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S U M M A R Y

A desc r ip t ion  is given o f  the n e w  te lecom munica t ion  n e t w o r k  w h ic h  is 
n o w  be ing  bui l t  lo r  the A rgen t ine .  W h e n  p la n n in g  this n e t w o r k ,  it w a s  
n e ces sa ry  to compile  a  cons ide rab le  am o u n t  o f  s ta t i s t ica l  d a t a ,  so th a t  
ca lcu la t ions  could be m a de  o f  the p r o b a b le  traffic a f t e r  a per iod  o f  t w e n t y  
y e a r s .  W d t h  this in fo rm at ion  as a  basis,  the m a te r ia l  r e q u i r e d  w a s  d e t e r 
mined an d the coun t ry  w a s  d iv ided  into eleven zones,  each  w i th  a cen t re  
s ta t ion.  T w o  o f  these zones cove r  G r e a t e r  Buenos  Aires  (G .B .A .) .  F o r  
some time, a  g r e a t e r  p a r t  o f  the traffic wil l  be by  rad io ,  as  in the inland  
su i tab le  lines a re  not  y e t  ava i lab le .  T h e  p lan  comprises  var ious  n e t w o r k s ,  
n am ely  :

a. T h e  N a t i  onal  Telegraph  Line  N e t w o r k .  A ny  te leg raph  office can  
com m unica te  d i rec t ly  w i th  a n y  o the r  t e leg raph  office, usinir te le
p r in te r s .  C e n t r e - s t a t i o n s  will  be p rov ided  w i th  au tom a t i c  te legraph  
exchanges .  K e y b o a r d  selection o f  des t ina t ion  wil l  be used.  M ul t ip le -  
tone t e l e g ra p h y  will  be used  to cover  the g r e a t e r  d is tances ,  and  
d.c t r ansmiss ion  fo r  the s h o r t e r  d is tances .  In Buenos  Aires  there  
will  be tw o  exchanges  exclusively for  traffic o f  G r e a t  Buenos  Aires .

b. The N a t i o n a l  R ad io  N e t w o r k .  D u r i n g  the per iod  th a t  the line 
n e t w o r k  is be ing  modern ized ,  traffic in the na t iona l  n e t w o r k  will  
be ca r r i e d  out  by radio,  w i th  B.A. as  cent re .  S ing le - s ideband  
e q u ip m e n t  will  be used  for  t e lephony  a n d  te leg raphy ,  w i th  f r e 
q u en cy -  or  space  d ive rs i ty  for  the l a t t e r .  As a  m e a su re  fo r  the 
p reven t ion  o f  m ut i la ted  te lep r in t e r  s ignals  be ing passed  through,  
use is m a d e  of  T . O . R .  epu ip m en ts .  T h e re  a re  f i rs t-class  and  second-  
c lass  s ta t ions.  D u r in g  night  hours ,  traffic b e t w e e n  second-c la ss  s ta t ions  
an d B.A will  t ake  p lace  via the f irs t -class  s ta t ion in the zone o f  
the second-c lass  s ta t ion .  B.A.  possesses  an  a u to m a t i c  t e leg rap h  ex 
ch ange  a n d  a rad io  te lephone  exchange  fo r  hand l ing  traffic des t ined  
for  B.A.  or  for  t r ans i t ion  o f  traffic b e t w e e n  na t iona l  s ta t ions .

*) W i t h  k ind  permission  of  the E d i t o r  of  Phi l ips  C om m unica t ion  N e w s .
**) T e l ecom m unica t ion  Div is ion  of  N . V .  Ph i l ip s  G loe i lam penfabr ieken ,  

H i lv e r su m  - N e t h e r l a n d s .
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c. T h e  Z o n a l  R a d io  N e t w o r k s .  T h e se  n e t w o r k s  deal  w i th  traffic w i th in  
each s e p a r a t e  zone only.  D o u b l e - s i d e b a n d  e q u ip m e n t  is used.  R e 
p e r fo r a t i n g  te lep r in te r s  a re  p ro v id ed  for  t e leg rap hy ,  a n d  w h e n  a t 
m ospher ic  condi t ions  a re  ve ry  u n favourab le ,  h a n d  morse  keying  
will  be  used.  S e c re c y  in te lephony  is o b ta in e d  w i t h  r e n v e r so r  
equ ipm en t .  E a c h  s ta t ion  wil l  be fi t ted w i t h  a  selective-call ing device.

d. T h e  R u r a l  R a d i o  N e t w o r k s  p rov ide  com munica t ion  b e t w e e n  the 
cen t re - s ta t ion  of  each  zone a n d  vil lages  o f  less im p o r ta n c e  in the 
p a r t i c u l a r  zone.  All  traffic will  be  h a n d le d  via  the cen t re  s ta t ion .  
T e l e g r a p h y  wil l  be b y  h a n d  morse  only.  F o r  te lephony ,  r en v e r so r s  
wi l l  be  fit ted. Bes ides  the fixed s ta t ions,  mobile r ad io  s ta t ions  in 
special  vans  can  be used  as  t e m p o r a r y  s ta t ions  a n d  in case o f  
emergency .

