r a n s m it te d  bandw idth f o r  a m p litu d e -  
m £du la tion  sound b ro a d c a s tin g  and th e  r e c e iv e r  bandw idth has le d  to  r e s e a r c h  
/  C .C .I .R .,  1966-1969a and b ; N etzband and SUverkrUbbe, 1 968 ; SUverkrUbbe,
1969 ; P e tk e , 1973J  aimed a t  im proving th e  whole tra n s m is s io n  sy stem . I t  
ap p e a rs  t h a t  i t  would be u s e f u l  to  f i x  v a lu e s  f o r  th e  a u d io -fre q u e n c y  bandw idth 
o f  th e  programme to  be r a d ia te d  as  w e ll as  f o r  th e  o v e r a l l  re sp o n se  o f  th e  
r e c e iv e r s  and to  o b ta in  th e s e  v a lu e s  by th e  u se  o f  band l im i t in g  f i l t e r s .
I f  b o th  th e s e  bandw idths a re  n e a r ly  eq u a l and a re  s u i ta b ly  r e l a t e d  to  th e  
channe l sp ac in g  th e  tr a n s m is s io n  system  p ro v id e s  f o r  th e  f u l l  u t i l i z a t i o n  
o f  th e  t r a n s m it te d  bandw idth as w e ll a s _ fo r  th e  m ost fa v o u ra b le  p r o te c t io n  
a g a in s t  a d ja c e n t  channel in te r f e r e n c e  /  Eden, 1967_ /•

A ssessm ent o f  th e  n e c e ss a ry  bandw idth o f  em ission

O bviously  th e  bandw idth o f em issio n  as w e ll as th e  p ass-b an d  o f  th e  
r e c e iv e r s  shou ld  be chosen in  such  a way t h a t  th e re  i s  no u n n ece ssa ry  im pairm ent 
o f  r e c e p t io n  q u a l i ty  o r  any in c re a s e  in  a d ja c e n t channe l in te r f e r e n c e  
/_ N etzband and SUverkrUbbe, 1 968_ /. In  t h i s  r e s p e c t  a  good s o lu t io n  would be 
to  make th e  channe l s p a c in g , th e  bandw idth  o f  em ission  and th e  r e c e iv e r  
p ass-b an d  o f  eq u a l v a lu e . M oreover, i d e a l ly  th e re  sh o u ld  be r e c ta n g u la r  
l i m i t a t i o n  o f  th e  bandw idth  o f  em ission  and th e  re c e iv e d  s e l e c t i v i t y  curve 
and no n o n - l in e a r  d i s t o r t i o n  in  th e  t r a n s m i t t e r .  Under th e s e  c o n d itio n s  no 
a d ja c e n t  channel in te r f e r e n c e  would o c c u r .

In  p r a c t i c e ,  how ever, none o f  th e s e  re q u ire m e n ts  i s  m et. I n  p a r t i c u l a r ,  
th e  bandw idth o f  em ission  u s u a l ly  exceeds th e  channel sp ac in g  by a c o n s id e ra b le  
amount and , in  consequence, t h i s  h as  le d  to  th e  m anufac tu re  o f  dom estic  
r e c e iv e r s  w ith  reduced  bandw idths which d eg rad es  th e  q u a l i ty  o f  sound 
re p ro d u c t io n . M oreover, a d ja c e n t  channe l r e j e c t i o n  i s  n o t  s u f f i c i e n t l y  im proved.
For p la n n in g  p u rp o se s , how ever, i t  i s  n e c e s s a ry  to  ach iev e  a s u i t a b le  v a lu e  o f 
r e l a t i v e  ra d io - f re q u e n c y  p r o te c t io n  r a t i o ,  R eport 400-2 .

* Adopted unan im ously .



3* G eneral c o n s id e ra t io n s

3 .1  There e x i s t s  a w ell-know n i n t e r r e l a t i o n  betw een system  bandw id th , 
c a r r i e r  sp a c in g  and a d ja c e n t-c h a n n e l ra d io - f re q u e n c y  p r o te c t io n  r a t i o
/  SUverkrUbbe, 1969; P e tk e , 1973_/•

3 .2  The t h e o r e t i c a l l y  o b ta in a b le  optimum v a lu e  o f  p r o te c t io n  a g a in s t  
a d ja c e n t  channe l in t e r f e r e n c e  can be a s s e s se d  by u s in g  an id e a l  r e c e iv e r  
w ith  r e c ta n g u la r  p a ss -b an d  c h a r a c t e r i s t i c s .  In  t h i s  case  th e  r a d io ­
freq u en cy  p r o te c t io n  r a t i o  i s  m ain ly  d e te rm in ed  by n o n - l in e a r  d i s t o r t i o n  
in  th e  t r a n s m i t t e r .

3 .3  A t h e o r e t i c a l  s tu d y  o f  th e  energy  spectrum  in c lu d in g  o u t-o f-b a n d  
r a d i a t i o n  caused  by t r a n s m i t t e r  n o n - l i n e a r i t i e s  i s  c o n ta in ed  in  [_ K e t t e l ,  
1968_ / •  E x p erim en ta l in v e s t ig a t io n s  o f  th e  energy  spectrum  o f  a  h ig h -  
power t r a n s m i t t e r  o p e ra t in g  in  band 6  (MF) C .C .I .R . ,  1966- 1969_ /  show 
th a t  th e  te rm  ’’occu p ied  bandw id th” a s  d e f in e d  in  A r t i c l e  1 , No. 90 o f
th e  Radio R e g u la tio n s  does n o t  g iv e  an ad eq u a te  in d ic a t io n  o f  th e  e f f e c t s  
o f bandw idth  l i m i t a t i o n  on a d ja c e n t  ch an n e l in t e r f e r e n c e .

4 . M easurem ent r e s u l t s

4 .1  M easurem ents o f  th e  ra d io - f re q u e n c y  p r o te c t io n  r a t i o s  f o r  th e
case  o f  v a r io u s  v a lu e s  o f  a u d io -fre q u e n c y  b an dw id th s, w hich a re  eq u a l a t  
b o th  t r a n s m i t t e r  and r e c e iv e r ,  and a t  d i f f e r e n t  channe l sp ac in g s  have been 
c a r r i e d  o u t in  th e  F e d e ra l R ep u b lic  o f  Germany SUverkrUbbe, 1969_ /  u s in g  
th e  o b je c t iv e  tw o -s ig n a l  m easuring  method g iv e n  in  R epo rt 39 9 -2 . For th e  
m easurem ents a h ig h  q u a l i ty  com m ercial r e c e iv e r  w ith  an a lm o st id e a l  p a s s -  
band c h a r a c t e r i s t i c  was u se d . The i n t e r r e l a t i o n  betw een th e  p a ram ete rs  
in v o lv e d  a r e  shown in  F ig .  1 . For a g iv e n  channe l sp a c in g  th e r e  a re  many 
p a i r s  o f  v a lu e s  o f  a u d io -fre q u e n c y  bandw idths and a d ja c e n t  ch an n e l 
p r o te c t io n  r a t i o s .  I f ,  how ever, two o f  th e  p a ram e te rs  have been chosen , 
th e  t h i r d  i s  d e f i n i t e l y  f ix e d .

4 .2  S u b je c tiv e  l i s t e n i n g  t e s t £  were made in  th e  U n ited  S ta te s  o f 
Am erica and in  th e  U n ited  Kingdom C .C .I .R . ,  1966-1969a and b_ /  w hereas 
in  th e  F e d e ra l R ep u b lic  o f  Germany ra d io - f re q u e n c y  w a n te d - to - in te r f e r in g  
s ig n a l  r a t i o  m easurem ents [_ N etzband and SUverkrUbbe, 1968_ /  w ere made 
a c c o rd in g  to  th e  o b je c t iv e  tw o -s ig n a l method o f  m easurem ent g iv en  in  
R ep o rt 3 9 9 -2 . In  b o th  c a s e s ,  th e  r a d ia te d  bandw idth  was r e s t r i c t e d  by 
means o f  a  lo w -p ass  f i l t e r  a t  th e  a u d io -fre q u e n c y  in p u t  to  th e  t r a n s m i t t e r .

In  th e  U n ited  S ta t e s  o f  A m erica, two t a b le  m odels, one p o ck e t 
t r a n s i s t o r  s e t  and one au tom ob ile  t r a n s i s t o r  s e t  w ere u se d . In  th e  U nited  
Kingdom, fo u r  t r a n s i s t o r  p o r ta b le s  and one v a lv e  t a b le  model were ta k e n .
In  th e  F e d e ra l R epub lic  o f  Germany^ th e  r e c e iv e r ^  u sed  w ere E.B .U . 
r e f e r e n c e  r e c e iv e r s ,  MEK and MBF [_ I .T .U . ,  1964__/, f iv e  dom estic  r e c e iv e r s  
c u r r e n t ly  m anufactu red  in  th e  F e d e ra l R epub lic  o f  Germany and two s p e c ia l  
r e c e iv e r s  equ ipped  w ith  m ech an ica l in te rm e d ia te - f re q u e n c y  f i l t e r s .
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In  th e  th r e e  c o u n t r ie s ,  no n o t ic e a b le  d e g ra d a tio n  o f  th e  
r e c e p t io n  q u a l i ty  was observed  w ith  c u r re n t  ty p e s  o f r e c e iv e r s  when 
th e  bandw idth o f  em issio n  was l im ite d  by a low -pass f i l t e r ,  h av in g  a 
c u t - o f f  freq u en cy  o f  ab o u t h a l f  th e  a d ja c e n t  channe l c a r r i e r  freq u en cy  
s e p a r a t io n ,  in s e r te d  a t  th e  in p u t to  th e  t r a n s m i t t e r .

Mean v a lu e s  o f  improvement in  a d ja c e n t channe l r e j e c t i o n  w ith  
c u r r e n t  ty p e s  o f  r e c e iv e r  r e s u l t i n g  from th e  l i m i t a t i o n  o f  th e  bandw idth 
o f  em issio n , a re  g iv en  in  T ab le I .  V alues o b ta in e d  in  th e  F e d e ra l 
R epub lic  o f  Germany w ith  a s p e c ia l  r e c e iv e r  equipped w ith  m echan ica l 
f i l t e r s  a re  shown in  p a re n th e s e s .

In  th e  s u b je c t iv e  l i s t e n in g  t e s t s  c a r r ie d  o u t in  th e  U n ited  
S ta te s  o f  A m erica, th e  a b s o lu te  v a lu e s  o f  a d ja c e n t r a t i o  vary  c o n s id e ra b ly  
w ith  th e  ty p e  o f  programme, n e v e r th e le s s ,  th e  mean v a lu e s  o f  improvement 
co rresp o n d  f a i r l y  w e ll to  th e  v a lu es  o b ta in e d  by th e  o b je c t iv e  method o f 
m easurem ent used  in  th e  F e d e ra l R epub lic  o f  Germany.

Table I

Improvement in a c c e n t channel rejection

Ratio of audiofrequency bandwidth to channel ipadng

Channel■pacingA/(kHz)

Cut-off frequency of low-pasa filter (kHz)

Subjective tests (S) orobjectivemeaaurementa(O)

Mean value of Improvement in adjacent channel rejection (dB)

0*45 10 4-5 0 (FRG) 12 (29)
0-5 9 0 (FRG) 5 (20)
0-5 9 4-5 s (UK) 3-6
0-525 10 5-25 s (USA) 3 0
0-5625 8 4-5 0 (FRG) 2 (7)
0-5625 8 4-5 s (UK) 0-9
0-643 7 4-5 s (UK) 0-3
0-7 7-5 5-25 s (USA) negligible

( l )  I h i s  f ig u r e  r e p re s e n ts  th e  d i f f e r e n c e  betw een th e  extrem e l i m i t s  o f  
th e  " j u s t  p e r c e p t ib le "  ra d io - f re q u e n c y  w a n te d - to - in te r f e r in g  s ig n a l  
r a t i o s  o b ta in e d  w ith  and w ith o u t f i l t e r  /_ C .C .I .R .,  1966-1969a_ / .

4 .3  Ih e  r e l a t io n s h ip  betw een system  bandw id th , c a r r i e r  sp a c in g  and
a d ja c e n t-c h a n n e l ra d io - f re q u e n c y  p r o te c t io n  r a t i o  has  been s tu d ie d  f u r th e r  
by th e  E.B .U . Ih e se  s tu d ie s  were based  on th e  assum ption  t h a t  b o th  th e  
c a r r i e r  sp a c in g  and th e  a d ja c e n t channe l ra d io - f re q u e n c y  p r o te c t io n  r a t i o  
have p red e te rm in ed  v a lu e s .  F u rth erm o re , i t  was assumed t h a t  any am p litu d e  
m odu la tio n  so u n d -b ro a d c a s tin g  system  to  be s p e c i f ie d  f o r  f u tu r e  u se  shou ld  
be com p atib le  w ith  e x i s t in g  r e c e iv e r s .
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In  t h i s  s tu d y  u se  has  been made o f  th e  ra d io - f re q u e n c y  p r o te c t io n  
r a t i o  v a lu e s  o f  Recommendation 4 4 9 -2 , th e re b y  ta k in g  due acco u n t o f  th e  
c h a r a c t e r i s t i c s  o f  c u r r e n t  ty p e s  o f  r e c e iv e r ,  A channe l sp a c in g  o f  8 kHz 
has been assum ed, s in c e  t h i s  i s  l i k e l y  to  p ro v id e  h ig h e s t  e f f ic ie n c y  in  
spectrum  u t i l i z a t i o n  (se e  Doc, 10/280 (E .B .U .) ,  1970-197^)* 
co rre sp o n d in g  r e l a t i v e  r a d io - f re q u e n c y  p r o te c t io n  r a t i o  v a lu e  i s  th e n  
-20 dB.

The d e te rm in a t io n ,  on th e s e  g ro u n d s , o f  th e  a u d io -fre q u e n c y  
bandw idth  t h a t  can be t r a n s m it te d  by a  s u i ta b ly  d es ig n ed  d o u b le -s id e b a n d , 
am p litu d e -m o d u la tio n  sound b ro a d c a s t in g  sy stem , can b e s t  be c a r r i e d  o u t 
by means o f  th e  n u m e ric a l method f o r  th e  d e te rm in a tio n  o f  th e  r a d io ­
freq u en cy  p r o te c t io n  r a t i o  [_ P e tk e , 1973J .

Any am p litu d e -m o d u la tio n  sound b ro a d c a s t in g  system  h a s ,  in  
p r i n c i p l e ,  th e  same e f f e c t  on th e  r e c e p t io n  q u a l i ty  as a low -pass f i l t e r ,  
A m plitude-m odu la tion  system s d es ig n ed  in  co n fo rm ity  w ith  th e  channe l 
sp a c in g  and p r o te c t io n  r a t i o  re q u ire m e n ts  m entioned above may, th e r e f o r e ,  
d i f f e r  to  some e x te n t  in  bandw idth  and r a t e  o f c u t o f  th e  o v e r a l l  
a m p litu d e /fre q u e n c y  re sp o n se . The in v e s t ig a t io n s  c a r r ie d  o u t w ere , 
th e r e f o r e ,  ex tended  to  cover t h i s  a s p e c t  o f  th e  problem  o f  th e  q u a l i ty  
o f  r e c e p t io n .

I t  was assumed t h a t  th e  in f lu e n c e  on th e  o v e r a l l  a m p litu d e / 
freq u en cy  re sp o n se  o f  th e  e n t i r e  system  was e q u a l ly  d i s t r i b u t e d  betw een 
th e  t r a n s m i t t in g  and r e c e iv in g  en d s . T h is approach  sh o u ld , how ever, be 
c o n s id e re d  a s  a  f i r s t  a t te m p t o n ly  and a d d i t io n a l  s tu d ie s  w i l l  have to  
be c a r r i e d  o u t f o r  d i f f e r e n t  c o n d i t io n s .

As a r e s u l t  o f  th e  c a lc u la t io n s  made i t  was found th a t  any one 
o f  th e  th r e e  o v e r a l l  a m p litu d e /fre q u e n c y  re sp o n se  cu rv es  shown in  F ig . 3 
would p ro v id e  s a t i s f a c t o r y  a d ja c e n t  channe l p r o te c t io n  in  an 8 kHz 
c h a n n e llin g  sy stem . The cu rves o f  F ig . 2 p r e s e n t  p a i r s  o f  v a lu e s  f o r  th e  
bandw idth  b and r a t e  o f  c u t - o f f  a 0 r e q u ire d  a t  e i t h e r  end o f  th e  AM 
sound b ro a d c a s t in g  sy stem . The s o l id  cu rve i s  o n ly  v a l id  i f  u se  i s  
b e in g  made o f  a n o tc h  f i l t e r  in  th e  r e c e iv e r  to  e l im in a te  th e  b e a t-n o te  
betw een a d ja c e n t  channe l c a r r i e r s ,  w hereas th e  b roken  l i n e  a p p l ie s  to  
th e  ca se  where th e r e  i s  no n o tc h  f i l t e r .  The p a r t i c u l a r  p o in ts  I n  F ig . 2 
numbered ( l ) ,  (2) o r  Q )  co rresp o n d  to  te rm in a l  equipm ent c h a r a c t e r i s t i c s  
t h a t  would p ro v id e  o v e r a l l  a m p litu d e /fre q u e n c y  re sp o n se  cu rv es  A, B o r 
C, r e s p e c t iv e l y ,  in  F ig .  3 .

The r e s u l t s  o b ta in e d  a re  in  c lo s e  agreem ent w ith  F ig .  1 w hich 
sh o u ld  be c o n s id e re d  to  p ro v id e  l im i t in g  v a lu e s ,  s in c e  i t  a p p l ie s  to  th e  
i d e a l  c a se  o f  r e c ta n g u la r  p ass-b an d  c h a r a c t e r i s t i c s .  The system  bandw idth 
th u s  d e c re a s e s  r a p id ly  w ith  d e c re a s in g  r a t e  o f c u t - o f f .
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4 .4  R e s u lts  o f  l i s t e n i n g  t e s t s

The in f lu e n c e  on re p ro d u c tio n  q u a l i ty  o f  an am p litu d e-m o d u la tio n  
sound b ro a d c a s tin g  system  w ith  8 kHz channel sp ac in g  and a  r e l a t i v e  
p r o te c t io n  r a t i o  v a lu e  o f  -20 dB f o r  a d ja c e n t channe l in te r f e r e n c e  h as  
been s im u la te d  by u s in g  th r e e  s p e c if ie d  lo w -pass f i l t e r s .  The p ass-b an d  
c h a r a c t e r i s t i c s  o f  th e s e  f i l t e r s  a re  th o se  o f  cu rves A, B and C in  F ig .

S u b je c tiv e  l i s t e n i n g  t e s t s  th e n  showed q u i te  c l e a r ly  t h a t  a 
b e t t e r  s u b je c t iv e  q u a l i ty  im p ress io n  i s  o b ta in e d  w ith  freq u en cy  re sp o n se  
cu rves A and B th a n  w ith  curve C. However, th e  d i f f e r e n c e  i n  q u a l i ty  
betw een cu rves A and B i s  v ery  s m a ll ,  a f a c t  w hich may be o f  c o n s id e ra b le  
economic i n t e r e s t ,  s in c e  th e  r a t e  o f  c u t - o f f  o f  th e  r e c e iv e r  i s  20 d B /oc tave  
le s s  w ith  curve B th a n  w ith  curve A.

5 . R ad io -freq u en cy  and in te rm e d ia te - f re q u e n c y  pass-b an d  c h a r a c t e r i s t i c s  o f  
c u r r e n t  ty p e s  o f  r e c e iv e r

R ece iv e r c h a r a c t e r i s t i c s  have been c o l la te d  in  v a r io u s  c o u n tr ie s  
and a re  p a r t l y  rep roduced  in  R eport 333* New D e lh i ,  1970* R ad io -freq u en cy  
and in te rm e d ia te - f re q u e n c y  pass-b an d  v a lu e s  betw een th e  6 dB p o in ts  a re  
quo ted  ra n g in g  betw een 5 and 10 kHz. I t  shou ld  be n o te d  t h a t  th e  
rep ro d u ced  a u d io -fre q u e n c y  bands a re  abou t h a l f  th e s e  v a lu e s .  The 
h ig h e s t  values_m en tioned  a re  th o se  o f " f i r s t  c a teg o ry "  r e c e iv e r s  in  
th e  U .S .S .R . [_ C .C .I .R .,  1966-1969d_J  w ith  v a r ia b le  s e l e c t i v i t y .

I t  i s  known t h a t  th e r e  a re  many r e c e iv e r s  w ith  even s m a lle r  
p ass-b an d s  th a n  th o se  m entioned in  th e  above r e f e r e n c e s .  I t  h a s ,  how ever, 
been in d ic a te d  t h a t  in  some a re a s  th e r e  e x i s t  r e c e iv e r s  w ith  l a r g e r  
p a ss -b a n d .

6 . Use o f  bandw idth  l i m i t a t i o n  in  o p e ra t io n a l  p r a c t ic e

On an ex p e rim en ta l b a s i s ,  a grow ing number o f  t r a n s m i t t e r s  a re  
now o p e ra t in g  in  bands 5 (HP) and 6 (MF) w ith  a l im i te d  bandw id th . One 
o r  more h igh-pow er t r a n s m i t t e r s  a re  o p e ra te d  in  t h i s  manner in  th e  
fo llo w in g  c o u n tr ie s  : F e d e ra l R epub lic  o f  Germany, A u s t r ia ,  F in la n d , F ra n c e , 
I t a l y ,  luxem bourg, Monaco, th e  N e th e r la n d s , th e  U n ited  Kingdom and 
Sweden /  E .B .U ., 1971J •

T his developm ent s t a r t e d  in  1966 and p u b lic  r e a c t io n  to  th e  
e f f e c t  on programme q u a l i ty  h as  been n e g l ig ib l e .  On th e  o th e r  h and , 
im proved r e c e p t io n  has been r e p o r te d  in  s e v e r a l  c a se s  where a d ja c e n t 
channe l in te r f e r e n c e  had p re v io u s ly  been s e v e re .
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7 . A b an d w id th -sav in g  o v e rto n e  tra n s m is s io n  and r e c e p t io n  system

A new method has been d e s c r ib e d  [_ Gassmann, 1972 and 1973_ J $ 
a p p l ic a b le  in  bands 5 (HF), 6 (MF) and 7 (HF), w hich a llo w s im proved 
sound q u a l i ty  a t  th e  r e c e iv e r  w h ile  th e  a u d io -fre q u e n c y  m odu la ting  
s ig n a l  i s  r e s t r i c t e d  in  bandw id th . The system  i s  based  on th e  f a c t  
t h a t  th e  human e a r  i s  u n a b le  to  i d e n t i f y  o v e rto n e  f re q u e n c ie s  above 
abou t 4 kHz in  r e l a t i o n  to  th e  fundam ental to n e .

The im provem ent o f  th e  sound q u a l i ty  i s  e f f e c te d  by th e  a d d i t io n  
o f  a r t i f i c i a l  o v e rto n e s  g e n e ra te d  in  th e  r e c e iv e r .  The am p litu d es  o f  th e  
o v e rto n e s  a re  c o n t ro l le d  by a  p i l o t  to n e  a t  th e  u p p er end o f  th e  a u d io ­
freq u en cy  p a ss -b a n d . The p i l o t  to n e  c a r r i e s  th e  in fo rm a tio n  on th e  
am p litu d e  o f  th e  o v e rto n e s  and th e  n e c e s s a ry  sy n c h ro n iz in g  s ig n a l  in  th e  
form o f  a  s in g le - s id e b a n d  m o d u la tio n .

8 . O u t-o f-b an d  spectrum  o f  d o u b le -s id e b a n d  sound b ro a d c a s tin g  em issio n s

D ra f t  Recommendation 3 2 8 -3 , § 2 .5 .1 *  g iv e s  th e  l i m i t  cu rves 
f o r  th e  le v e l  o f  th e  o u t-o f-b a n d  r a d ia t io n  o f  am p litu d e  m odulated  d o u b le ­
s id eb an d  b ro a d c a s t e m is s io n s . The cu rv es  have no f ix e d  r e l a t i o n  to  th e  
l e v e l  o f  th e  c a r r i e r  s in c e  t h i s  r e l a t i o n  depends on :

-  th e  m o d u la tio n  f a c t o r  o f  th e  t r a n s m i t t e r  ( r .m .s .  v a lu e ) ;

th e  n e c e s s a ry  bandw idth  o f  th e  e m iss io n ;

-  th e  bandw idth  o f  th e  spectrum  a n a ly s e r .

However, th e  l i m i t  cu rves have a f ix e d  r e l a t i o n s h ip  to  th e  
maximum le v e l  o f  th e  s id eb an d  components w hich depends o n ly  on th e  power 
d i s t r i b u t i o n  w ith in  th e  s id e b a n d s .

D e ta i le d  in fo rm a tio n  on th e  c o rre sp o n d in g  v a lu e s  i s  c o n ta in e d  
in  R ep o rt 3 2 5 -2 , § 9«

9 . N ecessa ry  bandw idth  o f  em issio n s  in  band 7 (HF)

9 .1  L is te n in g  t e s t s  have been made on th e  q u a l i ty  o f  r e c e p t io n
o b ta in a b le  on s h o r t  waves and th e  e f f e c t s  o f  a r e d u c t io n  o f  th e  
n e c e s s a ry  bandw id th . From th e s e  t e s t s ,  i t  h as  been deduced t h a t ,  
a lth o u g h  th e r e  w i l l  be some lo s s  in  q u a l i ty  i f  th e  a u d io -fre q u e n c y  band 
i s  l im i te d  to  a h ig h e s t  m o d u la tin g  freq u en cy  o f  6 400 Hz, t h i s  lo s s  i s  
n o t  s e r io u s .  T e s ts  have a ls o  been  made in  w hich th e  a u d io -fre q u e n c y  band 
h as  been r e s t r i c t e d  to  a h ig h e s t  m o d u la tin g  freq u en cy  o f  5 000 Hz, when, 
how ever, th e  lo s s  in  q u a l i ty  becomes q u i te  n o t i c e a b le .
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9*2 In  band 7 (HF) 5 kHz c h a n n e llin g  i s  common. I t  i s  th e r e f o r e
co n s id e re d  d e s i r a b le  t h a t  th e  bandw idth o f  th e  a u d io -fre q u e n c y  m odu la ting  
s ig n a l  band 7 (HF) shou ld  be 5 000 Hz and sh o u ld , in  no c a s e ,  exceed 
6 400 Hz.

10. C onclusions

1 0 .1  F ig . 1 shows th e  r e l a t io n s h ip  betw een th e  a d ja c e n t channe l r a d io  
freq u en cy  p r o te c t io n  r a t i o ,  th e  channe l sp ac in g  and th e  au d io -fre q u e n c y  
bandw idth  and assumes t h a t  th e  a u d io -fre q u e n c y  bandw idth o f  th e  r a d ia te d  
programme i s  th e  same as t h a t  rep roduced  by th e  r e c e iv e r .  When two o f  
th e  th r e e  p aram ete rs  a re  s e le c te d ,  th e  t h i r d  i s  d e f i n i t e l y  f ix e d .  In  
g e n e ra l th e  channe l sp ac in g  w i l l  be g iv e n  and a p a r t i c u l a r  v a lu e  o f  
ra d io - f re q u e n c y  p r o te c t io n  r a t i o  w i l l  be r e q u ir e d .  Then th e  f u l l  a u d io ­
freq u en cy  bandw idth as ta k e n  from F ig . 1 can be t r a n s m it te d  b u t f u l l
u se  o f  th e  bandw idth o f  th e  r a d ia te d  s ig n a l  can on ly  be made i f  th e  
r e c e iv e r s  have s e l e c t i v i t y  c h a r a c t e r i s t i c s  co rresp o n d in g  to  t h a t  o f  th e  
a u d io -fre q u e n c y  f i l t e r  a t  th e  t r a n s m i t t e r .

10 .2  M easurements made in  th e  U n ited  Kingdom, th e  U n ited  S ta te s  o f  
America and th e  F e d e ra l R epub lic  o f  Germany show t h a t  a  re d u c t io n  o f  
a d ja c e n t channe l in te r f e r e n c e  can be o b ta in e d , i f  th e  bandw idth o f  
em issio n  i s  made ap p ro x im ate ly  eq u a l to  th e  channe l sp a c in g . N e ith e r  
in  la b o ra to ry  t e s t s ,  n o r in  p r a c t i c e ,  h as  th e  r e s t r i c t i o n  o f  th e  
bandw idth o f  em ission  le d  to  any n o t ic e a b le  d e t e r io r a t i o n  in  r e c e p t io n  
q u a l i ty  when u s in g  c u r re n t  ty p e s  o f  dom estic  r e c e iv e r .  Thus, bandw idth  
l i m i t a t i o n  te c h n iq u e s  could  le a d  to  a more e f f i c i e n t  u se  o f  bands 5 (HF)>
6 (MF) and 7 (HF) fo r  b ro a d c a s tin g .

1 0 .3  The p re d e te rm in a tio n  o f  v a lu e s  o f  ch an n e l sp ac in g  and a d ja c e n t  
channe l p r o te c t io n  r a t i o  in  an am p litu d e -m o d u la tio n  sound b ro a d c a s tin g  
system  i s  e q u iv a le n t  to  a d e te rm in a tio n  o f  th e  q u a l i ty  o f  a u d io -fre q u e n c y  
re p ro d u c t io n .  For exam ple, in  th e  case  o f 8 kHz channe l sp ac in g  and
-20  dB a d ja c e n t  channe l p r o te c t io n  r a t i o ,  F ig . 2 shows t h a t ,  w ith  
re a so n a b le  v a lu e s  f o r  th e  r a t e  o f  c u t - o f f ,  an a u d io -fre q u e n c y  bandw idth 
o f  4 .2  kHz can h a rd ly  be exceeded . M oreover, i t  i s  e v id e n t from t h i s  
f ig u r e  t h a t  d e c re a s in g  r a t e s  o f  c u t - o f f  im ply d e c re a s in g  v a lu e s  o f  
a u d io -fre q u e n c y  bandw idth .

From s u b je c t iv e  l i s t e n i n g  t e s t s  i t  i s  a p p a re n t t h a t ,  w ith in  
th e  p red e te rm in ed  l im i t s  shown in  F ig .  2 ,  th e  r e c e p t io n  q u a l i ty  m ain ly  
depends on th e  a u d io -fre q u e n c y  bandw idth . However, when ap p roach ing  
th e  l i m i t s ,  a s l i g h t  in c re a s e  in  a u d io -fre q u e n c y  bandw idth  may im ply a 
s u b s t a n t i a l  in c re a s e  i n  r a t e  o f  c u t - o f f ,  w hereas th e  in c re a s e  in  r e c e p t io n  
q u a l i ty  may h a rd ly  be n o t ic e a b le .
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I t  may be assumed t h a t  s im i la r  s tu d ie s  f o r  9 kHz o r  10 kHz 
ch an n e l sp a c in g  would le a d  to  co rresp o n d in g  r e s u l t s  showing th e  same 
te n d e n c ie s .  The ap p o rtio n m en t o f  th e  o v e r a l l  a m p litu d e /fre q u e n c y  
re s p o n se  e q u a l ly  to  th e  t r a n s m i t t e r  and r e c e iv e r  does n o t  n e c e s s a r i ly  
c o rre sp o n d  t o  optimum c o n d i t io n s .  On th e  c o n t ra ry ,  com putations 
in d i c a te  t h a t  th e  a d ja c e n t channe l p r o te c t io n  r a t i o  i s  more s e n s i t i v e  
to  a m o d if ic a t io n  o f  th e  a m p ]itu d e /fre q u e n c y  re sp o n se  a t  th e  r e c e iv in g  
end th a n  a t  th e  t r a n s m i t t in g  end o f  th e  sy stem . From an economic p o in t  
o f  v iew , how ever, i t  may be u n d e s ir a b le  to  im prove r e c e iv e r  s e l e c t i v i t y .  
F u r th e r  s tu d ie s  a r e ,  th e r e f o r e ,  n e c e ssa ry  b e fo re  a  f i n a l  d e c is io n  can 
be made.
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Radio-frequency protection ratio relative to co-channel value (dB)

Figure 1 
Use o f  the frequency spectrum
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b (kHz)

FIGURE 2

C h a r a c te r i s t i c s  o f  an am p litu d e -m o d u la tio n  sound 

b ro a d c a s tin g  system  f o r  optimum q u a l i ty  o f  r e p ro d u c tio n

B asic  assum ptions :

Channel sp ac in g  : 8 kHz
R e la tiv e  a d ja c e n t channel p r o te c t io n  r a t i o  : -2 0  dB

- : C h a r a c te r i s t i c s  in c lu d in g  th e  e f f e c t  o f  a n o tc h  f i l t e r
f o r  e l im in a tio n  o f  th e  c a r r i e r  b e a t

- : C h a r a c te r i s t i c s  w ith o u t n o tc h  f i l t e r
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FIGURE 3

O v e ra ll a m p litu d e /fre q u e n c y  re sp o n se  f o r  an am p litu d e -m o d u la tio n  

sound b ro a d c a s t in g  system  f o r  optimum q u a l i ty  o f  re p ro d u c t io n

Curve A : o v e r a l l  r a t e  o f  c u t - o f f  f o r  system  -  120 dB p e r  o c ta v e

Curve B : o v e r a l l  r a t e  o f  c u t - o f f  f o r  system  -  80 dB p er o c ta v e .

Curve C : o v e r a l l  r a t e  o f  c u t - o f f  f o r  system  -  40 dB p e r  o c tav e
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SOUND BROADCASTING IN BANDS 3 (L F ), 6 (MF) AND 7 (HF)

(Q u estio n  25 /10)

(1970 -  197*0

1. I n tro d u c t io n

Q uestion  25/10  r e l a t e s  to  th e  p o s s i b i l i t y  o f  s ta n d a rd iz in g  one 
o r more sound b ro a d c a s tin g  system s on a  w orld—wide b a s i s .  I t  i s  c l e a r  
t h a t  th e  s tu d y  o f  t h i s  complex q u e s tio n  i s  n o t s u f f i c i e n t l y  advanced to  
ach iev e  t h i s  aim . The p re s e n t  R ep o rt, t h e r e f o r e ,  i s  o n ly  a  summary o f  
th e  in fo rm a tio n  a v a i l a b l e ,  in te n d e d  to  encourage a d m in is t r a t io n s ,  
b ro a d c a s tin g  o rg a n iz a tio n s  and in d u s try  to  ta k e  an i n t e r e s t  in  th e s e  
q u e s tio n s  and to  u n d e rta k e  th e  s tu d ie s  n e c e ssa ry  to  so lv e  them .

At p r e s e n t ,  b ro a d c a s ts  in  bands 5* 6 and 7* u n lik e  sound and 
t e l e v i s i o n  b ro a d c a s tin g  in  band 8 (VHF), a re  o p e ra te d  th ro u g h o u t th e  
w orld  w ith  an alm ost com plete absence o f  in t e r n a t i o n a l l y  s ta n d a rd iz e d  
tra n s m is s io n  c h a r a c t e r i s t i c s ,  w ith  th e  e x c e p tio n  o f  ch an n e l sp ac in g s  
and c a r r i e r  f re q u e n c ie s  fo r  bands 5 and 6 , b u t even th e s e  d i f f e r  from 
re g io n  to  re g io n .  The o th e r  tra n s m is s io n  c h a r a c t e r i s t i c s  v a ry  from 
co u n try  to  co u n try  and in  many cases  even from t r a n s m i t t e r  to  t r a n s m i t t e r  
/" E .B .U .,  1971_ /.

2. Systems a v a i la b le  fo r  s ta n d a rd iz a t io n

The fo llo w in g  l i s t  o f  p o s s ib le  system s c a n n o t, a t  th e  p re s e n t  
tim e^  be co n s id e re d  as com ple te . S e v e ra l o f  th e s e  system s a re  compared 
in  /  H av ilan d , 1969  / •  T h is  s tu d y  a l s o  shows t h a t  in te r f e r e n c e  betw een 
t r a n s m i t t e r s  must be c o n s id e re d  when d e f in in g  a system  and th e  im portance 
o f  w e ll-d e f in e d  channe l sp ac in g s  becomes a p p a re n t.

REPORT 4 3 8 - 1 *

* Adopted unanim ously
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1
Modulation Detection Code

Amplitude-modulation, 
double-sideband

Envelope detection AM-DSB-ENV

Amplitude-modulation, 
double-sideband

Synchronous detection AM-DSB-SYNC

Compatible single-sideband 
amplitude-modulation

Envelope detection CSSB

Single-sideband
amplitude-modulation

Synchronous detection SSB-SYNC

Frequency modulation 
(narrow band)

FM

Each o f  th e  above system s may in c o rp o ra te  m odu la tion  p ro c e s s in g  
d e v ic e s  (s e e  N o te ) . I f  such  a  d e v ic e  i s  n e c e ssa ry  in  th e  r e c e iv e r  t o  
o b ta in  f u l l  ad v an tag e  o f  a  s im i la r  d e v ic e  in  th e  t r a n s m i t t e r ,  th e  code 
sh o u ld  be com pleted  by a s u i t a b le  a b b re v ia t io n .  T hus, an a m p litu d e -  
m o d u la tio n  d o u b le -s id e b a n d  system  w ith  envelope dem odu lation  com prising  
a com pressor in  th e  t r a n s m i t t e r  and an expander in  th e  r e c e iv e r ,  i s  coded 
AM-DSB-ENV-COMPANDOR. An example i s  g iv en  in  Annex I .

N o te . -  By "m odu la tion  p ro c e s s in g "  i s  u n d e rs to o d  any p ro c e ss  c o n s is t in g  in  
a l t e r i n g  c e r t a in  c h a r a c t e r i s t i c s  o f  th e  m o d u la tio n , such  as  th e  dynamic 
r a n g e , a u d io -fre q u e n c y  ban d w id th , e t c .

D e s c r ip t io n s  o f  a m p litu d e -m o d u la tio n , d o u b le -s id e b a n d  system s 
w ith  synchronous d e te c t io n  ap p ea r in  /  N etzband , 1969  /  an(i  
/  C .C .I .R . ,  1966 - 1969_ / and i t  shou ld  be n o te d  t h a t  o n ly  th e s e  system s 
can se rv e  as  t r a n s i t i o n  system s from  a m p litu d e -m o d u la tio n  d o u b le -s id e b a n d  
system s w ith  envelope d e te c t io n  to  s in g le - s id e b a n d  system s w ith  synchronous 
d e t e c t io n .  R e c e iv e rs  b ased  on synchronous d e te c t io n  would p roduce 
u n d is to r t e d  a u d io -fre q u e n c y  s ig n a ls  f o r  b o th , th e  above system s ( " r e c e iv e r  
c o m p a t ib i l i ty " ) .

3. C h a r a c te r i s t i c s  t o  be s p e c i f i e d

For th e  system s m entioned  in  § 2 ,  th e  c h a r a c t e r i s t i c s  whose 
s ta n d a r d iz a t io n  w i l l  be r e q u ir e d  a re  g iven  below . T h is  l i s t  i s  no t 
n e c e s s a r i ly  com ple te .
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3 .1  A ll  system s

-  'ch an n e l sp a c in g ,

-  c a r r i e r  f r e q u e n c ie s ,

-  in te rm e d ia te  freq u en cy  o r f r e q u e n c ie s ,

-  r e c e iv e r  o s c i l l a t o r  freq u en cy  s t a b i l i t y .

Note 1 . -  The r e l a t io n s h ip  betw een th e s e  c h a r a c t e r i s t i c s  i s  shown in  
Annex I I .

-  au d io -fre q u e n c y  bandw idth o f  th e  programme,

-  n e c e ssa ry  bandw idth  o f  em iss io n ,

-  o v e r a l l  bandw idth o f  th e  r e c e iv e r .

Note 2 . -  For th e  r e l a t io n s h ip  between th e s e  c h a r a c t e r i s t i c s  and th e  
channe l sp a c in g , see  R eport 1+57~1. D e v ia tio n s  from s ta n d a rd iz e d  v a lu e s  
may be t o l e r a t e d ,  i f  th e y  do no t r e s u l t  in  u n a c c e p ta b le  in te r f e r e n c e .

-  c h a r a c t e r i s t i c s  o f  m odu la tion  p ro c e s s in g  d e v ic e s .

In  a d d i t io n ,  th e  fo llo w in g  c h a r a c t e r i s t i c s  shou ld  be s ta n d a rd iz e d .

3 .2  A m plitude-m odulation  d o u b le -s id eb an d  system s

-  maximum d ep th  o f  m o d u la tio n .

When la y in g  down th e  c h a r a c t e r i s t i c s  o f  th e  tr a n s m is s io n  system  
and th e  r e fe re n c e  r e c e iv e r * ,  th e  fo llo w in g  r u le s  shou ld  be ta k e n  in to  
accoun t :

3 .2 .1  The tra n s m is s io n  system  and r e c e iv e r  c h a r a c t e r i s t i c ,  sh o u ld  be 
s u i ta b ly  r e l a t e d ,  p a r t i c u l a r l y  in  th e  a m p litu d e /fre q u e n c y  re s p o n s e . 
Harmonic d i s t o r t i o n  shou ld  be reduced  to  a c c e p ta b le  v a lu e s .  In  t h i s  
r e s p e c t ,  c r i t e r i a  f o r  th e  d e te rm in a tio n  o f  to le r a n c e s  fo r  th e  o v e r a l l  
am p litu d e  and phase c h a r a c t e r i s t i c s  and ways f o r  th e  assessm en t o f  
p r a c t i c a l  v a lu e s  a r e _ s e t  ou t and d is c u s s e d  by M akiedonski
/  M akiedonski, 1 9 7 ^_ /.

3 .2 .2  The a u d io -fre q u e n c y  bandw idth  t r a n s m it te d  shou ld  be r e l a t e d  to  
th e  c a r r i e r  sp a c in g .* *  (The p r e c i s e  bandw idth  canno t be g iv e n ; some 
a d m in is tr a t io n s  a re  o f  th e  o p in io n  th a t  i t  sho u ld  be one h a l f  o f  th e

* T h is  i s  t o  o b ta in  th e  b e s t  a d a p ta tio n  o f  a freq u en cy -a ss ig n m en t 
p la n  to  r e c e iv e r s  o f  re a s o n a b le  p erfo rm ance .

** See R eport
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sp a c in g  betw een c a r r i e r s ,  and some o f  them b e l ie v e  t h a t  t h i s  v a lu e  
may even a c h ie v e  th e  v a lu e  o f  u n i ty ;  b u t t h i s  depends on th e  a b s o lu te  
ch an n e l sp a c in g .

3 .2 .3  Uniform  c a r r i e r  s p a c in g s , w ith  nom inal c a r r i e r  f re q u e n c ie s  b e in g  
an i n t e g r a l  m u l t ip le  o f  th e  c a r r i e r  s p a c in g , sho u ld  be ad op ted  a t  
l e a s t  w ith in  th e  b ro a d c a s t in g  bands 5 and 6 . (There a re  te c h n ic a l  
advan tag es  a lso  in  th e  ad o p tio n  o f  u n ifo rm  c a r r i e r  sp ac in g  on a  
w orld -w ide b a s i s ,  in c lu d in g  band 7 «)

3 * 2 . k The in te rm e d ia te  f re q u e n c y , o r  f r e q u e n c ie s ,  o f  th e  r e c e iv e r  
sh o u ld  be an i n t e g r a l  m u l t ip le  o f  th e  c a r r i e r  sp a c in g .

3 .3  S in g le -s id e b a n d  system s w ith  synchronous d e te c t io n

-  deg ree  o f  re d u c tio n *  o f  th e  c a r r i e r  wave, 

d eg ree  o f  su p p re s s io n  o f  th e  unw anted s id e b a n d ,

-  maximum p e rm is s ib le  v a lu e s  o f  in te rm o d u la tio n  p ro d u c ts ,

-  a u x i l i a r y  s ig n a ls  t o  o b ta in  r e c e iv e r  s y n c h ro n iz a tio n .

Note 3 . ~ Some in fo rm a tio n  on a  ran g e  o f  s u i ta b le  v a lu e s  f o r  th e  d eg ree  
o f  c a r r i e r  r e d u c t io n  and on an a c c e p ta b le  l e v e l  o f  in te rm o d u la tio n  p ro d u c ts  
i s  c o n ta in e d  in  Annex I I I  ( s e e  a l s o  Doc. 10 /1^  (F e d e ra l R epub lic  o f  
Germ any), 1970-197^ )•

Note_J+.- In  s in g le - s id e b a n d  su p p re sse d  c a r r i e r  sy s tem s , th e  p r e c i s io n  o f  
th e  l o c a l l y  r e - i n s e r t e d  c a r r i e r  i s  im p o rtan t f o r  th e  r e c e p t io n  q u a l i ty .  
Com prehensive s u b je c t iv e  l i s t e n i n g  t e s t s  have shown /  T h ie s se n , 1973 /  
t h a t  th e  e f f e c t s  o f  n o n - l in e a r  d i s t o r t i o n  and in a c c u ra c y  o f  th e  r e - i n s e r t e d  
c a r r i e r  superim pose and can be d e s c r ib e d  by :

AQ = (k2/10%)2 + (k I6i)2 + (Af/12 Hz)2

where AQ : impairment of quality on the basis of a 6-grade scale,

k^, : distortion factors of the 2nd and 3rd harmonics,

Af : freq u en cy  e r r o r ,  (H z), o f  th e  r e - i n s e r t e d  c a r r i e r .

A maximum value AQmax = 0*25 appeared to be just tolerable.
V alues o f  k2 = 2 .9 % 9 k^ = 1.1% and Af = 3 .5  Hz would j o i n t l y  be a d m is s ib le  
i f  th e  d is tu r b in g  e f f e c t s  a re  assumed to  be ev en ly  d i s t r i b u t e d .

* See Recommendation 3 2 6 -2 , § 1 .5 .
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The c o n s id e ra t io n s  under § 3 .2  would a p p ly , and where p o s s ib le  
th e  same c h a r a c t e r i s t i c s  sho u ld  be ado p ted . In  a d d i t io n ,  accoun t shou ld  
be ta k e n  o f  th e  fo llo w in g  r u le s  :

3 .3 .1  The su p p re s s io n  o f  th e  same sid eb an d  (upper o r low er) would have 
to  be adop ted  w ith in  each  b ro a d c a s tin g  band. The p re s e n t  s t a t e  o f  
r e s e a r c h  in d ic a te s  t h a t  in  th e  te ch n o lo g y  o f  in te rm e d ia te - f re q u e n c y  
and a u d io -fre q u e n c y  f i l t e r s  su p p re ss io n  o f  th e  low er s id eb an d  i s  
p r e f e r a b le .  I t  i s  th e r e f o r e  su g g es ted  th a t  f o r  b ro a d c a s t in g  in  
bands 5 and 6 th e  upper s ideband  shou ld  c o n ta in  th e  f u l l  a u d io ­
freq u en cy  m o d u la tio n .

3 .3 .2  The d eg ree  o f  c a r r i e r  re d u c t io n  shou ld  n o t exceed 12 dB.

3 .3 .3  Agreement would be r e q u ire d  on w hether one s ideband  sh o u ld  be 
t o t a l l y  su p p ressed  o r  w hether th e r e  shou ld  be a  form  o f  v e s t i g i a l -  
s id eb an d  tra n s m is s io n  acc o rd in g  to  a f ix e d  a m p litu d e /fre q u e n c y  re sp o n s e .

3 .3 .^  The aud io -bandw id th  t r a n s m it te d  shou ld  be r e l a t e d  t o  th e  c a r r i e r  
sp a c in g . (The p r e c i s e  bandw idth  canno t be g iv e n , th e  f r a c t i o n  o f  th e  
channe l sp a c in g  m ight w e ll approach  u n i ty ) .

3.U Frequency  m odu lation

-  m odu la tion  in d e x ,

-  maximum m odu la tion  freq u en cy .

3 .5  C om patible s in g le - s id e b a n d  system s

-  maximum d ep th  o f  m o d u la tio n ,

-  d eg ree  o f  su p p re ss io n  o f  th e  unwanted s id e b a n d ,

-  maximum p e rm is s ib le  v a lu e s  o f  in te rm o d u la tio n  p ro d u c ts .

1+. T r a n s i t io n  p e r io d

In  o rd e r  to  ach iev e  a  smooth t r a n s i t i o n  from  d o u b le -s id e b a n d  to  
s in g le - s id e b a n d  b ro a d c a s t in g , any s in g le - s id e b a n d  system  as  s p e c i f i e d  in  
§ 3 .3  shou ld  en ab le  th e  s a t i s f a c t o r y  r e c e p t io n  o f  a  d o u b le -s id e b a n d  s ig n a l  
as s p e c i f ie d  in  § 3 . 2 .
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ANNEX I

' THE USE OF VARIOUS MODULATION PROCESSING DEVICES

In  th e  O .I .R .T . ,  s tu d ie s  have been made on th e  p o s s i b i l i t i e s  o f  
in c re a s in g  th e  m odu lation  f a c t o r ,  i . e .  th e  s ideband  pow er, by e i t h e r  
t r a p e z o id a l  m odu lation  o r  dynam ic-com pression o p e ra t io n  w ith _ t r a n s m it te r s  
o p e ra t in g  in  bands 6 (MF) and 7 (HF) /  C .C .I .R . ,  1 9 7 0 -1 9 7 ^a_ /• The r e s u l t s  
w ere , t h a t  dynamic com pression  w ith o u t c l ip p in g  shou ld  be p r e f e r r e d ,  i f  
th e  o b je c t iv e  i s  to  in c re a s e  th e  s ideband  power w ith  a minimum lo s s  o f  
q u a l i ty  ( e .g .  f o r  m usic program m es). On th e  o th e r  h an d , i f  a lo s s  o f  
q u a l i ty  i s  deemed u n im p o rtan t ( e . g . ,  f o r  speech  program m es), t r a p e z o id a l  
m odu la tion  le a d s  to  a h ig h e r  d eg ree  o f  sideband  pow er.

E xperim ents c a r r ie d  ou t in  th e  RFZ, B e r l in ,  have confirm ed  th e  
assumed in c re a s e  o f  th e  sid eb an d  power a s  fo llo w s :

-  Com pression o f  th e  dynamic range  by 12 dB :

average g a in  w ith  a r i s e - t im e  o f  0 .5  ms and a  d ecay -tim e
o f  35 ms : «* 6 dB.

-  Compression o f  th e  dynamic range  by 6 dB :

average  g a in  w ith  a lo n g  d e c l in e  p e r io d  ( 1 .5  s )  f o r
programmes w ith  a  v id e  dynamic ran g e  : ft* 3 dB.

-  T ra p e z o id a l m odu lation  :

average  g a in  w ith  5 <1B in c re a s e  in  th e  l e v e l  o f  th e
a u d io -fre q u e n c y  s ig n a l  and c l ip p in g  : a  3 dB.

S tu d ie s  have been c a r r ie d  o u t in  Sweden co n ce rn in g  th e  
im provement in  ra d io - f re q u e n c y  w a n te d - to - in te r f e r in g  s ig n a l  r a t i o  o b ta in e d  
by u s in g  au d io -fre q u en cy  com pression and expansion  in  co n n ec tio n  w ith  a 
d o u b le -s id eb an d  am p litu d e -m o d u la tio n  system  and a freq u en cy  m odu la tio n  
system  w ith  a maximum d e v ia t io n  o f  +_ 5 kHz /  C .C .I .R . ,  1966-1969_ /.

The au d io -fre q u en cy  ran g e  was from 1*0 to  5 000 Hz.

• The com pressor reduced  th e  dynamic ran g e  o f  th e  au d io -fre q u e n c y  
s ig n a l ,  ex p re ssed  in  d e c ib e l s ,  to  h a l f  i t s  v a lu e ,  th e  t im e -c o n s ta n ts  were 
2 ms fo r  th e  r i s e - t im e  and 20 ms f o r  th e  d ec a y -tim e . The expander had 
c h a r a c t e r i s t i c s  r e c ip r o c a l  to  th o se  o f  th e  com presso r.
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The t e s t  r e s u l t s  can he summarized as  fo llo w s  :

In  th e  absence o f  i n t e r f e r e n c e ,  no change in  q u a l i ty  was 
observ ed  when u s in g  b o th  com pressor and expander in  th e  system . The 
q u a l i ty  was a l s o  judged  to  be s a t i s f a c t o r y  by l i s t e n i n g  when o n ly  th e  
com pressor was u sed .

In  th e  p re se n c e  o f  co -ch a n n e l in t e r f e r e n c e ,  th e  ra d io - f re q u e n c y  
p r o te c t io n  r a t i o s  (dB) w ere found to  be as fo llo w s  :

Type o f  m odu la tio n  
A m plitude Frequency

-  w ith o u t com pressor and expander Uo-5 0  1+0- 1+5

-  w ith  com pressor o n ly  30-1+0 30-1+0

-  w ith  com pressor and expander 20-25  25 -30

I t  sh o u ld  be n o te d  th a t  th e s e  v a lu e s  were o b ta in e d  when th e
unw anted t r a n s m i t t e r  was n o t equipped  w ith  a  com presso r.

In  a  more e x te n s iv e  s tu d y  co v e rin g  d o u b le -s id e b a n d  a m p litu d e -  
m o d u la tio n  o n ly ,  th e  e f f e c t  o f  com pression  and expansion  on th e  r a d io ­
freq u en cy  p r o te c t io n  r a t i o  was in v e s t ig a te d  when th e  unw anted t r a n s m i t t e r  
was a ls o  equ ipped  w ith  a  com pressor /  C .C .I .R . ,  1970-197^b / .  The s tu d y  
was made w ith  d i f f e r e n t  ty p e s  o f  programme t r a n s m i t te d  by b o th  th e  w anted 
and th e  unw anted t r a n s m i t t e r s .

When a speech  programme was in t e r f e r e d  w ith  by a n o th e r  speech  
programm e, th e  r e d u c t io n  o f  th e  ra d io - f re q u e n c y  p r o te c t io n  r a t i o  was abou t 
15 dB when u s in g  com pression  and ex p an sio n . No d e t e r io r a t i o n  in  
re p ro d u c t io n  q u a l i ty  has been r e p o r te d .  When o n ly  com pression  was a p p lie d  
th e r e  was a s m a lle r  r e d u c t io n  in  p r o te c t io n  r a t i o  o f  abo u t 10 dB; in  t h i s  
c a s e ,  th e  q u a l i ty  o f  th e  rep ro d u ced  sound was c o n s id e re d  low er th a n  
a c c e p ta b le  and s i g n i f i c a n t l y  w orse th a n  when no com pression  was a p p l ie d .

When a m usic programme was d is tu rb e d  by e i t h e r  m usic o r  sp e e c h , 
th e  r e s u l t  depended t o  a  g r e a t  e x te n t  on th e  c h a r a c te r  o f  th e  w anted 
programme. The ad v an tag e  o b ta in e d  w ith  com pression  p lu s  expansion  o r 
w ith  com pression  on ly  was alw ays sm a lle r  th a n  when th e  w anted programme 
was sp e e c h , and som etim es even n e g l ig ib l e .
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ANNEX II

CHANNEL SPACING, PROTECTION RATIO AND INTERMEDIATE FREQUENCY

When choosing  th e  c a r r i e r  f r e q u e n c ie s ,  ch an n e l sp ac in g  and a l s o  
th e  in te rm e d ia te  f re q u e n c ie s  t o  be used  in  r e c e iv e r s ,  i t  i s  im p o rtan t t h a t  
th e y  shou ld  be chosen to  m inim ize in te r f e r e n c e  from

-  th e  l o c a l  o s c i l l a t o r s  o f  th e  r e c e iv e r s  in  u se  o r  o f  nearby
r e c e iv e r s ,  e i t h e r  by th e  fundam ental o r  a harm onic freq u en cy ;

-  harm onics o f  a  tr a n s m itte d _ f re q u e n c y , o r o th e r  p o s s ib le
in te rm o d u la tio n  p ro d u c ts  /  C .C .I .R . ,  I 963- I 9 6 6 ; SCART, 1 9 6 6 ; 
C .C .I .R . ,  1970-197 W .

I f  b o th  th e  c a r r i e r  f re q u e n c ie s  and th e  in te rm e d ia te  freq u en cy  
a re  an i n t e g r a l  m u l t ip le  o f  th e  c a r r i e r  s p a c in g , th e n  a l l  i n t e r f e r i n g  
p ro d u c ts  w i l l  a ls o  be i n t e g r a l  m u l t ip le s  o f  th e  c a r r i e r  sp a c in g . 
T h e o r e t ic a l ly ,  t h e r e f o r e ,  maximum p r o te c t io n  co u ld  th e n  be o b ta in e d  because 
th e  freq u en cy  d if f e r e n c e  betw een any in t e r f e r i n g  s ig n a l  o f  t h i s  k in d  and 
th e  w anted c a r r i e r  freq u en cy  would be ze ro  o r  a m u lt ip le  o f  th e  ch an n e l 
sp a c in g .

I f  th e s e  re q u ire m e n ts  a r e  to  be met in  a  p a r t i c u l a r  b ro a d c a s t in g  
band i t  would be e s s e n t i a l  f o r  th e  ch an n e l sp ac in g  to  be un ifo rm  th ro u g h o u t 
th e  band . I t  would be more a d v an tag eo u s , m oreover, i f  t h i s  c o n d itio n  co u ld  
be met in  b o th  bands 5 and 6 o r  b e t t e r  s t i l l  th ro u g h o u t bands 5 , 6 and 7 .
On th e  o th e r  h and , t h i s  c o n d itio n  sho u ld  be s a t i s f i e d  on a  w orld -w ide s c a le  
o r  a t  l e a s t  in  th o s e  a r e a s ,  where a  s in g le  freq u en cy  ass ignm en t p la n  e x i s t s  
o r  w i l l  be e s ta b l i s h e d  /  Eden, 1 967_ /.

However, i t  must be n o ted  t h a t  th e  d is tu rb a n c e  caused  by an 
i n t e r f e r i n g  s ig n a l  in c re a s e s  r a p id ly  as i t s  freq u en cy  d i f f e r e n c e  from th e  
w anted s ig n a l  in c re a s e s  from z e ro .

Under p re s e n t-d a y  c o n d itio n s  th e  freq u en cy  d i f f e r e n c e s  m ight 
have any p o s s ib le  v a lu e  and t h i s  may r e q u i r e  an a d d i t io n a l  p r o te c t io n  
r a t i o  o f  up to  17*5 dB. W ith th e  a d o p tio n  o f  th e  p roposed  a rran g em en t, 
th e  maximum freq u en cy  d if f e r e n c e  would depend on th e  acc u racy  w ith  which 
th e  lo c a l  o s c i l l a t o r  freq u en cy  and th e  c e n t r e  freq u en cy  o f  in t e r m e d ia te -  
freq u en cy  p a ss -b a n d  can be c o n t ro l le d .  To a c h ie v e  an im provement c lo se  
t o  th e  maximum p o s s ib le  i t  would be n e c e ssa ry  to  a c h ie v e  s t a b i l i t i e s  o f  
th e  o rd e r  o f  100 Hz. As f a r  as  th e  in te rm e d ia te - f re q u e n c y  s t a b i l i t y  i s  
concerned  t h i s  co u ld  be a ch iev ed  by u s in g  ceram ic o r  m ech an ica l f i l t e r s  
r a th e r  th a n  u s in g  c o n v e n tio n a l in te rm e d ia te - f re q u e n c y  c o i l s .  The c o n t ro l
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of the initial tuning operation and the frequency drift of the local 
oscillator may require special techniques in which automatic frequency 
control may he required. The adoption of the proposal would, therefore, 
give little improvement in the short term, with existing receivers, hut 
would offer the chance of substantial improvement in the future without 
any disadvantages under present-day conditions.
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ANNEX I I I

CARRIER REDUCTION AND ACCEPTABLE INTERMODULATION LEVEL 

FOR SINGLE-SIDEBAND BROADCASTING TRANSMITTERS

In  th e  ev en t o f  th e  in t r o d u c t io n  o f  th e  s in g le - s id e b a n d  
te c h n iq u e  fo r  am p litu d e -m o d u la tio n  b ro a d c a s t in g ,  i t  would seem d e s i r a b le  
to  u se  th e  d e f in i t i o n s  e x i s t in g  in  Recommendation 326-2 .

A ccord ing  to  t h i s  Recommendation, th e  c a r r i e r  component i s  
d e f in e d  in  r e l a t i o n  to  th e  peak  envelope power P^ o f  th e  em issio n .

The peak envelope power P o f  a  r a d io  t r a n s m i t t e r  i s  r a te d  by 
th e  a c c e p ta b le  in te rm o d u la tio n  l e v e l  D^.

For s in g le - s id e b a n d  b ro a d c a s t in g  t r a n s m i t t e r s ,  th e  a c c e p ta b le  
in te rm o d u la tio n  l e v e l  Dn which d e te rm in e s  th e  non7 l i n e a r  d i s t o r t i o n  
( q u a l i ty )  and th e  o u t-o f -b a n d  r a d ia t io n  (a d ja c e n t  ch an n e l in te r f e r e n c e )  
has n o t y e t  been e s ta b l i s h e d .

S in ce  sm a ll n o n - l in e a r  d i s t o r t i o n  and a d ja c e n t channe l in t e r f e r e n c e  
a re  r e q u i r e d ,  th e  a c c e p ta b le  in te rm o d u la tio n  l e v e l  D w i l l  be p ro b ab ly  n o t 
l e s s  th a n  38 dB.

The s id eb an d  power Ps o f  a t r a n s m i t t e r  depends on th e  peak 
envelope power Pp and th e  chosen c a r r i e r  s u p p re s s io n , " a ” .

For a s in g le - s id e b a n d  b ro a d c a s t in g  t r a n s m i t t e r ,  th e  most 
a p p ro p r ia te  v a lu e  o f  "a"  w i l l  depend m ain ly  on th e  c a r r i e r  re c o v e ry  
re q u ire m e n ts  in  th e  cheap s in g le - s id e b a n d  r e c e iv e r .  To be a b le  to  produce 
th e  r e f e r e n c e  c a r r i e r  f o r  th e  p ro d u c t dem odulato r a t  an a c c e p ta b le  c o s t ,  
c a r r i e r  r e d u c t io n  must be r e s t r i c t e d  to  betw een abou t 6 and 12 dB, a t  
th e  t r a n s m i t t e r .

F ig . 1 shows th e  r e l a t i o n  betw een th e  s id eb an d  power Ps and th e  
c a r r i e r  r e d u c t io n ,  " a " ,  fo r  a  g iv en  peak envelope power o f  th e  t r a n s m i t t e r .  
The in d ic a t io n  ( l )  d en o tes  th e  v a lu e s  fo r  m o du la tion  by a  s in u s o id a l  
s ig n a l  and th e  in d ic a t io n  ( 2 ) d en o te s  th e  v a lu e s  f o r  n o is e  o r  programme 
m o d u la tio n . The v a lu e s  o f  th e  v o lta g e s  U and th e  powers P a re  g iv en  as 
p e rc e n ta g e s  r e l a t e d  to  t h e i r  peak envelope v a lu e s .  W ith programme 
m o d u la tio n  and a  c a r r i e r  su p p re s s io n  o f  more th a n  30 dB, th e  s id eb an d
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power Ps (2 ) w i l l  be about 10# o f  Pp. A t r a n s m i t t e r  o p e ra t in g  w ith  
a  c a r r i e r  r e d u c t io n  o f  6 dB c a n , when m odulated  w ith  a  programme s ig n a l ,  
o n ly  r a d i a t e  a  s id eb an d  power Ps (2 ) o f  abo u t 2 .5 #  o f  i t s  nom inal peak 
envelope power.

For th e  c a lc u la t io n  o f  Ps (2 ) i t  has been assumed t h a t  th e  r a t i o  
o f  th e  mean power to  th e  peak, envelope power i s  0 .1 .  (See 
Recommendation 3 2 6 -2 , T able I ,  c l a s s  o f  em issio n  A 3 J .)



p 
- 

lo
ot

 -
 P

FI
GU

RE
 1

U U 
(1) s

U 
(2

)

pe
ak

 p
ow

er
 o

f 
th

e 
tr

an
sm

it
te

r 
(d

ef
in

ed
 b

y 
m

ea
ns

 
o

f 
th

e 
ac

ce
p

ta
b

le
 i

n
te

rm
o

du
la

ti
o

n 
le

v
el

 I
>n

)«

c
a

rr
ie

r 
v

o
lt

ag
e 

(r
m

s 
v

al
u

e)
.

si
de

ba
nd

 v
o

lt
ag

e 
fo

r 
m

od
ul

at
io

n 
w

it
h 

a 
si

n
u

so
id

al
 

si
g

n
al

 
(r

m
s 

v
al

u
e)

.

si
de

ba
nd

 v
o

lt
ag

e 
fo

r 
pr

og
ra

m
m

e 
o

r 
n

oi
se

 
m

od
ul

at
io

n 
(r

m
s 

v
al

u
e)

.

p 
(i

)

P
s

(2
)

V
1*

P 
(2

)
m

: 
si

de
ba

nd
 p

ow
er

 f
o

r 
m

od
ul

at
io

n 
by

 a
 s

in
u

so
id

al
si

g
n

al
.

: 
si

de
ba

nd
 p

ow
er

 f
o

r 
pr

og
ra

m
m

e 
or

 n
o

is
e 

m
od

ul
at

io
n,

: 
tr

an
sm

it
te

r 
m

ea
n 

po
w

er
 f

o
r 

m
od

ul
at

io
n 

by
 a

si
n

u
so

id
al

 
si

g
n

al
.

: 
tr

an
sm

it
te

r 
m

ea
n 

po
w

er
 f

o
r 

pr
og

ra
m

m
e 

or
 n

oi
se

m
od

ul
at

io
n.

c
a

rr
ie

r 
po

w
er

.

102



-  103 -  

REPORT 1+59-1*

RADIO-FREQUENCY PROTECTION RATIO FOR SYNCHRONIZED

BROADCASTING TRANSMITTERS 

(S tudy Programme 25A -1/10)

(1970 -  197*0

I t  i s  a  w ell-know n f a c t  t h a t  th e  ra d io - f re q u e n c y  p r o te c t io n  
r a t i o s  f o r  t r a n s m i t t e r s  w orking in  th e  same channe l can he im proved 
c o n s id e ra b ly  by sy n ch ro n iz in g  te c h n iq u e s ,  th e re b y  in c re a s in g  th e  e f f e c t iv e  
s e rv ic e  a re a s  o f  th e s e  t r a n s m i t t e r s  (s e e  a lso  R eport 6 l6 ) .  A c tu a l v a lu e s  
f o r  th e s e  p r o te c t io n  r a t i o s  depend on v a r io u s  f a c t o r s ,  in c lu d in g  th e  
sy n c h ro n iz a tio n  m ethod. For freq u en cy  p la n n in g  pu rp o ses  i t  i s  d e s i r a b le  
to  have a v a i la b le  i n t e r n a t i o n a l l y  ag reed  ra d io -f re q u e n c y  p r o te c t io n  r a t i o s .  
For th e  A fr ic a n  B ro ad ca s tin g  A rea a  v a lu e  o f  8 dB was l a i d  down a t  th e  
A fr ic a n  LF/MF B ro ad ca stin g  C onference /  I .T .U . ,

The fo llo w in g  s e c t io n s  sup p ly  in fo rm a tio n  concern ing  o th e r  re g io n s  
on p r o te c t io n  r a t i o s  and a s s o c ia te d  m a t te r s .

1 . I n v e s t ig a t io n s  c a r r ie d  o u t in  th e  U .S .S .R . /  C .C .I .R .,  1966-1969  /

These in v e s t ig a t io n s  have been c a r r ie d  o u t to  d e term in e  v a lu e s  
o f  s ig n a l - to - in t e r f e r e n c e  r a t i o  a p p l ic a b le  to  r e c e p t io n  o f  tra n s m is s io n s  
from  sy n ch ro n ized  t r a n s m i t t e r  g roups com prising  two o r th r e e  t r a n s m i t t e r s .  
Both phase  and freq u en cy  methods o f  sy n c h ro n iz a tio n  were c o n s id e re d .

1 .1  E x p lan a tio n  o f  th e  te rm  " ra d io -f re q u e n c y  p r o te c t io n  r a t i o "

The term  " p ro te c t io n  r a t i o "  in  t h i s  c o n te x t means th e  r a t i o  o f  
th e  f i e l d  s t r e n g th  o f  th e  s t r o n g e s t  s ig n a l  from one o f  th e  t r a n s m i t t e r s  
in  th e  sy n ch ro n ized  group to  th e  r e s u l t a n t  f i e l d  s t r e n g th  o f  th e  
rem ain ing  t r a n s m i t t e r s  in  th e  same g roup .

*Adopted unanim ously .
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1,2 Determination of the protection ratio

For the purpose of determining the protection ra tio , use 
was made o f a s ta t is t ic a l  method based on subjective impressions of 
reception quality from a transmitter in  a synchronized group compared 
with reception quality of a single non-synchronized transmitter 
station . Twenty-six experts were employed -  a l l  of whom were 
technical and sc ie n t if ic  broadcasting s ta ff .

Protection ratio values for non-fading signals were 
determined under laboratory conditions and la ter  verified  under 
operational conditions.

For fading signals only operational te s ts  using a 
synchronized network were carried out*

For a l l  these te s ts  the depth of maximum modulation was 90$.

1.5 Results o f investigations

Fig, 1 shows the variations in protection ratio  as a function 
of the phase sh ift  between the carriers of two stations during d a y -tim e  
in  the absence of fading. The parameter used in  these curves i s  the 
percentage of experts who rates the to ta l signal as being at lea st  
sa tisfactory . I t  w ill be seen from this figure that, to sa tis fy  90$ of 
the lis ten er s , the protection ratio  for a network consisting of two 
synchronized stations for reception without fading was 4 <iB.

Fig. 2 shows the variation in protection ratio  as a function 
of the difference in frequency between two synchronized transmitters 
for the percentage of experts who found the reception quality to be 
sa tisfactory . This figure shows that, for non-fading signals with two 
synchronized transmitters and a protection ratio  o f 4 dB, i t  i s  
necessary to have a synchronization accurate to 0.015 to 0.02 Hz, to 
sa tis fy  90$ of lis ten er s . With a frequency difference of 0,1 Hz the 
protection ratio  has to be increased to 6 dB.

Fig. 5 contains sim ilar curves for phase synchronization 
operation of three transm itters. To sa tisfy  90$ of the lis ten ers  
the protection ratio should not be le s s  than 3.1 dB. (The standard
v a lu e  i s  4 dB .)

I t  i s  concluded that when reception i s  affected by fading 
i t  w ill be necessary to increase the protection ratio  to 7 to 8 dB in 
the case of two synchronized transm itters, and to 6 dB in the case of 
three transmitters.
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2 . I n v e s t ig a t io n s  c a r r i e d  o u t v i t h in  th e  E .B .U . /  E .B .U ., 1957 1

S y n ch ro n iz in g  te c h n iq u e s  as developed  up to  1964 (and  in  m ost 
ca se s  s t i l l  in  u se )  in  s e v e r a l  c o u n t r i e s ,  n o ta b ly ,  A u s t r ia ,  F ra n c e ,
F e d e ra l R ep u b lic  o f  Germany, I t a l y ,  N e th e r la n d s , Norway, Sweden,
U n ited  Kingdom, A u s t r a l i a  and th e  U n ited  S ta t e s  o f  A m erica, a re  d e s c r ib e d  
in  /  E .B .U ., 1957J  which c o n ta in s  an e x te n s iv e  b ib l io g ra p h y ,  as w e ll  as a 
su rv ey  over th e  t h e o r e t i c a l  b a s is  o f th e s e  te c h n iq u e s .

3 . I n v e s t ig a t io n s  c a r r i e d  o u t w ith in  th e  O .I .R .T . /  C .C .I .R . ,  1970-1974;
A ugustin  and S c h u lz e , 1973_/

In  th e  O .I .R .T . ,  i t  was xound t h a t  i t  i s  p o s s ib le  to  s im u la te  
a l l  th e  e s s e n t i a l  e f f e c t s  o f  sy n ch ro n ized  o r  n o n -sy n ch ro n ized  common channe l 
system s (same programme) in  p r a c t ic e  by a m odel. Such a m odel, a  b lo c k  
diagram  o f  which i s  shown in  F ig . 4 , was developed  by th e  Rundfunk- und 
F e rn se h te c h n isc h e s  Z en tra la m t o f  th e  D eutsche P o s t ,  B e r l in .  T hat model 
o f f e r s  b o th  econom ical and o p e ra t io n a l  a d v a n ta g e s , when c a r ry in g  o u t s tu d ie s  
on r e c e p t io n  problem s in  th e  a r e a ,  w here th e  ground waves o f  sy n ch ro n ize d  
t r a n s m i t t e r s  i n t e r f e r e ;  i . e .  w ith o u t ta k in g  in to  accoun t io n o sp h e r ic  fa d in g  
e f f e c t s .

When u s in g  th e  above-m entioned  model sy stem , i t  i s  p o s s ib le  to  
s tu d y  sy n ch ro n ized  o r  n o n -sy n ch ro n ized  common channe l system s in  th e  
la b o ra to r y .  In  p a r t i c u l a r ,  i t  has been found t h a t  th e  fo llo w in g  m easures 
a re  s u i t a b le  /  A ugustin  and S c h u lz e , 1 973_ /. I f  th e  c a r r i e r  f re q u e n c ie s  
d i f f e r  on ly  abou t 0 .1  Hz and i f  th e  d e la y  tim es  o f  th e  sound s ig n a ls  betw een 
th e  s tu d io  and th e  t r a n s m i t t e r s  o f  t h i s  system  have been  e q u a l iz e d ,  th e  
fo llo w in g  advan tages th e n  r e s u l t  :

-  d e c re a se  o f  th e  in t e r f e r e n c e  zone to  a lm ost z e ro , and

-  d e c re a se  o f  th e  s e le c t iv e  fa d in g  e f f e c t s ,  so t h a t  on ly  am p litude  
fa d in g  e f f e c t s  s t i l l  rem a in , w hich a re  e n t i r e l y  com pensated by 
th e  au to m atic  g a in  c o n t ro l  o f  th e  r e c e iv e r ,  w ith o u t u n a c c e p ta b le  
d i s t o r t i o n s .

In  c o n c lu s io n , i t  can be s a id  t h a t  th e s e  e f f e c t s  p e rm it a  p r o te c t io n  
r a t i o  o f  0 dB f o r  day -tim e r e c e p t io n .

These t h e o r e t i c a l  r e s u l t s  have been  confirm ed  in  f i e l d  t e s t s  by 
u s in g  two t r a n s m i t t e r s  o f  20 kW o p e ra t in g  in  band 6 (MF) w ith  a  sp ac in g  
o f  abou t 80 km.
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REPORT 1+60-1*

IONOSPHERIC CROSS-MODULATION 

(S tudy Programme 25E -1 /10)

(1970-197U)

The e f f e c t s  o f  io n o s p h e r ic  c ro s s -m o d u la tio n  in  bands 5 (LF) and 
6 (MF) may become a p rob lem  o f  in c re a s in g  s e v e r i t y  as th e  power o f  t r a n s m i t t e r s  
c o n tin u e s  to  in c r e a s e .

D e ta i le d  exp erim en ts  on t h i s  s u b je c t  have been  c a r r i e d  ou t w ith in  
th e  framework o f  E.B .U . in  s e v e r a l  c o u n t r i e s ,  n o ta b ly  in  th e  U n ited  Kingdom 
and in  th e  F e d e ra l R ep u b lic  o f  Germany /  H aberkan t and V ogt, 1 9 6 6 ;
H aberkant e t  a l . , 1971_/ • These experim en ts  w ere c a r r i e d  o u t w ith  c o n v e n tio n a l 
am p litu d e -m o d u la tio n  d o u b le -s id e b a n d  t r a n s m is s io n s .  I t  i s  n o t y e t  p o s s ib le  
to  g iv e  th e  e x a c t and f i n a l  v a lu e s  o f  th e  in te r f e r e n c e  o b se rv ed , b u t th e  
fo llo w in g  r e s u l t s  may b e  deduced from  th e s e  experim en ts  :

1 The p e rc e n ta g e  o f  c ro s s -m o d u la tio n  in c re a s e s  p r a c t i c a l l y  l i n e a r l y  
w ith  th e  power o f  th e  i n t e r f e r i n g  t r a n s m i t t e r  and a ls o  in c re a s e s  w ith  th e  
dep th  o f  m o d u la tio n .

N o te . -  The p e rc e n ta g e  c ro s s -m o d u la tio n  i s  th e  p e rc e n ta g e  by which th e  c a r r i e r  
o f  th e  w anted  t r a n s m i t t e r  i s  m odulated  by th e  m o d u la tin g  fre q u e n c ie s  o f  th e  
i n t e r f e r i n g  t r a n s m i t t e r .

2 The c ro ss -m o d u la tio n  depends p r im a r i ly  on th e  power r a d ia te d  by th e
i n t e r f e r i n g  t r a n s m i t t e r  in  th e  d i r e c t io n  o f  th e  r e f l e c t i o n  p o in t  o f  th e  w anted 
s ig n a l  in  th e  io n o sp h e re .

C ro ss-m o d u la tio n  p e rc e n ta g e s  l e s s  th a n  10 % a re  d i r e c t l y  p ro p o r t io n a l  
to  th e  power /  K n ig h t, 1 9 7 3 _ /; an in c re a s e  o f  3 dB in  th e  i n t e r f e r i n g  
t r a n s m i t t e r  pow er, t h e r e f o r e ,  in c re a s e s  c ro s s -m o d u la tio n  le v e l s  by 6 dB. The 
p e rc e n ta g e  o f  c ro s s -m o d u la tio n  i s  a l s o  d i r e c t l y  p r o p o r t io n a l_ to  th e  dep th  
o f  m o d u la tio n  o f  th e  i n t e r f e r i n g  t r a n s m i t t e r  /  K n ig h t, 1973_ /.

3 The p e rc e n ta g e  o f  c ro s s -m o d u la tio n  d e c re a se s  as th e  m o d u la tin g
freq u en cy  o f  th e  i n t e r f e r i n g  t r a n s m i t t e r  in c r e a s e s .  L ab o ra to ry  experim en ts  
/  Whythe and Reed, 1973_/ have shown t h a t  th e  s u b je c t iv e  e f f e c t  o f  c ro s s ­
m o du la tion  can be r e l a t e d  to  co -ch a n n e l i n t e r f e r e n c e .  To produce a  g iven

* Adopted unanim ously
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s u b je c t iv e  g rade o f  im pairm en t, in te r f e r e n c e  r e s u l t i n g  from  io n o sp h e r ic  
c ro ss -m o d u la tio n  r e q u ir e s  6 dB le s s  in p u t s ig n a l - to - in t e r f e r e n c e  r a t i o  
th a n  does co -ch a n n e l in te r f e r e n c e  p ro v id in g  th a t  th e  c ro s s -m o d u la tio n  i s  
r e f e r r e d  to  a  m odu la tion  freq u en cy  o f  300 Hz.

1.1+ I t  sh o u ld  be n o te d  th a t  s tu d ie s  on th e  problem  o f  io n o s p h e r ic
c ro s s -m o d u la tio n  c a r r i e d  o u t by S tudy Group 6 a re  summarized in  R eport 57^*

2 . F ig^ 1 shows th e  p e rc e n ta g e s  o f  c ro ss -m o d u la tio n  m easured in  many 
ex perim en ts  /  K n ig h t, 1973_ /. Each m easurement has been  s ta n d a rd iz e d  to  th e  
v a lu e  w hich w ould have been  observ ed  i f  th e  i n t e r f e r i n g  tra n s m is s io n  had  been  
r a d ia te d  from a s h o r t  v e r t i c a l  a e r i a l  w ith  a  c a r r i e r  power o f  100 kW and 
am p litude"m odu la ted  a t  300 Hz to  a  dep th  o f  80 %.

F ig . 1 in c lu d e s  a s e m i-e m p ir ic a l cu rve  which shows th e  g r e a t e s t  
p e rc e n ta g e  c ro s s -m o d u la tio n , av erag ed  o v er a  s h o r t  p e r io d ,  l i k e l y  to  be 
o b se rv e d ; th e  c o n d it io n  f o r  t h i s  i s  t h a t  th e  w anted s ig n a l  sh o u ld  t r a v e r s e  
th e  re g io n  o f  th e  io n o sp h e re  most s t r o n g ly  i l lu m in a te d  by th e  i n t e r f e r i n g  
t r a n s m i t t e r .  F ig . 1 shows t h a t  c ro ss -m o d u la tio n  r i s e s  to  a  second  maximum 
when th e  frequency  o f  th e  i n t e r f e r i n g  t r a n s m i t t e r  i s  c lo se  to  th e  gyrom agnetic 
freq u en cy . F ig . 5 shows a  map g iv in g  th e  v a lu e  o f  th e  gyrom agnetic frequency  
fo r  d i f f e r e n t  p a r t s  o f  th e  w o rld  /  L a i t in e n  and Hayden, 1950_/»

3. The e f f e c t s  o f  c ro s s -m o d u la tio n  sh o u ld  be ta k e n  in to  accoun t n o t 
on ly  f o r  sky-wave r e c e p t io n ,  b u t  a ls o  f o r  ground-wave r e c e p t io n  a t  th e  edge 
o f  th e  s e r v ic e  a re a  when a t  n ig h t  th e  sky-wave i s  no lo n g e r  n e g l ig ib l e .
However, th e  e f f e c t  o f  c ro s s -m o d u la tio n  i s  red u ced  ap p ro x im ate ly  in  th e  r a t i o  
o f  th e  w anted s ig n a l  l e v e l s ,  ground-wave to  sky-w ave, a t  th e  r e c e iv in g  p o in t .

1+. P re lim in a ry  co n c lu s io n s

On^the b a s is  o f  m easurem ents /  H aberkant and V ogt, 1 9 6 6 ; H aberkant 
e t  a l ,  1971 /  examples may be g iven  o f  th e  power f lu x  l e v e l s ,  o r  th e  t r a n s m i t t e r  
power as a fu n c tio n  o f  th e  a n g le  o f  e l e v a t io n ,  w hich can cause  d is tu rb a n c e  to  
w anted t r a n s m is s io n s .

F or t h i s  p u rp o se , an assum ption  i s  f i r s t  made r e g a rd in g  th e  to l e r a b le  
l e v e l  o f  th e  dep th  o f  c ro s s -m o d u la tio n . A ccord ing  to  th e  Annex to  
Recommendation 1+U8-1, in  c o n n ec tio n  w ith  R eport 26U -3, § 3 ( S t a t i s t i c a l  
v a r i a t io n  o f  th e  f i e l d  s t r e n g th  o r  th e  p ro p a g a tio n  lo s s )  and R eport 298- 3 ,
§ 2 .2 .2 .1  (S h o r t- te rm  f a d in g s ) ,  a ra d io - f re q u e n c y  p r o te c t io n  r a t i o  o f
ap p ro x im ate ly  30 dB i s  ag reed  fo r  10 % o f  th e  tim e in  th e  case  o f  a  f lu c tu a t in g  
unw anted s ig n a l .  Ig n o rin g  th e  e f f e c t  m entioned  in  § 1 .3 ,  th e  same d is tu r b in g  
e f f e c t  i s  p roduced  by 3 % c ro ss -m o d u la tio n  f o r  10 % o f  th e  tim e . I t  has been  
shown /^ H ab erk an t e t  a l , 1971_/ t h a t  fo r  f re q u e n c ie s  a t  th e  upper end o f  th e  
MF b ro a d c a s t in g  band 6 (MF), t h i s  l e v e l  o f  c ro s s -m o d u la tio n  may be  produced
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by a  power f lu x  w ith in  th e  E r e g io n  o f  th e  io n o sp h e re  o f  about 
2 yW/m^ (“ 57 dB (W /m^)), w hich co rresp o n d s  to  a  maximum f i e l d  s t r e n g th  o f  
27 mV/m (89 dB (yV /m )).

Assuming a  h e ig h t  o f  100 km o f  th e  r e f l e c t i n g  la y e r  (E r e g io n ) ,  
i t  i s  p o s s ib le  to  c a l c u la te  th e  power r a d ia te d  from  v a r io u s  ty p e s  o f  an ten n ae  
w hich would p roduce t h i s  power f lu x  w ith in  th e  E re g io n .  The' v e r t i c a l  
t r a n s m i t t in g  an ten n ae  t h a t  a re  commonly used  show a v e r t i c a l  r a d ia t io n  p a t t e r n  
w hich depends in  a w e ll -d e f in e d  fa s h io n  on th e  h e ig h t  (e x p re sse d  in  f r a c t io n s  
o f  th e  w av e le n g th , X). In  p a r t i c u l a r  such  v e r t i c a l  an ten n ae  do n o t r a d i a t e  
a t  an a n g le  o f  e le v a t io n  o f  9 0 ° . T able I  /  H aberkant e t  a l ,  1971_/ i n d i c a t e s ,  
f o r  a  number o f  v e r t i c a l  t r a n s m i t t in g  an ten n ae  a t  d i f f e r e n t  h e i g h t s , th e  
t r a n s m i t t e r  powers to  be fe d  in to  th e s e  an ten n ae  t o  meet th e  above-m entioned  
r e q u ire m e n ts .

TABLE I

Length o f
v e r t i c a l
an ten n a

<0 . 2 5 X 0 ,2 5  X 0.5X 0.55X 0 .6 4  X
, ,  ( 1  ) 

0 .64  X

T ra n s m itte r  
c a r r i e r  

power (kW)
^20 340 560 670 570 840

F i r s t  s id e  lo b e  com pensated

I t  i s  a ls o  p o s s ib le  to  c a l c u la te  th e  dependence o f  th e  r a d ia te d  
power on th e  an g le  o f  e le v a t io n ,  r e q u ire d  to  produce th e  same power f lu x ,  
c o v e rin g  th e  whole range from 0 ° (h o r iz o n ta l  r a d ia t io n )  to  9 0 ° ( v e r t i c a l  
r a d i a t i o n ) .  The r e s u l t s  a re  g iv en  in  T able I I .
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TABLE II

r- 1
Angle o f  e le v a t io n  

(d e g re e s )
0 10 20 30 40 45 50 60 70 80 9 0

e .m .r .p .*  
(dB(lkW )) o r 

c .m .f.* (d B (3 0 0 V ))
3 9 .5 32 2 7 .5 2 4 .3 2 2 .5 22 2 1 .5 2 0 .2 19 .3 18 .7 1 8 .5

e .m .r .p .  (kW)
9000 1600 570 250 190 160 140 105 35 75 70

The above t a b le s  g iv e  o n ly  approx im ate v a lu e s  because i t  i s  known, 
from th e o ry ,  t h a t  io n o sp h e r ic  c ro ss -m o d u la tio n  may be in f lu e n c e d  by s e v e r a l  
param eters*  such as th e  f re q u e n c ie s  o f  th e  w anted and o f  th e  i n t e r f e r i n g  
t r a n s m i t t e r  ( in  p a r t i c u l a r  seen  in  t h e i r  r e l a t io n s h ip  to  th e  g y ro -f re q u e n c y ) 
and th e  p o la r i z a t io n  o f  em iss io n .

e . m . r . p . :  e f f e c t iv e  monopole r a d ia te d  pow er; c . m . f . : cymomotive fo r c e .
See a ls o  R eport 6 l8 .

The powers g iven  in  T ab les I  and I I  a re  exam ples b ased  on a 
sm a ll number o f  m easurem ents a t  a  freq u en cy  n e a r  th e  to p  end o f  band 6 (MF); 
th e y  make no a llow ance f o r  th e  change o f  c ro s s -m o d u la tio n  w ith  th e  c a r r i e r  
frequency  o f  th e  d is tu r b in g  s ig n a l .  A lso , th e y  do n o t in c lu d e  th e  e f f e c t  
o f  reduced  c ro ss -m o d u la tio n  a t  th e  h ig h e r  aud io  f re q u e n c ie s  which p e rm its  
i n t e r f e r i n g - t r a n s m i t t e r  powers to  be in c re a s e d  by 3 dB.

I t  may be n o te d  t h a t  s e rv ic e s  o th e r  th a n  b ro a d c a s t in g  have a ls o  
s u f f e r e d  d e g ra d a tio n s  due to  io n o sp h e r ic  c ro s s -m o d u la tio n .
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The r e s u l t s  o f  many o th e r  m easurem ents o f  io n o sp h e r ic  c ro s s ­
m odu la tion  have been  com pared /  K n ig h t, 1973_/ and F ig . 1 shows t h a t  100 kW 
r a d ia te d  from  a  s h o r t  a n ten n a  a t  f re q u e n c ie s  in  th e  low er p a r t  o f  th e  MF 
b ro a d c a s t band 6 (MF) p roduces c ro s s -m o d u la tio n  w hich may exceed 2 % f o r  
50 % o f  th e  tim e . I t  may be shown /  H ab erk an t, e t  a l . ,  1971_/ t h a t  t h i s  
co rresp o n d s  to  a c ro s s -m o d u la tio n  l e v e l  o f  3 % exceeded f o r  10  % o f  th e  
tim e . The power o f  100 kW may th e r e f o r e  be d i r e c t l y  compared w ith  th e  
power o f  320 kW g iven  in  T able I .  The g r e a te r  power in  T able I  a r i s e s  
b ecau se  th e  s e r i e s  o f  m easurem ents on w hich i t  was b ased  ap p ea r to  g ive  
low er c ro s s -m o d u la tio n  th a n  th e  e s t im a te d  w o rs t case  v a lu es  shown by th e  
curve in  F ig . 1 .

F ig . 1 a ls o  shows t h a t  c ro s s -m o d u la tio n  le v e l s  caused  by d is tu r b in g  
t r a n s m i t t e r s  o p e ra t in g  e i t h e r  a t  f re q u e n c ie s  in  band 5 (LF) o r a t  f re q u e n c ie s  
c lo s e  t o  th e  gy rom agnetic  freq u en cy  may be 10 dB g r e a te r  th a n  le v e l s  a r i s i n g  
a t  f re q u e n c ie s  in  th e  low er p a r t  o f  band 6 . A 5 dB re d u c tio n  o f  d is tu r b in g -  
t r a n s m i t t e r  power red u ces  th e  c ro ss -m o d u la tio n  l e v e l  by 10 dB. A llow ing 
f o r  th e  m o d u la tio n -fre q u en cy  e f f e c t  we conclude t h a t , depending  on th e  
d i s tu r b in g  freq u en cy  in  bands 5 (LF) and 6 (MF), t r a n s m i t t e r  powers in  a 
range  v a ry in g  from th e  v a lu e s  in  T ab les I  and I I  down to  7 dB low er may, 
a t  w o rs t ,  g iv e  in te r f e r e n c e  to  a  sky-wave s e rv ic e  com parable w ith  co -ch a n n e l 
in t e r f e r e n c e  f o r  30 dB p r o te c t io n  r a t i o .

Somewhat g r e a te r  d i s tu r b in g - t r a n s m i t t e r  powers may be r a d ia te d  
i f  ground-wave s e r v ic e s ,  r a th e r  th a n  sky-wave s e r v ic e s ,  a re  to  be p ro te c te d  
from th e  e f f e c t s  o f  io n o s p h e r ic  c ro s s -m o d u la t io n , b ecau se  th e  d is tu r b in g  
t r a n s m i t t e r  in f lu e n c e s  o n ly  th e  sky-wave component o f  th e  re c e iv e d  s ig n a l .
I f  th e  l i m i t  o f  th e  ground-wave s e rv ic e  a re a  i s  d e f in e d  as th e  l i n e  where 
th e  ground-wave f i e l d  s t r e n g th  exceeds th e  m edian sky-wave f i e l d  s t r e n g th  by 
l4  dB, th e  median c ro ss -m o d u la tio n ' o f  th e  r e s u l t a n t  s ig n a l  w i l l  be 10 dB le s s  
th a n  th e  m edian c ro ss -m o d u la tio n  o f  th e  sky-w ave. D is tu r b in g - t r a n s m i t te r  
powers may th e r e f o r e  be 7 d.B g r e a te r  th a n  th e  e q u iv a le n t  powers when th e  
sky-wave i s  b e in g  p r o te c te d .

5. P r a c t i c a l  a p p l ic a t io n  o f  th e  co n c lu s io n s

The E.B .U . has in v e s t ig a te d  th e  consequences on th e  p la n n in g  o f  
b ro a d c a s t in g  netw orks in  bands 5 (LF) and 6 (MF) to  be drawn from  th e  
p re lim in a ry  c o n c lu s io n s  sum m arized in  § 4 o f  t h i s  R ep o rt. The most u rg e n t 
p rob lem  i s  t h a t  o f  maximum e f f e c t iv e  m o n o p o le -ra d ia te d  power as a  fu n c tio n  
o f  th e  an g le  o f  e l e v a t io n  and ty p e  o f  an ten n a  when a  c e r t a in  amount o f  
in t e r f e r e n c e  by io n o s p h e r ic  c ro s s -m o d u la tio n  i s  n o t to  be exceeded . The 
co n c lu s io n s  drawn so  f a r  from  th e s e  s tu d ie s  a re  s e t  o u t h e r e a f t e r .
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I t  i s  recommended th a t  th e  annoyance due to  c ro ss -m o d u la tio n  sho u ld  
n o t exceed th a t  r e s u l t i n g  from co -ch an n e l in te r f e r e n c e  w ith  a  p r o te c t io n  r a t i o  
o f  30 dB. However, c ro s s -m o d u la tio n , u n lik e  co -ch a n n e l in t e r f e r e n c e ,  d e c re a se s  
w ith  in c re a s in g  m odu lation  f re q u e n c y , so  t h a t  s u b je c t iv e  experim en ts  a re  
n e c e ssa ry  to  r e l a t e  th e  two e f f e c t s .  Such experim en ts  have been  c a r r i e d  ou t 
and have shown t h a t  th e  maximum dep th  o f  c ro ss -m o d u la tio n  co u ld  be 6 .3  % when 
th e  i n t e r f e r i n g  t r a n s m i t t e r  i s  80 % m odulated  by 300 Hz to n e . I t  i s  recommended 
th a t  t h i s  sh o u ld  be re g a rd e d  as th e  maximum a c c e p ta b le  l i m i t  o f  c ro s s -m o d u la tio n .

Taking in to  accoun t th e  dependence o f  c ro ss -m o d u la tio n  on th e  c a r r i e r  
freq u en cy  o f  th e  unwanted em issio n  and th e  h e ig h t  o f  th e  r e f l e c t i n g  l a y e r ,
F ig . 2 (cu rve  A) shows th e  maximum e f f e c t iv e  m o n o p o le -rad ia ted  power (dB(lkW )) 
o r  cymomotive fo rc e  (dB(300 V)) d i r e c te d  v e r t i c a l l y  upward w hich w ould p ro d u ce , 
f o r  50 % o f  th e  t im e , th e  dep th  o f  c ro ss -m o d u la tio n  s p e c i f i e d  above. The 
a b s c is s a  i s  th e  r a t i o  o f  unw anted c a r r i e r  frequency  to  th e  gy ro frequency  F^
(ab o u t 1 .2 5  MHz in  E u ro p e). This curve i s  b a sed  on a  la r g e  number o f
m easurem ents in  Europe and A u s t r a l i a  as d e s c r ib e d  in  § 4 and F ig . 1 , ta k in g  
th e  observed  v a lu e s  o f  c ro ss -m o d u la tio n  as r e p re s e n t in g  th e  w o rst v a lu es  l i k e l y  
to  o ccu r over th e  most u n fav o u rab le  g e o g ra p h ic a l p a th .

In  p r a c t i c a l  c a s e s , acco u n t must b e  ta k en  o f  th e  v e r t i c a l  r a d ia t io n  
p a t t e r n  o f  th e  a n ten n a  and o f  th e  in c re a s in g  d is ta n c e  between th e  an ten n a  and 
th e  r e f l e c t i n g  p o in t  in  d i r e c t io n s  o th e r  th a n  v e r t i c a l .  F ig . 3 shows th e  
p e rm is s ib le  in c re a s e  in  e .m .r .p .  in  d i r e c t io n s  o th e r  th a n  v e r t i c a l  a llow ed  by 
th e  in c re a s in g  d is ta n c e  o n ly . An a d d i t io n a l  in c re a s e  o r  d e c re a se  in  power 
r e s u l t i n g  from  th e  v e r t i c a l  d iagram  o f  th e  an ten n a  has to  be ta k en  in to  acc o u n t. 
For p r a c t i c a l  a p p l ic a t io n ,  th e  in f lu e n c e s  o f  in c re a s in g  d is ta n c e  to  th e  
r e f l e c t i n g  p o in t  and o f  th e  v e r t i c a l  r a d ia t io n  p a t te r n  o f  th e  an ten n a  have been  
combined to  one s in g le  c o r r e c t io n  f a c t o r  AP w hich has to  be added to  t h a t  re a d  
from F ig . 2 . This c o r r e c t io n  f a c to r  has been  c a lc u la te d  f o r  v e r t i c a l  an tennae

o f  d i f f e r e n t  e l e c t r i c a l  le n g th  x * and h o r iz o n ta l  d ip o le s  0 .5  X lo n g , a t

d i f f e r e n t  h e ig h ts  x  * h/X above ground assum ing a h e ig h t o f  85 km f o r  th e  
re g io n  o f  th e  io n o sp h ere  in  w hich c ro ss -m o d u la tio n  sh o u ld  o ccu r. The r e s u l t  
o f  t h i s  c a lc u la t io n  i s  g iven  in  F ig . 4,

In  a  ground-wave s e rv ic e  which i s  to  be p ro te c te d  a g a in s t  c ro s s ­
m odu lation  a t  n ig h t ,  i t  may be  assumed t h a t  th e  sky-wave f i e l d  s t r e n g th  o f  th e  
w anted t r a n s m i t t e r  i s  10 dB below  th e  ground-wave f i e l d  s t r e n g th  a t  th e  s e rv ic e  
l i m i t .  S ince  only  th e  sky-wave component i s  s u b je c t  to  c ro s s -m o d u la t io n , an 
in c re a s e  o f  5 dB in  r a d ia t io n  i s  p e rm is s ib le  i f  on ly  ground-wave s e rv ic e s  need  
be c o n s id e re d . This le a d s  to  curve B o f  F ig . 2 .

As a  p r a c t i c a l  exam ple, c o n s id e r  a s h o r t  v e r t i c a l  an ten n a  in  band 5 (LF)
(F^/F^) =s 0 .2 ) .  F ig . 2 shows th a t  to  p r o te c t  a  ground-wave s e r v ic e ,  th e
maximum e .m .r .p .  in  a v e r t i c a l  d i r e c t io n  would be 20 (dB (l kW )), i . e . ,  100 kW. 
However, a s h o r t  an ten n a  produces a  maximum v a lu e  o f  f i e l d  s t r e n g th  in  th e
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io n o sp h e re  a t  an an g le  e le v a t io n  o f  4 5 ° ; F ig . 3 shows t h a t  an in c re a s e  
o f  3 dB i s  p e rm itte d  a t  t h a t  a n g le ,  g iv in g  an e .m .r .p .  o f  200 kW. However, 
i t  i s  more co n v en ien t to  s p e c ify  th e  e .m .r .p .  in  th e  h o r iz o n ta l  d i r e c t i o n ;
f o r  a  s h o r t  an ten n a  t h i s  i s  3 dB g r e a te r  th a n  a t  4 5 ° , i . e . ,  400 kW.

A cco rd in g ly , in  t h i s  c a s e ,  f o r  a s h o r t  v e r t i c a l  an ten n a  
( £ / A « 0 . l ) ,  th e  v a lu e  o f  AP = +6 dB can he  re a d  from  curve A in  F ig . 4 ,

w hich r e s u l t s  in  a  t o t a l  power fe d  to  th e  an ten n a  o f  P = +26 (dB(lkW )) s  i . e . ,
400 kW.
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M easurements o f  io n o sp h e r ic  c ro s s -m o d u la tio n  

a t  medium l a t i t u d e s

Q  : m easurem ents b e fo re  19^5 /  van d e r  P o l and van d e r M ark, 1935*
Baum ler and P f i t z e r ,  1935* B a i le y ,  
1937; G ro ssk o p f, 1938_/

0 : ' m easurem ents a t  Cambridge /  H uxley , e t  a l .  , 19^-7;
and Birmingham R a t c l i f f e  and Shaw, I 9 U8 ;

H uxley, e t  a l . , I 9U8 ; H uxley , 1950; 
Shaw, 1951; B e l l ,  1951J

•  : m easurem ents in  I t a l y  /  C uto lo  and F e r r e r o ,  19^8 and 19^9;
C utolo  e t  a l . ,  1950; C u to lo , 1952 /

® : m easurem ents in  A u s t r a l i a  /  B a ile y  e t  a l ,  1952; H ib b erd , 196U_7

A : m easurem ents in  W estern
Europe a f t e r  19^+5

X : o th e r  m easurem ents

  : s e m i-e m p ir ic a l u pper l i m i t

A : band  5 (LF)

B : band  6 (MF)

N o te .-  The v e r t i c a l  l i n e s  r e p re s e n t  a  ran g e  o f  median v a lu e s  m easured d u r in g  
th e  co u rse  o f  a n ig h t ,  o r  on d i f f e r e n t  n ig h t s .  The arrow s p o in t in g  downwards 
in d ic a te  m easured v a lu e s  w hich a re  l e s s  th a n  th e  v a lu e  in d ic a te d .

/  H aberkant and V ogt, 1 9 6 6 ; 
H aberkant e t  a l ,  1971_/
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FIGURE h

C o rre c tio n  f a c t o r  AP, fo r  d i f f e r e n t  ty p e  o f  an ten n ae

Curve A : v e r t i c a l  an ten n a
X : r e l a t i v e  le n g th  o f  a n ten n a  ( i / X)  {%)

Curve B : h o r iz o n ta l  d ip o le  ( I  = 0.5X)
X • r e l a t i v e  h e ig h t  ahove ground (h/X ) (%)
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BROADCASTING COVERAGE IN  BAND 6 ( W )  -  OPERATIONAL ASPECTS

REPORT 6l6*

(S tu d y  Program m e 2 5F-1/1 0 )

(1974)

Day-time coverage

The f o l lo w in g  r e s u l t s  a r e  b a s e d  o n  t h e  g ro u n d -w av e  p r o p a g a t io n  
c u r v e s  o f  Recommendation 368-2 . 1

Due t o  th e  s t r o n g  a b s o r p t i o n  o f  th e  sk y -w av e  i n  b a n d  6 d u r in g  
th e  day-time, o n ly  th e  g ro u n d -w av e  c a n  b e  u s e d  f o r  c o v e r a g e .  The s e r v i c e  
r a d i u s  ( s e e  A nnex I )  d e p e n d s  on  th e  f r e q u e n c y  an d  o n  th e  e l e c t r i c a l  
c h a r a c t e r i s t i c s  o f  th e  s o i l  w i t h i n  t h e  s e r v i c e  a r e a ;  t h i s  r a d i u s  f o r  
h i g h e r  t r a n s m i t t e r  p o w ers  i s  a b o u t  100  k a .  A t r a n s m i t t e r  n e tw o rk  
optimized for day-time c o v e ra g e  c o u ld  b e  b a s e d  o n  v e r y  lo w  c o - c h a n n e l  
d i s t a n c e s ,  i . e .  o n  a  c o n s i d e r a b l y  h i g h e r  t r a n s m i t t e r  d e n s i t y  t h a n  t h a t  
e x i s t i n g  a t  p r e s e n t .  F o r  e x a m p le , a  day-time n e tw o rk  b a s e d  o n  a n  
a v e ra g e  c o - c h a n n e l  d i s t a n c e  o f  r o u g h ly  500  km w o u ld  p r o v i d e ,  a t  an y  
l o c a t i o n ,  a b o u t  t e n  r a d i o  p rogram m es w i th  good  q u a l i t y  o f  r e c e p t i o n .

C o v e ra g e  d u r i n g  th e  day-time t h e r e f o r e  d o e s  n o t  r e p r e s e n t  a  
t e c h n i c a l  p ro b le m .

N ig h t - t im e  c o v e ra g e

W ith  th e  o n s e t  o f  d a r k n e s s  th e  a b s o r p t i o n  o f  th e  Bky-wave i s  
g r e a t l y  r e d u c e d  an d  h ig h  v a l u e s  o f  f i e l d - s t r e n g t h  may b u i l d  u p  during a 
period of one or two hours at distances of thousands of kilometres. This 
produces interference and limits the ground wave service range. In 
general, the sky-wave has been regarded mainly as a source of 
•interference, and the systematic use of the sky-wave for coverage 
purposes has been envisaged for special cases only.

A t n i g h t - t i m e ,  t h e  p r e s e n c e  o f  th e  sk y -w av e  g iv e s  r i s e  t o  
c o m p l ic a te d  t e c h n i c a l  p ro b le m s  a n d  n e c e s s i t a t e s  p l a n n in g  m e th o d a  f o r  
v e r y  l a r g e  a r e a s  b a s e d .o n  i n t e r n a t i o n a l l y - a g r e e d  r u l e s .

* Adopted unanimously
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To obtain a clear picture of the possibilities of providing 
radio programmes in band 6 under various basic assumptions, a great 
number of frequenoy-assignaent trials have been carried out within 
the E.B.U. and the coverage factors obtained have been calculated.
These studies were made for the European and African broadcasting 
areas.

These trials were made on the basis of rather evenly . 
distributed transmitters with equal power radiated from omnidirectional 
antennae, the sites of which, however, coincided with real or planned 
sites in Europe and Africa. The service areas were calculated using a 
statistical method and taking into account only the interference caused 
by the other transmitters. This method enables a valid comparison to 
be made between the results of two different trials, but the absolute 
values of the results should not be used without due care.

For the purpose of the calculations, certain values of radio­
frequency protection ratio* have been adopted. These different values 
of radio-frequency protection ratio correspond, of course, to different 
grades of service. It is evident that the service areas so calculated 
are larger for smaller values of this ratio than for the higher values. 
The increase in service area with decreasing value of protection ratio 
(i.e. with decreasing grade of service) does not imply that better 
listening conditions will be obtained: the listening conditions do not
dependT on the protection ratio, but only on the power and on the

• configuration of the interfering transmitters.
It should be noted that, when comparing the results of two 

different trials, the differences may be more or less pronounced 
depending on the radio-frequency protection ratio, i.e. the grade of 
service adopted. Therefore the calculation results should not be 
discussed without making mention of the corresponding grade of service.

Finally, it should be recalled that, in the calculations, 
statistical propagation data have been used. . In particular, ionospheric 
field-strength prediction curves have been taken, which represent median 
values ( i . e .  v a lu e s  fo r  50$ o f  th e  tim e )  f o r  an average  freau en cv  o f  
1 000 kHz.

It can be assumed, therefore, that the results obtained are 
reasonably suitable for representing the average situation for the whole 
of the spectrum covered by band 6.

Some of the results are summed up hereafter.

* Radio-frequency protection ratio as defined in Recommendation 447.
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2.1 Ground-wave coverage at night
The total amount of ground-wave coverage depends in the first 

place on the co-channel distance, i.e. on the transmitter density. For 
a given transmitter p o w e r, the ground-wave coverage increases with
increasing co-channel distance (see Report 400-2). Thus, for 300 kW 
transmitters, and assuming protection ratios of 40 dB, 33 dB and 
27 dB, the following percentages of the combined surface areas of 
Europe and Africa can be covered by employment of the 121 channels 
now available in band 6 :

TABLE I

Ground-wave coverage
uo~c n&nnq±

Radio-frequency protection ratio
distance 40 dB 33 dB 27 dB

Area Area Area
(km) Number of Nunfber of Number ofcoverage coverage coverage

programmes {%) programmes (%) programmes (%)

2 700 1 6 1 11 1 21

3 500 1 8 1 15 1 25

4 100
-

1 9 1 17 1 28

Because of the uncertainty of field-strength prediction data for 
.distances beyond 3 500 km, it cannot yet be stated to what extent co­
channel distances greater than the values quoted will lead to a further 
increase in ground-wave coverage. These coverage factors can possibly 
be improved by the use of synchronized networks and of directive 
antennae. Moreover, the population coverage can be made superior 
to the surface coverage by appropriate transmitter siting. Little 
numerical information is available on these possible 
improvements.

The question of what transmitter power provides the greatest 
possible ground-wave coverage for a given transmitter density has been 
the subject of detailed studies (see Report UoC-2), from which a 
sufficiently accurate answer inay.be derived. Furthermore, it should be 
recalled that night-time ground-wave coverage is also limited by 
interference between the ground-wave and the sky-wave from the same 
transmitter, but this effect has been ignored in the calculation of 
the approximate service ranges as given in Annex II.

2.2 .Sky-wave coverage
Under the same assumptions as those made in § 2.1 (500 kW 

transmitters, 40 dB, 33  27 dB protection ratio) the sky-wave
would provide coverage of the combined surface areas of Europe and 
Africa, with use of the entire band 6 as follows :
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TABLE I I

Co-channel
Sky-wave coverage

Radio-frequency protection ratio
distance dB 33 dB 2T dB

(km) Number of 
programmes

Area
coverage

(%)

Number of 
programmes

Area
coverage

(%)

Number of 
programmes

Area 
coverage 
' (%)

2 7 0 0 neglig ible 1 30 6 .1 1 0 0

.3 500 1 15 1 0 0 23.3 100

k 100 2.5 100 1U .9 1 0 0 31.6 100

It can be seen that at night the sky-wave service depends far more than the
ground-wave service on the transmitter density adopted : for high transmitter 
densities (i.e. co-channel distances even smaller than 2 TOO km) nocturnal 
• coverage decreases rapidly, whereas a co-channel distance of U 1 0 0 km would 
permit the reception of several programmes at any location within the area 
considered. The majority of these programmes would, of course, he 
originated far from the reception point. Moreover, the fact should not he 
overlooked that it is impossible, contrarily to the ground-wave, to achieve 
consistently good quality hy means of the sky-wave. Account should also he 
taken of the fact that, in p r a c t i c e , the area covered at night will not he 
continuous, for there will he an annulus embracing ranges in the region 
between 1 0 0 km and 20 0 km in which severe selective fading will he caused 
hy interference between the ground-wave and the sky-wave. This effect 
has been neglected in the studies made so far. Examples for approximate 
service ranges are given in Annex II. The fact remains that the 
utilization of the sky-wave would allow better use to be made of the 
spectrum in respect of area coverage because the ratio between the service area and 
the area of interference is more favourable. Finally, it should be recalled that, 
in conditions yielding satisfactory night-time ground-wave coverage, there 
will normally also result a reasonable amount of sky-wave coverage.

2.3 Combination of ground-wave and sky-wave services

It can be concluded from §§ 2.1 and 2.2 that good results for 
both types of service may be obtained if the high-pover co-channel 
transmitters are sufficiently widely spaced.
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3. Combination of day-time and night-time services

As shown in §§ 1 and 2, transmitter networks devised for good 
coverage during the day-time differ fundamentally from those set up for 
good coverage at night-time : the co-channel distances would, for example, 
be about 500 km for day-time and about 4 000 km for night-time. As the
corresponding total number o.f transmitters of these networks would have a
ratio equal to the square of the ratio of the co-channel distances, the
coexistence of both networks would mean that, in this example, only one out
of every 64 transmitters could be operated after sunset. "̂ n this example, 
two extreme cases of optimum coverage conditions are compared, neither 
o f  w hich co rresp o n d s  to  p re s e n t  p r a c t i c e .  I f  in  any netw ork a l l  
t r a n s m i t t e r s  rem ain in  o p e ra t io n  day and n ig h t  t h i s  w i l l  le a d  to  
reduced  coverage e i t h e r  a t  day -tim e  o r a t  n ig h t - t im e ,  o r ,  in  th e  
case  o f  a netw ork b ased  oh a compromise betw een th e  two ty p e s  o f  n e tw ork , 
to  reduced  coverage d u rin g  day and n ig h t .

On the other hand, the transition from efficient day-time 
operation to efficient night-time operation would lead to some problems 
of an operational and administrative nature. In fact, as shown, the 
majority of the day-time transmitters would have to be closed down at 
sunset, to avoid unacceptable interference during the hours of darkness.
The time of close-down itself may then depend on the season and the 
latitude, especially at high and medium latitudes. Moreover, because of 
the comparatively slow build-up of the sky-wave after sunset, there will 
always be a period when either the ground-wave network suffers interference 
(if all transmitters are still in operation) or the sky-wave signals are 
still too weak. Although the difficulties mentioned above appear to make 
the general use of such a mode of operation impracticable, its potential 
ad van tages a re  such th a t  a f u r th e r  s tu d y  i s  d e s i r a b le  p a r t i c u l a r l y  i
in  r e s p e c t  o f  c e r t a in  s p e c ia l  c a s e s .

4. Population coverage

While the area coverage assumes an important aspect of
co v e ra g e , th e r e  i s  a n o th e r  a s p e c t ,  nam ely, t h a t  o f  p o p u la tio n  co v erag e . 
S tu d ie s  on th e  problem s o f  p o p u la tio n  coverage have been i n i t i a t e d  
in  some c o u n tr ie s  ]_ Suzuki e t  a l , 1974__/, b u t f u r th e r  s tu d y  i s  r e q u ire d  
on t h i s  p o in t .
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5 . Improvements of coverage

5.1 Synchronized networks

A synchronized network is a group of transmitters intended 
primarily for a ground-wave service radiating the same programme at a 
common frequency.

In most European countries, the use of synchronized networks to 
replace single transmitters of equivalent power leads to better adaptation 
of coverage to population distribution, and thereby Increases total 
population coverage. Annex III shows some examples of the results obtained 
in various countries. The use of synchronized groups is most effective in 
those countries where there are widely-spread areas of high population 
density.

It should be emphasized :

- that acceptable reception quality of the sky-wave signal is more likely 
in those areas where the sky-wave of one transmitter of the synchronized 
group predominates;

- that the interference from a synchronized group is equivalent to that 
from a single transmitter sited at the centre of gravity of the group, 
with a power equivalent to the total power of the group, provided that 
the average distance between the group of transmitters is not more than 
about o n e - te n th  o f  th e  d is ta n c e  to  th e  n e a re s t  co -ch an n e l t r a n s m i t t e r ;

- that synchronized networks are of less value in small countries;

- that the use of directional transmitting antennae improves the coverage 
from synchronized networks;

- that the use of product demodulators decreases the non-linear distortion 
due to interference between the transmitters of a synchronized network; 
this would increase the coverage obtained.

On the other hand, transmitters of a synchronized network may 
radiate different programmes during daylight hours, if the transmitters are 
sufficiently widely spaced.

It is obvious that investment and operational costs are higher 
for a synchronized network than for a single transmitter; nevertheless, the 
use of synchronized networks should be envisaged in each case where the 
advantages quoted are to be. expected.
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5 .2  A ntenna d i r e c t i v i t y

5 .2 .1  V e r t ic a l  diagram  o f  v e r t i c a l l y - p o la r i z e d  t r a n s m i t t in g  an ten n ae

An an ten n a  may be d es ig n ed  to  have a  p a r t i c u l a r  v e r t i c a l  
r a d ia t io n  p a t t e r n  so t h a t  th e  power i s  c o n c e n tra te d  in  th e  p a r t i c u l a r  
v e r t i c a l  segment o r  segm ents t h a t  w i l l  ach iev e  th e  ty p e  o f  coverage 
r e q u ir e d .

By c o n c e n tra t in g  th e  power in  th e  h o r iz o n ta l  p la n e  i t  i s  p o s s ib le  
to  im prove th e  ground-waye d ay -tim e  coverage o r to  u se  a low er t r a n s ­
m i t t e r  power f o r  th e  same co v e ra g e . Where th e  o n se t o f  f a d in g , and no t 
co -ch a n n e l in t e r f e r e n c e ,  i s .  th e  f a c to r  l im i t in g  ground-wave c o v e ra g e , an 
a n t i - f a d e  an ten n a  w i l l  improve ground-wave co v erag e . T h is  improvement 
i s  o n ly  l i k e l y  t o  be o b ta in e d  w ith  f re q u e n c ie s  a t  th e  low er end o f  
band 6 , in  s i t u a t io n s  where ground c o n d u c t iv ity  i s  b e t t e r  th a n  a v e ra g e . 
F in a l ly ,  a lth o u g h  such an ten n ae  may le a d  to  a re d u c t io n  in  io n o sp h e r ic  
c ro s s -m o d u la tio n , th e y  p ro v id e  a  p o o re r  sky-wave s e r v ic e ,  fo r  th e  
same in t e r f e r e n c e ,  a t  s h o r te r  ran g es  (d is ta n c e s  g r e a te r  th a n
2 ,000  km ).

By c o n c e n tr a t in g  th e  power away from th e  h o r iz o n ta l  p la n e ,  th e  
sky-wave coverage i s  im proved, b u t ground-w ave coverage becomes 
l e s s  good and th e  r i s k  o f  io n o s p h e r ic  c ro s s -m o d u la tio n  i s  g r e a t e r .

5*2 .2  H o riz o n ta l d iagram  o f  v e r t i c a l l y - p o la r i z e d  t r a n s m i t t in g  an tennae

By c o n c e n tra t in g  th e  r a d ia te d  power in  g iven  h o r iz o n ta l  d i r e c t io n s  
. p a r t i c u l a r  coverage re q u ire m e n ts  can be m et. A lthough th e  g e n e ra l u se  o f  
d i r e c t i o n a l  an tennae  in  a freq u en cy  p la n  does n o t le a d  to  an o v e r a l l  
improvement o f  co v e ra g e , th e  u se  o f  d i r e c t i o n a l  an tennae  w i l l  be 
advan tageous when c o n s id e r in g  th e  coverage w ith in  in d iv id u a l  c o u n t r ie s ,  
m ain ly  because i t  may le a d  to  a  b e t t e r  a d a p ta t io n  to  s p e c i f i c  w anted 
s e rv ic e  a re a s  and a ls o  to  a re d u c t io n  o f  in te r f e r e n c e  in  s p e c i f i c  c a s e s .  
In  a p a r t i c u l a r  ca se  th e  employment o f  an a n ten n a  w hich i s  d i r e c t i o n a l  
in  t h e ‘h o r iz o n ta l  p la n e  w i l l  a llo w  a  freq u en cy  ch an n e l to  be used  in  a 
g iv e n  zone w here t h i s  freq u en cy  co u ld  n o t be u sed  w ith  an o m n id ire c t io n a l 
a n te n n a . The u se  o f  such a d i r e c t i o n a l  an ten n a  can red u ce  th e  
in te r f e r e n c e  in  th e  s e rv ic e  a re a  o f  a n o th e r  co -ch a n n e l t r a n s m i t t e r  and 
a s  a  r e s u l t  p e rm it th e  re d u c t io n  o f  th e  co -ch a n n e l d is ta n c e .  T h is  i s  th e  
p r in c i p a l  advan tage o f  an an ten n a  w ith  a d i r e c t i o n a l  h o r iz o n ta l  p a t t e r n .
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5 .2 .3  Economic c o n s id e ra tio n s

In  g e n e ra l any a n te n n a , th e  v e r t i c a l  o r h o r iz o n ta l  r a d ia t io n  
c h a r a c t e r i s t i c s  o f  w hich a re  d es ig n ed  to  f u l f i l  s p e c i f i c  re q u ire m e n ts , 
w i l l  c o s t  more th a n  n o n - d ir e c t io n a l  a n te n n a e . S p e c ia l  re q u ire m e n ts  f o r  
th e  v e r t i c a l  r a d ia t io n  p a t t e r n  no rm ally  le a d  to  h ig h e r  s t r u c t u r e s ,  and th e  
c o s t  o f  a  v e r t i c a l  s t r u c tu r e  in c re a s e s  r a p id ly  w ith  h e ig h t .

S p e c ia l  re q u ire m e n ts  f o r  th e  h o r iz o n ta l  r a d ia t io n  p a t t e r n  le a d  to  
m u lti-e le m e n t an ten n a  a rrangem en ts  and th e r e f o r e  to  th e  u se  o f  more 
e x te n s iv e  s i t e s .

The c o s t  o f  any an ten n a  d e s ig n  w i l l  be low er a t  th e  h ig h e r -  
freq u en cy  end o f  band 6 . L ocal w e a th e r t c o n d it io n s  w i l l  be an im p o rtan t 
f a c to r  in f lu e n c in g  th e  c o s t .

5*3 R e la t iv e  m e r i ts  o f  an ten n ae  w ith  h o r iz o n ta l  and v e r t i c a l  r a d ia t in g  e lem en ts

A c o n v e n tio n a l v e r t i c a l  t r a n s m i t t in g  an ten n a  w i l l  p ro v id e  a 
u s e f u l  ground-w ave s e rv ic e  f o r  a  l im i te d  range  and a  sky-wave s e r v ic e  a t  
n ig h t  a t  g r e a t e r  ra n g e s . A t an in te rm e d ia te  ran g e  th e r e  i s  a  zone w here 
fa d in g  i s  more se v e re  because  th e  g ro u n d - and sky-wave f i e l d  s t r e n g th s  
a r e  n e a r ly  e q u a l .

The u se  o f  a  h o r iz o n ta l  r a d ia t in g  e lem en t o r  an  a r r a y  o f  such  
e le m e n ts , w hich i s  p r a c t i c a b l e  in  band 6 (MF), h a s  c e r t a in  ad v an tag es  
when th e  main pu rp o se  i s  to  p ro v id e  a  n ig h t - t im e ,  sky-wave s e r v ic e ,  b u t  
i t  i s  n o t  s u i t a b le  f o r  p ro v id in g  a  d ay -tim e  s e rv ic e  by ground-w ave.

The main advan tage  i s  t h a t  i t  can be d es ig n ed  to  p ro v id e  a  n e a r ly  
c o n s ta n t  sky-w ave f i e l d - s t r e n g t h  from  th e  t r a n s m i t t e r  o u t to  th e  edge o f  
th e  s e r v ic e  a r e a .  The d e s ig n  may p ro v id e  f o r  a  s e r v ic e  range  up to  th e  
f e a s ib l e  maximum (ab o u t 1 ,000  km) o r  may be d es ig n ed  fo r  a  more 
l im i te d  s e r v ic e  range  ( e . g . ,  ab o u t 500 km). N e v e r th e le s s ,  v e ry  c lo se  
to  th e  t r a n s m i t t e r  (w ith in  a few k ilo m e tre s )  th e r e  may be d e g ra d a tio n  o f '
Q u a l i ty  b ecau se  o f  in t e r f e r e n c e  betw een th e  sm a ll u n av o id ab le  ground-w ave 
and th e  sky-w ave. I f  t h i s  a re a  i s  r e q u ire d  to  have a  good s e r v ic e ,  a  
sm a ll ’’f i l l - i n "  t r a n s m i t t e r  u s in g  a d i f f e r e n t  freq u en cy  and v e r t i c a l  
P o la r i z a t i o n  may be n e c e s s a ry .

C a lc u la t io n s  w hich ta k e  acc o u n t o f th e  d i f f e r i n g  d i r e c t i v i t i e s  
snd  p o la r i z a t io n - c o u p l in g  lo s s e s  f o r  th e  ca se  o f a  s in g le  h o rizo n ta l_ _
d ip o le  in  p la c e  o f  a  s h o r t  v e r t i c a l  a n te n n a  have been  p re s e n te d  ^  Suzuki e t  a l , I 974J 7 . 
Ih e  im portance  i s  s t r e s s e d  o f a llo w in g  f o r  th e  e f f e c t s  o f  im p e rfe c t ground 
c o n d u c t iv i ty ,  w hich n o t  on ly  red u ce s  th e  lo w -an g le  r a d i a t i o n  from v e r t i c a l
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an tennae  b u t a l s o  In c re a s e s  th e  lo w -an g le  r a d ia t io n  from  h o r iz o n ta l  
an ten n ae  i n  c e r t a in  d i r e c t i o n s .  In  th e  l a t t e r  c o n te x t ,  th e  re d u c t io n  o f  
co -ch an n e l in te r f e r e n c e  from lo w -an g le  p ro p a g a tio n  modes e x p ec ted  from  
th e  u se  o f  a  h o r iz o n ta l  t r a n s m i t t in g  a n te n n a , i f  u sed  in  p la c e  o f  a  
v e r t i c a l  a n te n n a , may be o v e r -e s tim a te d  by a s  much a s  20 dB i f  p e r f e c t l y  
co n d u c tin g  ground i s  assumed when in  p r a c t i c e  th e  ground c o n d u c t iv i ty  i s  
p o o r.

The r e s u l t s  o f  th e  t h e o r e t i c a l  s tu d ie s  ^  B .B .C ., 1 9 7 2 V  show t h a t ,  fo r  a 
g iv e n  t r a n s m i t t e r  pow er, w here r e f l e c t i o n s  a re  c o n fin e d  t o  th e  E R egion , 
th e  u se  o f  a  h o r iz o n ta l  d ip o le  in  p la c e  o f  a  s h o r t  v e r t i c a l  a n ten n a  can  
red u ce  th e  l e v e l  o f  co -ch an n e l in t e r f e r e n c e  by 10 to  15  dB f o r  ty p i c a l  
ground c h a r a c t e r i s t i c s .  More r e c e n t  s tu d ie s  and p r a c t i c a l  m easurem ents 
a t  te m p e ra te  l a t i t u d e s  h ave , how ever, shofwn t h a t  f o r  f re q u e n c ie s  and tim e s  
a t  w hich h ig h -a n g le  F Region r e f l e c t i o n s  occu r, th e  ad v an tag e  i s  much 
red u ce d , because  o f  th e  s tro n g  e x c i t a t io n  o f  m u lti-h o p  p ro p a g a tio n  modes.

A d isa d v a n ta g e  o f  th e  u se  o f  a  h o r iz o n ta l  a n ten n a  i s  t h a t  i t  i s  - 
n e c e s s a ry  to  change o v er to  a  v e r t i c a l  an ten n a  f o r  d ay -tim e  s e r v ic e ,  b u t 
in  g e n e ra l ,  a  com parable a re a  o f  s e r v ic e  may n o t  be o b ta in e d  w ith o u t th e  
u se  o f  many t r a n s m i t t e r s .  H ere a l s o  th e re  i s  a  problem  o f  ch an g e -o v er a s  
d is c u s s e d  a l re a d y  u n d e r § J>. A no ther d isa d v a n ta g e  i s  t h a t  th e  c o s t  o f  
t r a n s m i t t in g  a n te n n a  may be la r g e ,  p a r t i c u l a r l y  f o r  th e  low er f re q u e n c ie s  
in  band  6 .

In  g e n e ra l ,  i t  w i l l  be n e c e s s a ry  t o  l i m i t  th e  r a d ia te d  power to  
s u i t a b le  v a lu e s  a s  a  fu n c tio n  o f  th e  a n g le  in  th e  v e r t i c a l  p la n e , to  av o id  
c a u s in g  s e r io u s  io n o s p h e r ic  c ro s s -m o d u la t io n . (See R eport 4 6 0 -1 .)
T h is  re q u ire m e n t may be more d i f f i c u l t  to  f u l f i l  w ith  h o r iz o n ta l  a n ten n a  
sy stem s th a n  f o r  a v e r t i c a l  a n te n n a .

I t  h as  r e c e n t ly  been su g g e s te d  t h a t  a  h o r iz o n ta l  an ten n a  sh o u ld  
c o n s i s t  o f  one o r  more p a i r s  o f  c ro s se d  d ip o le s  a p p r o p r ia te ly  fed  to  
t r a n s m it  e l l i p t i c a l l y - p o l a r i z e d  waves in  th e  w anted d i r e c t io n s  and so  a s  to  
e x c i te  th e  o rd in a ry  wave more s t r o n g ly  th a n  th e  e x t r a o rd in a ry  wave. The 
main ad v an tag e  o v e r a system  r a d i a t i n g  l i n e a r l y  p o la r iz e d  waves i s  t h a t  
s in c e  io n o s p h e r ic  c ro s s -m o d u la tio n  i s  caused  m ain ly  by th e  e x t ra o rd in a ry  
wave, l e s s  c ro s s -m o d u la tio n  sho u ld  in  th e o ry  r e s u l t  f o r  a  g iv e n  t r a n s m i t t e r  
pow er. A f u r t h e r  ad v an tage  would be a  r e d u c t io n  o f  p o la r i z a t io n  c o u p lin g  
l o s s .

In  c o n c lu s io n , i t  can be s t a t e d  t h a t  v e r t i c a l  r a d ia t io n  from 
h o r iz o n ta l ly - p o la r iz e d  an tennae  can be v a lu a b le  in  c e r t a i n  s p e c ia l  c a s e s .
I t s  g e n e ra l in t r o d u c t io n  in to  a  f re q u e n c y -a ss ig n m e n t p la n , how ever, 
can n o t be recommended on th e  b a s is  o f  th e  in fo rm a tio n  a v a i la b le  now, a s  
a  means o f  o b ta in in g  a  h ig h e r  d e n s i ty  o f  a s s ig n m e n ts .
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Measurements have been carried out in Poland to compare the 
effectiveness of vertical and horizontal polarization for ground-wave 
coverage using frequencies in the upper part of the .band 6 (MF).
Measurements were made at distances of up to 20 km from the transmitter, 
the transmission paths being over built-up areas as distinct from open 
country, and the results indicate that the attenuation of horizontally 
polarized waves appears to be considerably less than would be expected from th£ 
th e o ry  o f  ground-w ave p ro p a g a tio n  over a  smooth E a rth  J_ S iczek  and S ta s ie r s k i_ _ / .

5,4 Low-power stations
The purpose of low-power transmitters i8 to cover limited areas, 

such as towns, where the field-strength of the main transmitters is 
insufficient, or possibly for the transmission of local programme s'.

For an efficient service these stations must be included in the 
plan. It seems that in practice they can only operate with a protected 
field-strength well above that of other stations (in particular at night).

Apart from low-power transmitters which are part of a synchronized 
network (see • 5.1)» these transmitters may use :

- either channels allocated to transmitters of different powers;
-  o r  one o r  s e v e ra l  s p e c ia l  ch an n e ls  ( fo rm e rly  c a l l e d  I n te r n a t io n a l  Common

F re q u e n c ie s  (ICFs ) ) .
In the first case, the sites of the stations and their other 

characteristics must be clearly determined in the plan, and any later 
addition would be dangerous. In the second case, it would be sufficient 
to state-the geographical areas where these transmitters may be sited 
(taking account of adjacent-channel interference) and, in addition, to 
indicate the number of transmitters per area and the maximum power which 
may be used.

S tu d ie s  a lre a d y  made show th a t  th e  p re s e n t  number o f  ICFs (tw o) i s  q u i te  
i n s u f f i c i e n t ,  and t h a t  a t o t a l  o f  f iv e  to  te n  would be p r e f e r a b le .

From a technical point of view, these transmitters would be more’ 
efficient if their frequencies were in the lower part of band 6 , b u t 
in practice some of them would no doubt have to use channels throughout 
the spectrum. Moreover, the maximum power admissible and the number of 
low-power transmitters depend on the frequency / L a ri and Moro, 1971_7.



-  1 3 5  -

REFERENCES

B.B.C. /  1972 /  .R esearch R eport No. 1972/21 : MF p ro p a g a tio n  : th e  re d u c t io n  
o f  in t e r f e r e n c e  b y 'th e  u se  o f  h o r iz o n ta l - d ip o le  t r a n s m i t t in g  a e r i a l s .

LARI, G. and MORO, G. j_ O ctober 1 9 7 1 _ /, Low-power MF b ro a d c a s t in g  
t r a n s m i t t e r s  in  th e  European B ro a d c a s tin g  A rea.’ 'E.B .U . Review ,
P a r t  A, T e c h n ic a l ,  129* 205-213

SICZEK, S . ,  STASIERSKI, L . ,  Porow nanie sk u te c z n o sc i nadaw ania z 
p o la ry z a c ja ,  pionowa i  poziom a (Com parison betw een e f f e c t iv e n e s s  
o f  v e r t i c a l  and h o r iz o n ta l  t r a n s m i t t in g  a n te n n a e ) . P race  I n s ty tu t u  
^ a g z n o sc i, ( in  co u rse  o f  p u b l ic a t io n )

SUZUKI, Yoshio e t  a l  /  J a n u a ry  197*h_/, In f lu e n c e  o f  p ro p a g a tio n  cu rves 
on th e  coverage f a c t o r .  NHK L a b o ra to r ie s  N o te , S e r i a l  No. 178

BIBLIOGRAPHY

E.B.U . May 197^__/, T e c h n ic a l p a ram e te rs  f o r  LF/MF b ro a d c a s t in g .
Doc. Tech. No. 3206

C.C.I.R. /~ 1 9 7 1 -1 9 7 W J Doc. 10 /1 8 7 , United Kingdom

C.C.I.R. r 1971-197\_7 , Doc. 1 0 /2 5 2 , E.B.U.

C.C.I.R. £ ~ 1971-197it_7, Doc. 10 /2 7 1 , Poland (People’s Republic of)

Annexes : 3



-  1 3 6  -

ANNEX I

APPROXIMATE DAY-TIME SERVICE RANGES

D ay-tim e s e rv ic e  ranges have been c a lc u la te d  in  th e  absence o f 
in te r f e r e n c e  from unwanted t r a n s m i t t e r s  by u s in g  th e  p ro p ag a tio n  curves 
g iv en  in  Recommendation 3d8 -2 . For th e  l i m i t a t i o n  o f  th e  s e rv ic e  ran g es  
t e n t a t i v e  v a lu e s  o f  th e  minimum f i e l d  s t r e n g th  have been assumed :

2 .2  mV/m {67  dB . (p,V/m)) f o r  th e  low er t h i r d  o f
band 6 (MF) (525 kHz to  900 kHz a p p ro x im a te ly )

0 .8  mV/m (58  <iB (nV/m)) f o r  th e  u p p er t h i r d  o f
band 6 (MF) ( l  250. ..kH2, ^app rox im ate ly , to  1 605 kHz)

Three v a lu es  o f  ground c o n d u c tiv ity  a re  assumed :

-  good c o n d u c tiv ity  (a  = 10 x  10 ^ vS/m).^.,

-  average ” (a  = 3 x 10 ^

-  poor " (a  = 1 1  10 ^ J?/m)__.

When c o n s id e r in g  th e  f ig u re s  so o b ta in e d , i t  shou ld  be borne in  mind th a t  
th e  average s i tu a t io n  o f  t r a n s m it t in g  s i t e s  in  many c o u n tr ie s  by no means 
co rresponds to  a ground c o n d u c tiv ity  o f  a -  3*10 ?  .S/m ; m oreover, th e  
f a c t  t h a t  many such s i t e s  a re  s i tu a te d  on h i l l y  o r  m ountainous t e r r a i n
would norm ally  le a d  to  s e rv ic e  ranges below th e  f ig u re s  quoted  in  th e
fo llo w in g  s e c t io n s .  ^

The r a d ia te d  power in  th e  h o r iz o n ta l  p la n e  i s  assumed to  be
500 kW.

TABLE I I I

S e rv ic e  range (km)
Frequency (kHz) 0 = 1 a  = 3

01—1110

Lower t h i r d  o f  band 6

525 180 310

900 80 130

Upper t h i r d  o f  band 6

1 250 105 180

1 605 60 90
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APPROXIMATE NIGHT-TIME SERVICE RANGES

The fo llo w in g  assum ptions a re  made f o r  th e  c a lc u la t io n  o f  th e  
n ig h t- t im e  s e rv ic e  ranges :

-  two t r a n s m i t t e r s  on th e  same frequency  a t  a d is ta n c e  o f  
3 ,5 0 0  km and r a d ia t in g  th e  same pow er, t h i s  power b e in g  such 
t h a t  th e  m u tu a lly  caused  in te r f e r e n c e  i s  th e  on ly  f a c to r  
d e te rm in in g  th e  s e rv ic e  ran g e* ; th e  in t e r f e r e n c e  between
th e  ground-wave o f  th e  w anted t r a n s m i t t e r  and i t s  own sky-wave 
has been ig n o re d ;

-  ground-wave p ro p ag a tio n  acco rd in g  to  Recommendation 368-2;
-3

-  ground c o n d u c tiv ity  : a = 3x10 S/m; 

sky-wave p ro p ag a tio n  acco rd in g  to  R eport 261+-3;

-  p ro te c t io n  r a t i o  : 27 dB, 33 dB, and 1+0 dB.

TABLE IV

P ro te c t io n  r a t i o  
(dB)

S e rv ic e  range  
(km)

525 kHz 1 605 kHz

Ground-wave s e rv ic e

27 170 90

33 135 70

1+0 95 55

Sky-wave s e rv ic e

27 635 850

33 1+20 660

1+0 < 300 ( ! ) 1+50

U ) The C .C .I .R . cu rves a re  n o t v a l id  f o r  d is ta n c e s  l e s s  th a n  300 km.

* The t r e n d  shown in  T ab le IV a ls o  ap p ea rs  fo r  o th e r  case s  o f  
in te r f e r e n c e  (more th a n  two t r a n s m i t t e r s ,  d i f f e r e n t  d i s ta n c e s ,  
e t c .  ).
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COVERAGE OBTAINED FROM SYNCHRONIZED TRANSMITTERS

T ab le  V shows th e  r e s u l t  o f  s tu d ie s  where th e  d ay -tim e  and n ig h t ­
tim e  coverage o f  e x i s t in g  groups o f  sy n ch ro n ize d  t r a n s m i t t e r s  were compared
w ith  th e  coverage th a t  would have been o b ta in e d  by a h y p o th e t ic a l  s in g le  
t r a n s m i t t e r  s u i ta b ly  p la c e d  and hav ing  a  t o t a l  power e q u iv a le n t  to  th e  t o t a l
power o f  th e  sy n ch ro n ize d  g roup .

TABLE V

R a tio  o f  th e  coverage o b ta in e d  by a  synch ro n ized  

group o f  t r a n s m i t t e r s  and a  s in g le  t r a n s m i t t e r

O rig in Frequency
(kHz)

Number o f  
t r a n s ­
m i t t e r s

T o ta l
power
(kW)

Coverage r a t i o

Day N ight

S u rface P op u la ­
t i o n S u rface P opula­

t i o n

O .R .F . 1 025 k 300 1.U5 1 .68 1 .8 3

B B.C. 1 2lU 16 270 1 .2 6
3 .2  t 1 ) 
3 .0  <2 )

RAI 1 367 1U 85 2 .12 3.8U
1 .3 9 (3 )  
1 .1 8 ( U) 
0 .8 1 (5 )

6 .2U (3) 
7 -3 9 (U) 

1 7 .7 1 (5 )

(1 ) In c lu d in g  in te r f e r e n c e  from  t r a n s m i t t e r s  n o t b e lo n g in g  to  th e  
sy n ch ro n ize d  g roup .

2 . •( ) I n te r f e r e n c e  betw een th e  t r a n s m i t t e r s  o f  th e  sy n ch ro n ized  group o n ly .

(^ )  C o-channel p r o te c t io n  r a t i o  20 dB a g a in s t  t r a n s m i t t e r s  n o t b e lo n g in g  
to  th e  sy n ch ro n ize d  g roup .

(**) C o-channel p r o te c t io n  r a t i o  25 dB a g a in s t  t r a n s m i t t e r s  n o t b e lo n g in g  
to  th e  sy n ch ro n ized  g roup .

(^ ) C o-channel p r o te c t io n  r a t i o  *i0 dB a g a in s t  t r a n s m i t t e r s  n o t b e lo n g in g  
to  th e  sy n ch ro n ized  g roup .
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CHARACTERISTICS OF SOUND BROADCASTING RECEIVERS.

AND RECEIVING ANTENNAE

P r in c ip a l  c h a r a c t e r i s t i c s  f o r  freq u en cy  p la n n in g  pu rp o ses  

(S tudy  Programme 36>A/lO)

(197U)

I n tro d u c t io n

Many c h a r a c t e r i s t i c s  o f  sound b ro a d c a s tin g  r e c e iv e r s  and an ten n ae  
nay be d e f in e d  to g e th e r  w ith  methods o f  measurem ent and l im i t in g  v a lu e s  b u t 
o n ly  th o se  concerned  w ith  freq u en cy  p la n n in g  a re  o f  i n t e r e s t  to  th e  C .C .I .R . 
C e r ta in  a s p e c ts  o f  th e s e  c h a r a c t e r i s t i c s  a re  t r e a t e d  in  numerous Recommendations 
and R ep o rts  (s e e  Recommendations 237“1 , 239“1 , 331- 3 , 3 3 2 -3 , 333, 331+-2,
1+12-1, 1+13-3, 1+15, 1+16, 1+1+7, UU8-1, 1+1+9-2; R ep o rts  18 I+-2 , 185 - 2 , 1 8 6 -2 , 1 8 8 -1 , 
1 8 9 , 1 9 0 -1 , 1 9 2 -1 , 1 9 3 -1 , 2 9 8 -3 , 300 -3 , 302, 328, 330 , 399 -2 , U05 - 2 , l+58- l ,  
1+59-1, 1+61+-1). Many o f  th e  c o n te n ts  o f th e s e  Recommendations and R ep o rts  have 
been re n d e re d  o b s o le te  by changes in  r e c e iv e r  d e s ig n  te c h n iq u e s .  F u rth e rm o re , 
th e  d a ta  on some r e c e iv e r  c h a r a c t e r i s t i c s  i s  p re s e n te d  in  th e  form  o f  maximum, 
mean and minimum v a lu e s  f o r  a  w ide range  o f  d e s ig n s .

T his R eport l i s t s  th e  c h a r a c t e r i s t i c s  o f  sound b ro a d c a s t in g  r e c e iv e r s  
and an ten n ae  n e c e ssa ry  f o r  freq u en cy  p la n n in g  work w ith  a p p ro p r ia te  r e fe re n c e s  
where d e f i n i t i o n s ,  methods o f  m easurem ent and l i m i t s  come w ith in  th e  scope 
o f  o th e r  in t e r n a t i o n a l  o rg a n iz a tio n s  such as th e  IEC and CISPR.

C a te g o rie s  o f  r e c e iv e r s

A p la n n in g  co n fe ren ce  sho u ld  ta k e  in to  c o n s id e ra t io n  th e  c a te g o ry
o f  r e c e iv e r  w hich w i l l  be u sed  f o r  th e  system  o f  b ro a d c a s t in g  s e r v ic e  en v isa g e d .

D ata c o l le c te d  in  accordance w ith  t h i s  R eport sho u ld  r e l a t e  o n ly  to
th e  mean v a lu e s  o f  th e  c h a r a c t e r i s t i c s  f o r  r e c e iv e r s  t h a t  a re  ty p i c a l  o f  good,
c u r re n t  e n g in e e r in g  p r a c t ic e  in  th e  c o u n try  conce rned . T h is  i s  to  av o id  undue 
in f lu e n c e  b e in g  e x e r te d  on f u tu r e  p la n n in g  s ta n d a rd s  by r e c e iv e r  d e s ig n s  a t  
th e  extrem e upper and low er ends o f  th e  perform ance ra n g e .

^Adopted unanim ously



-  l i+O -

A r e f e r e n c e  r e c e iv e r  cou ld  be d e f in e d  ta k in g  in to  accoun t th e  mean
v a lu e s .

3 . T e c h n ic a l c h a r a c t e r i s t i c s

3 .1  A ntennae 

F requency -m odu la tion  r e c e p t io n

The v a lu e s  o f an ten n a  c h a r a c t e r i s t i c s  c o n ta in e d  in  Recommendation 1+19 
and R eport 122-2 r e l a t e  to  an ten n ae  in  s i t u .  Only d a ta  r e l a t i n g  to  d i r e c t i v i t y ,  
fo rw ard  g a in  and c r o s s - p o la r i z a t io n  p r o te c t io n  o f  an ten n ae  t e s t e d  under id e a l iz e d  
c o n d itio n s  need be re c o rd e d .

D e f in i t io n s  and m ethods o f  m easurem ent a re  c o n ta in e d  in  IEC 
P u b lic a t io n  138.

A m plitude-m odu lation  r e c e p t io n

No c h a r a c t e r i s t i c s  a re  su g g es ted  f o r  a n ten n a  sy stem s.

N o te . -  ie c  P u b l ic a t io n  315-lA  d e s c r ib e s  m ethods o f  c o u p lin g  s ig n a ls  in to  
m agnetic  an ten n ae  f o r  m easurem ents on b o th  am p litu d e -m o d u la tio n  and f re q u e n c y -  
m o d u la tio n  r e c e iv e r s .

3 .2  S e l e c t i v i t y

3 .2 .1  P a s sb a n d a n d  a t te n u a t io n  s lo p e

D e f in i t io n  and method o f  m easurem ent

For th e  a m p litu d e -m o d u la tio n  b ro a d c a s t in g  bands see  IEC 
P u b l ic a t io n  315“ 3 , c la u s e s  1 5 , 17> 18  and 19 ; th e  v a lu e  o f  th e  p a ra m e te r  
"a" b e in g  f ix e d  a t  6 dB. T h is  r e f e r s  to  s in g le - s ig n a l  m easurem ent, th e  
r e s u l t s  o f  w hich can e a s i l y  be t r a n s f e r r e d ,  g r a p h ic a l ly  o r  n u m e ric a l ly ,  
to  ra d io - f re q u e n c y  p r o te c t io n  r a t i o  v a lu e s  ( s e e  c la u se  3.U) by th e  tw o- 
s ig n a l  m ethods d e s c r ib e d  in  R eport 399“2 .

A tw o -s ig n a l  m easuring  m ethod i s  a l s o  m en tioned  in  c la u s e  16 o f  
IEC P u b l ic a t io n  315-3 .

For f re q u e n c y -m o d u la tio n  b ro a d c a s t in g  in  band 8 (VHF): see  IEC
P u b l ic a t io n  315“ ^* c la u s e s  . . .

* IEC P u b l ic a t io n  315*“̂  i s  in  p r e p a r a t io n
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3 .2 .2  In te rm e d ia te - f re q u e n c y  r e j e c t i o n  r a t i o

T his c h a r a c t e r i s t i c  i s  o f  i n t e r e s t  to  am p litu d e -m o d u la tio n
b ro a d c a s t in g .

D e f in i t io n  : IEC P u b lic a t io n  315~3S c la u se  2k

Method o f  m easurem ent

The s in g le  s ig n a l  method d e sc r ib e d  in  c la u se  25 o f  th e  same p u b l i c a t io n .

P re s e n ta t io n  o f  r e s u l t s

From th e  g raphs o b ta in e d  acco rd in g  to  c la u se  27 o f  th e  same p u b l ic a t io n  
o n ly  th e  w o rst f ig u r e  in  each b ro a d c a s t in g  band i s  re c o rd e d .

3 .2 3  Image r e j e c t i o n  r a t i o

D e f in i t io n  : IEC P u b lic a t io n s  315_3 fo r  am p litude  m odu la tion  and 
315“^* f o r  freq u en cy  m o d u la tio n .

Method o f  measurem ent

For th e  am p litu d e -m o d u la tio n  bands th e  s in g le - s ig n a l  method d e s c r ib e d  
in  IEC P u b lic a t io n  315~3 i s  u sed .

For freq u en cy -m o d u la tio n  b ro a d c a s t in g  in  band 8 (VHF) i t  i s  
n e c e ssa ry  to  u se  a  tw o -s ig n a l  m ethod as d e s c r ib e d  in  IEC P u b lic a t io n  
315-1+*.

P re s e n ta t io n  o f  r e s u l t s

From th e  g raphs o b ta in e d  acc o rd in g  to  IEC P u b lic a t io n s  315~3 
and 315” ^*» o n ly  th e  w o rst f ig u r e  in  each  b ro a d c a s t in g  band i s  r e ta in e d .

3 . 2 . h  In te rm e d ia te - f re q u e n c y  v a lu e s

The main f a c to r s  d e te rm in in g  th e  in t e r f e r e n c e  in  r e c e iv e r s  a re  :
The v a lu e  o f  image and in te rm e d ia te - f re q u e n c y  r e j e c t i o n  r a t i o  and th e  
p ro d u c tio n  o f  harm onics o f  th e  in te rm e d ia te  freq u en cy  a n d /o r  th e  o s c i l l a t o r  
freq u en cy .

I t  i s  n e c e ssa ry  to  choose th e  v a lu e  o f  th e  in te rm e d ia te  freq u en cy  
c a r e f u l ly  to  m inim ize th e  r i s k  o f  in te r f e r e n c e  w ith o u t undu ly  in c re a s in g  
th e  c o s t  o f  th e  r e c e iv e r .

IEC P u b l ic a t io n  315_i+ i s  in  p re p a ra t io n
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A m p litude-m odu la tion  r e c e iv e r

No s in g le  v a lu e  o f  in te rm e d ia te  fre q u e n c y  i s ,  a t  p r e s e n t ,  s a t i s f a c t o r y  
fo r  th e  w hole E uropean a r e a ,

N e v e r th e le s s ,  s tu d ie s  have shown th a t  when a  fre q u e n c y  p la n  i s  
"being e s ta b l i s h e d  f o r  a  l a r g e  a r e a ,  two v a lu e s  o f  in te rm e d ia te  freq u en cy  
may be recommended to  m inim ize in t e r f e r e n c e  and to  p e rm it a l l  a v a i la b le  
ch an n e ls  to  be u se d .

F in a l ly ,  any f u tu r e  p la n  m ust ta k e  in to  acco u n t c o m p a t ib i l i ty  w ith  
e x i s t in g  r e c e iv e r s .

Annex I I  o f  Doc. 10/273 (F ra n c e ) ,  1970"*1974, g iv e s  a d d i t io n a l  
in fo rm a tio n  on th e  d e te rm in a tio n  o f  in te rm e d ia te  freq u en cy  (se e  Docs.
10/186 (U n ited  Kingdom), and 1 0 /2 7 2 , 1 0 /2 7 3 , 10/27*1, 1 0 /2 7 5 , 1 0 /2 7 6 ,
10/277 (F ra n c e ) ,  1970-197*+ )•

The fo llo w in g  t a b l e  g iv e s  some o f  th e  in te rm e d ia te  f re q u e n c ie s  used  
a t  p r e s e n t  and sh o u ld  be com ple ted .

Country
O s c i l l a t o r 1 nteriredlate frequency (kHz)

O b servationp o s i t io n 1 2 5

France High *155 480

U n ited
Kingdom

High 460

German
Democratic
R epu blic

High 455 468

Japan High 455

A tte n t io n  i s  drawn to  R eport *+58-1 w hich p ro p o ses  t h a t  th e  
in te rm e d ia te  freq u en cy  sh o u ld  be chosen as an i n t e g r a l  m u l t ip le  o f  th e  
freq u en cy  s e p a r a t io n  betw een c a r r i e r s .

F requ en cy -m o d u la tio n  r e c e iv e r

For t h i s  ty p e  o f  r e c e iv e r  a  v a lu e  o f  1 0 .7  Mhz i s  u s u a l .
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3 .3  S e n s i t i v i t y

3 .3*1  D e f in i t io n

For p la n n in g  p u rp o se s , th e  word ’’s e n s i t i v i t y "  covers th e  maximum 
u s a b le  s e n s i t i v i t y ,  w hich i s  u n d e rs to o d  as  n o is e  l im i te d  s e n s i t i v i t y ,  as 
d e f in e d  f o r  am p litu d e  m o d u la tio n  in  IEC P u b lic a t io n  31 5 -3 , c la u se  72 . 
and f o r  freq u en cy  m odu la tion  in  IEC P u b lic a t io n  315^4*. T h is  r e f e r s  to  
a  chosen v a lu e  o f  a u d io -fre q u e n c y  s ig n a l - to - n o is e  r a t i o  w hich i s  d e f in e d  in  
IEC P u b lic a t io n  315~3*

S e n s i t i v i t y  sh o u ld  be p re s e n te d  as a s in g le  mean f ig u r e  f o r  each 
b ro a d c a s t in g  ban d , from  w hich th e  minimum u s a b le  f i e l d  s t r e n g th  may be 
c a lc u la te d .

O ther l i m i t a t i o n s  may be s i g n i f i c a n t ,  f o r  exam ple, im p u ls iv e  n o is e ,  
g a l a c t i c  n o is e ,  a tm o sp h eric  n o is e ,  man^aade n o is e ,  e t c . ,  depending  on th e  
lo c a t io n  and on th e  r e c e iv in g  an ten n a  u sed .

3 .3 .2  C o n d itio n s  o f  measurem ent

A ccord ing  to  IEC P u b lic a t io n s  315~3 f o r  am p litude  m odu la tion  and 
315“4* f o r  freq u en cy  m o d u la tio n .

No s p e c i f i c  s ig n a l - to - n o is e  r a t i o  i s  s ta n d a rd iz e d  a t  t h i s  moment, 
b u t a  ch o ice  may be made f o r  th e  ty p e  o f  r e c e iv e r  b e in g  c o n s id e re d .

The fo llo w in g  p a ram e te rs  a re  su g g es ted  :

-  a u d io -fre q u e n c y  s ig n a l - to - n o is e  r a t i o  : 26 dB f o r  am p litu d e-m o d u la tio n

30 dB f o r  freq u en cy -m o d u la tio n

-  o u tp u t power : 50 mW.

3 .4  R ad io -freq u en cy  p r o te c t io n  r a t i o s  

G eneral

R ad io -freq u en cy  p r o te c t io n  r a t i o * * , as a p a ram e te r f o r  freq u en cy  
p la n n in g , i s  d e f in e d  as th e  ra d io - f re q u e n c y  w a n te d - to - in te r f e r in g  
s ig n a l  r a t i o  a t  th e  r e c e iv e r  in p u t ,  p ro d u c in g  a  s p e c i f i e d  g rad e  o f  sound 
im pairm en t. I t  w i l l  depend , amongst o th e r  th in g s ,  on th e  n a tu re  o f  th e  
w anted s ig n a l  (m odu la tion  c h a r a c t e r i s t i c s ,  freq u en cy  d e v ia t io n ,  e t c . ) ,  on 
th e  ty p e  o f  i n t e r f e r i n g  s ig n a l  (AM, FM, CW, e t c . )  and t h e i r  freq u en cy  
s e p a r a t io n .  The in fo rm a tio n  sho u ld  be p re s e n te d  in  th e  form o f  g raphs showing

* IEC P u b lic a t io n  315"4 i s  in  p re p a ra t io n

** See Recommendation 447 w hich a p p l ie s  to  am p litude  m o d u la tio n  and 
Recommendation 412-1 w hich a p p l ie s  to  freq u en cy  m o d u la tio n .
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th e  p r o te c t io n  r a t i o ,  f o r  i n t e r f e r e n c e  a s s e s s e d  as  G rade 4 im p a irm en t* , 
i . e .  p e r c e p t i b l e ,  b u t. n o t an n o y in g , as a  f u n c t io n  o f  fre q u e n c y  s e p a r a t io n  betw een  
th e  w anted  and unw anted s ig n a l s  f o r  each  ty p e  o f  unw anted s ig n a l .  I f  th e  
p r o te c t io n  r a t i o  v a r i e s  w ith  th e  w anted  s ig n a l  l e v e l  (due to  n o n - l i n e a r i t y  in  
th e  in p u t s ta g e s  o f  th e  r e c e i v e r ) ,  t h i s  sh o u ld  be in d i c a te d .  F o r fre q u e n c y  
p la n n in g  p u rp o se s  th e  p r o te c t io n  r a t i o  f ig u r e s  o b ta in e d ,  f o r  Grade 4 
im pairm ent*  w ould need  to  be  m o d ifie d  to  ta k e  acc o u n t o f  th e  g ra d e  o f  
im pairm en t t h a t  can be  t o l e r a t e d ,  b e a r in g  in  mind th e  p e rc e n ta g e  o f  th e  tim e  
th e  im pairm en t can b e  s u f f e r e d .  F o r t h i s  p u rp o s e , a d d i t io n a l  o b s e rv a t io n s  f o r  
more th a n  one g rad e  o f  im pairm en t w ould be  v a lu a b le .

"U sab le  f i e l d  s t r e n g th "  and " s e r v ic e  a re a "  a re  d e f in e d  in  
Recommendation 499*

F req u en cy -m o d u la tio n  r e c e iv e r s

The ra d io - f r e q u e n c y  p r o te c t io n  r a t i o  g rap h s  sh o u ld  co v er fre q u e n c y  
s e p a r a t io n s  from  ze ro  to  400 kHz above and below  th e  w anted  s ig n a l  f re q u e n c y .

I t  sh o u ld  be n o te d  t h a t  p r o te c t io n  r a t i o  i s  o n ly  d i r e c t l y  r e l a t e d  to  
im pairm ent g ra d e  u n d er l i n e a r  c o n d i t io n s .  For exam ple , w hereas a  6 dB 
in c r e a s e  in  th e  l e v e l  o f  an unw anted c o -c h a n n e l s ig n a l  may r e s u l t  i n  an 
im pairm ent a sse ssm e n t t h a t  i s  n u m e ric a l ly  one g rad e  s m a l le r ,  a  s im i l a r  in c re a s e  
in  th e  l e v e l  o f  an a d ja c e n t  ch an n e l i n t e r f e r i n g  s ig n a l  may low er th e  im pairm en t 
g ra d in g  by more th a n  one g ra d e . To c o n v e r t a  p r o te c t io n  r a t i o  b a se d  on G rade 4 
im pairm ent*  to  t h a t  f o r  a  low er g rad e  i t  i s  n e c e s s a ry  to  d e f in e  t h i s  r e l a t i o n s h i p .  
T h is  can b e  done by making o b s e rv a t io n s  a t  l e v e l s  o f  im pairm en t o th e r  th a n  t h a t  o f  
Grade 4.

A m p litu d e -m o d u la tio n  r e c e iv e r s

R a d io -fre q u e n c y  p r o te c t io n  r a t i o  f o r  a m p litu d e -m o d u la tio n  r e c e iv e r s  
em ploying an  e x t e r n a l  a n te n n a  i s  d e f in e d  in  te rm s o f  th e  w a n te d - t o - in te r f e r in g  
s ig n a l  r a t i o  a t  th e  r e c e iv e r  in p u t te r m in a l s .  However, f o r  r e c e iv e r s  
em ploying b u i l t - i n  m ag n e tic  a n te n n a e , th e  p r o te c t io n  r a t i o  i s  more c o n v e n ie n tly  
e x p re s se d  in  te rm s o f  th e  r a t i o  o f  w a n te d - to - in te r f e r in g  f i e l d  s t r e n g t h  r e q u i r e d  
to  p ro d u ce  a  s p e c i f i e d  g ra d e  o f  sound im p a irm en t. The p r o t e c t io n  r a t i o  w i l l  
depend , am ongst o th e r  t h i n g s ,  on th e  d e p th  o f  m o d u la tio n , th e  programme 
m a te r ia l  o f  b o th  s i g n a l s , th e  e x te n t  o f  any a u d io -f re q u e n c y  bandw id th  
r e s t r i c t i o n ,  th e  d e g re e  o f  com pression  a p p l ie d  a t  th e  t r a n s m i t t e r  and th e  
fre q u e n c y  sp a c in g  betw een  w anted  and unw anted s i g n a l s .  The p r o t e c t io n  r a t i o  
f ig u r e s  f o r  G rade 4* im pairm en t sh o u ld  b e  p r e s e n te d  in. g r a p h ic a l  fo rm , r e l a t i n g  
them t o  f re q u e n c y  sp a c in g  from  ze ro  up t o  3 o r  4 c h an n e l w id th s .

In  some in s ta n c e s  o b je c t iv e  m ethods a re  a v a i l a b l e  t h a t  p ro v id e  good 
c o r r e l a t i o n  w ith  s u b je c t iv e  o b s e rv a t io n s  ( s e e  R ep o rt 298-3 and R ep o rt 3 9 9 -2 .

* See R ep o rt 623
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3 .5  O s c i l l a t o r  f re q u e n c y

The p o s i t i o n  o f  th e  o s c i l l a t o r  freq u en cy  r e l a t i v e  to  t h a t  o f  th e  
w anted  s ig n a l  sh o u ld  be  in d ic a te d  as  fo llo w s  : "low " o r  " h ig h " . The tu n in g  
to le r a n c e  sh o u ld  a ls o  be in d i c a te d ,  in  o th e r  words th e  l i m i t s  betw een w hich 
th e  r e c e iv e r  can be  m is - tu n e d  b u t can s t i l l  p ro v id e  an a c c e p ta b le  sound q u a l i ty .

3 .6  I n te r f e r e n c e  g e n e ra te d  by th e  r e c e iv e r

. The r a d i a t i o n  o f  th e  o s c i l l a t o r  a t  i t s  fundam en ta l freq u en cy  and 
i t s  harm onics on th e  one hand and o f  th e  in te rm e d ia te - f re q u e n c y  and i t s  
harm onics on th e  o th e r  hand sh o u ld  be red u ced  to  comply w ith  CISPR 
Recom mendation 24 (s e e  IEC/CISPR P u b l ic a t io n  No. 7 j G eneva).
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REPORT 6l8

DEFINITIONS OF RADIATION IK BAND 5 (LF) AND 6 (MF)

(1974)

The LF/MF freq u en cy -a ss ig n m en t p la n s  f o r  th e  European 
B ro a d c a s tin g  A rea (C openhagen, 1948) and th e  A fr ic a n  B ro a d c a s tin g  A rea 
(G eneva, 1966) a re  b a sed  on th e  c a r r i e r  power s u p p lie d  by th e  t r a n s m i t t e r  
t o  th e  a n te n n a . I t  i s  n o t p o s s i b le ,  t h e r e f o r e ,  t o  d e te rm in e  th e  
in te r f e r e n c e  p o t e n t i a l  w ith o u t a  know ledge o f  th e  r a d ia t io n  c h a r a c t e r i s t i c s  
in c lu d in g  th e  e f f ic ie n c y  o f  th e  a n ten n a  and f e e d e r  system .

Two d e f in i t i o n s  may be u sed  t o  s p e c ify  t h i s  r a d ia t io n  :

-  th e  cymomotive fo rc e  ( c . m . f . ) ;

-  th e  e f f e c t iv e  monopole r a d ia te d  power ( e . m . r . p . ) .

1 . Cymomotive fo rc e

1 .1  D e f in i t io n

Cymomotive fo rc e  ( in  a  g iven  d i r e c t io n )

The p ro d u c t form ed by m u l t ip ly in g  th e  e l e c t r i c  f i e l d - s t r e n g t h  
a t  a  g iv en  p o in t  in  s p a c e , due t o  a  t r a n s m i t t in g  s t a t i o n ,  by th e  
d is ta n c e  o f  th e  p o in t  from  th e  a n te n n a . T h is  d is ta n c e  must be 
s u f f i c i e n t  f o r  th e  r e a c t iv e  com ponents o f  th e  f i e l d  t o  be n e g l ig ib l e ;  
m oreover th e  f i n i t e  c o n d u c t iv i ty  o f  th e  ground i s  supposed  to  have no 
e f f e c t  on p ro p a g a t io n .

The cymomotive fo rc e  ( c .m . f . )  i s  a  v e c to r ;  when n e c e s sa ry  
i t  may be  e x p re s se d  in  te rm s . o f  com ponents a lo n g  axes p e rp e n d ic u la r  
t o  th e  d i r e c t io n  o f  p ro p a g a tio n .

The c .m .f .  i s  e x p re s se d  in  v o l t s ;  i t  c o rre sp o n d s  n u m e ric a lly  
to  th e  f i e l d - s t r e n g t h  in  mV/m a t  a  d is ta n c e  o f  1 km.

* A dopted unanim ously
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1 .2  D e te rm in a tio n  o f  th e  c .m .f .

1.2.1 Vertical antennae : For vertical antenna systems which are actually 
in operation, the c.m.f. in a horizontal direction is obtainable by 
measurements of field strength on a radial line over the range 2 X
to 15 X from the aerial system. Here X is taken to be either the wave­
length or the maximum dimensions of the antenna, whichever is the greater, 
in order to avoid the effect of reactive fields. If E is the field strength 
at distance d, the product Ed is plotted graphically against d. The 
best-fitting line is extrapolated to d = 0 , and the product (EQd0) gives 
the c.m.f.

For the single mast, it is desirable to take the.average of 
values for a few radials. For a multiple mast system, separate 
measurements are required on a number of radials to establish the c.m.f. 
as a function of bearing.

For directions above the horizontal, a correction should be 
derived theoretically from the behaviour over a perfectly conducting 
plane. Alternatively, field strength measurements may be made from 
a helicopter.

For antenna systems which have not yet been constructed, or 
whenever for some other reason measurements cannot be made reliably, the 
c.m.f. may be estimated from a calculation of the system performance 
over a perfectly conducting surface, and from the estimated efficiency 
of the antenna system.

1.2.2 Horizontal dipole array : In this case, the most practical method 
is a computation for the array over a perfectly-conducting ground, 
assuming the total transmitter power (less the loss introduced by the 
feeder) represents the radiated power. In this case the c.m.f. should be 
the combination of two orthogonal components, perpendicular to the 
direction of propagation, made on a root mean square basis.

1 . 3  Transmitter carrier power as a function of c.m.f.

For a single vertical mast radiator, neglecting losses :

P = (Fc / 300)2 . (1 /

where P : transmitter carrier power in kW

Fc : c.m.f. in the horizontal direction in volts

ge : gain of antenna relative to a short vertical antenna
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More g e n e r a l ly ,  th e  t o t a l  power r a d ia te d  i n to  sp ace  ( i n  
o th e r  w o rd s, th e  power t o  b e  s u p p lie d  t o  th e  a n ten n a  i f  lo s s e s  a re  
n e g le c te d )  i s  r e l a t e d  t o  th e  c .m .f .  by

W * 1/1207T J J  Fc 2 ( 9 ,6 )  c o s6 .d 0d rp 

sp h ere

w here F (9 ,0 )  i s  th e  c .m .f .  as a  fu n c tio n  o f  th e  azim uth  9 and th e  
an g le  o? e le v a t io n  8 (W i s  in  w a tts  and F^ i s  in  v o l t s ) .

2 . E f f e c t iv e  monopole r a d ia te d  power

2 .1  D e f in i t io n

The power s u p p lie d  t o  an a n te n n a , m u l t ip l ie d  by i t s  g a in  
in  a g iven  d i r e c t i o n ,  r e f e r r e d  t o  t h a t  o f  a  s h o r t  v e r t i c a l  a n ten n a  
in  th e  h o r iz o n ta l  d i r e c t i o n .

No. 102 of the Radio Regulations defines the gain referred to a short 
vertical antenna as :

"The g a in  (Gv) o f  an a n te n n a  in  a  g iv en  d i r e c t i o n  when th e  
r e fe re n c e  a n ten n a  i s  a  p e r f e c t  v e r t i c a l  a n te n n a , much s h o r t e r  th a n  one 
q u a r te r  o f  th e  w a v e - le n g th , p la c e d  on th e  s u r f a c e  o f  a  p e r f e c t ly  
co n d u c tin g  p la n e  e a r t h " .

The r e f e r e n c e  an tenna,w hen  fe d  w ith  1 kW ,produces a  f i e l d -  
s t r e n g th  o f  300 mV/m a t  1 km d is ta n c e  and i s  a l ig n e d  p r e c i s e ly  w ith  
th e  ground-w ave p ro p a g a tio n  cu rv es  o f  Recommendation 368-2 
and th e  sky-w ave cu rv es  o f  R eport 26b - 3 .

2 .2  D e te rm in a tio n  o f  e . m . r . p .

For v e r t i c a l  an ten n ae  o n ly ,  e .m . r .p .  may be m easured  o r  
e s tim a te d  in  th e  manner d e s c r ib e d  in  § 1 .2  f o r  d e t e r m in in g c .m .f .

3 , R e la t io n s h ip  betw een c .m .f .  and e . m . r . p .

The value of c.m.f., in volts, is related to e.m.r.p. by the formula :

e.m.r.p. = (c.m.f/300)2 kW

The fo llo w in g  t a b l e  g iv e s  some p r a c t i c a l  exam ples o f  c .m .f .  
and e .m . r .p .  in  th e  absence  o f  l o s s e s .
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T ra n s m itte r
power
(kW)

A ntenna
Gain r e l a t i v e  to  
a  s h o r t  v e r t i c a l

antenna (dB)

c .m .f .
■ (V)

c .m .f .
(dB (300 V))

G »III* F  • ]I) •

(kW)

0 .0 1 > 0 dB 30 -2 0 0 .0 1

0 .1
) short vertical 0 dB 95 -1 0 0 .1

1 .0 ; 0 dB 300 0 1 .0

10 ( 0 dB 950 +10 10

100 ) 2 dB 3 800 +22 160

500 cr/2 vertical 2 dB 6 600 +27 ^75

>
2 dB 12 000 +32

h. Use of propagation curves

The ground-wave propagation curves of Recommendation 368-2 and 
the sky-wave propagation curves given in Report 26^-3 are drawn nominally for 
a field strength of 300 mV/m at 1 km and thus apply to a c.m.f. of 300 V. 
However, the sky-wave curves were established from measurements to which a 
correction was applied in each case for the vertical radiation pattern 
(over good ground) of the transmitting antenna, but no correction was 
applied for the effect of finite ground conductivity on the sky-wave field 
strength. These curves therefore include the effect of average ground 
conductivity, which (as compared with a perfectly conducting ground) can 
cause significant reduction of sky-wave at low angles. This effect is 
discussed in Report 401-1. It can be shown that for all types of vertical 
antenna systems of interest for applications in bands 5 (LF) and 6 (MF) the 
ground effect is substantially independent of the type of antenna, and 
correction for the antenna gain and vertical radiation pattern may be made 
with good accuracy by correcting the calculated pattern for a perfectly- 
conducting flat earth.

The practice is already established for propagation curves to 
apply to a radiated power of 1 kW from a short vertical antenna and this 
corresponds to a c.m.f. in the horizontal direction of 0 dB relative to 
300 V.
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