F u r t h e r ,  the re  wil l  be  an  in t e rn a t io n a l  a n d  a  p ress  rad io  service in 
B.A. ,  an d  a  mobile m ar i t im e  service w i t h  B.A. as  cen t re  s ta t ion.  1 he 
mar i t ime  service also com prises  a  n u m b e r  o f  coas ta l  an d  r iv e r  s ta t ions .

1. Introduction

A f te r  tw o  y e a r s  of s tudy ,  of p lanning  an d  projecting,  of ca l 
cula t ion an d  considerat ion,  in J a n u a r y  1952 H .E .  the A rgen t ine  
M in i s t e r  of P o s t  and  Telecommunicat ions  (C o r reo s  y  Telecom- 
municaciones) p laced  w i th  Phil ips  Telecommunicat ion In d u s t r ie s  
a t  H i lve rsum  a n d  Phil ips  A rg e n t in a  S.A. a t  Buenos Aires  con
t r a c t s  fo r  the  de l ive ry  a n d  ins ta l la t ion  of the  equ ipm ent  an d  
m ate r ia ls  n e c e s s a ry  fo r  the  execution of the first p a r t  of A r 
gentine 's  fu tu re  te lecommunication n e tw o rk s .
I t  is here  no t  the  place  to disclose in full de ta i l  the  P lan o  
F u n d a m e n ta l  Telegrafico (Basic  T e le g ra p h  P lan )  a n d  its su b 
sidiaries, as  e l a b o ra t e d  b y  the  A rgen t ine  P o s t  Office engin
e e rs ;  b u t  b y  c o u r te s y  of the  technical  D i r e c to r  of Te lecom
municat ions Prof .  Ing. C. A. C o s ta ,  the  principles  an d  main 
cons idera t ions  m a y  be desc r ibed  here  in such a  w a y  t h a t  the  
technical i t ies  and  meri ts  can be ap p rec ia ted .

2. Sta tistics
«

The 2 y e a r s  of engineering w o r k  m ent ioned  above ,  have been  
p reced ed  b y  a  cons iderab le  effort  of a  s ta t i s t ica l  n a tu re ,  viz. 
the  collection of sufficient traffic d a t a .  N o t  on ly  w e re  the num 
b e rs  of te leg ram s sen t  b y  a n u m b er  of exist ing te le g ra p h  offices 
counted,  b u t  th e i r  des t ina t ions  w e re  also a sce r ta ined .  F u r th e r ,  
in o rd e r  to  k n o w  w h a t  a  “ te leg ram "  m eans  as  traffic load,  the  
num bers  of w o r d s  of m a n y  th o u sa n d s  of te leg ram s  w e re  count-
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e d ; this  gave a  " s t a n d a r d ” te legram  of 17 w o rd s ,  — excluding 
service indications.  As a  ty p ica l  b y p r o d u c t  ol this l a s t  count 
it  w a s  found t h a t  te leg ram s  to  Buenos  A ires  a re  on the a v e r 
age s h o r t e r  th a n  those  from th a t  city, — obvious ly  the r u r a l  
A rgen t in ian  is more f ruga l  th a n  his more u rb a n e  coun t ry -m an .  
I t  w a s  also found t h a t  Buenos A ires  sen t  more te leg ram s to 
its subu rbs  —* to g e th e r  w i th  them forming G r e a t  Buenos  A ires  
( G B A )  — th a n  it rece ived  from th em ;  r a t h e r  c o n t r a r y  to  ex 
per ience  w i th  co m p arab le  te lephone  traffic.

A f t e r  p r e p a r a t o r y  w o r k  on samples,  r e p re s e n ta t iv e  d a y s  and  
hours  of traffic w e re  fixed, a n d  it  w a s  e s tab l i sh ed  t h a t  the  
p e a k -h o u r  — n o rm a l ly  la te  in the  a f te rn o o n  — has  to dea l  
w i th  a b o u t  1/7-th of the 24-hours  traffic. I t  is on p e a k -h o u r  
traffic of course  t h a t  the  am o u n t  of equ ipm ent  has  to  be  b ased .

C o u n ts  w e re  then  made of r e p re s e n ta t iv e  24-hours  traffic:

a. fo r  each  of the  40 b igges t  offices outs ide  G B A  :
1. th e i r  t o t a l  traffic,
2. th e i r  traffic to  Buenos  Aires ,
3. th e i r  traffic to  each of the 40 b igges t  offices,
4. the i r  traffic to  each of 78 sample  offices (sub b ) ;

b. fo r  each  of f u r th e r  78 sample  offices outs ide  G B A  :
1. th e i r  to ta l  traffic,
2. th e i r  traffic to  Buenos  Aires.
3. th e i r  traffic to  each  of the  78 offices,
4. th e i r  traffic to  each  of the  40 b igges t  offices (sub a ) ;

c. fo r  G B A  :
the  traffic of each office to  each  o th e r  offi c e ;

d. fo r  Buenos  A ires  :
the  traffic to  each of all  offices outs ide  G B A .

3. T ra ffic  calculations

3.1. Z o n e  b o u n d a r i e s

F rom  the  w e a l th  of s ta t i s t i c a l  information,  the  b o u n da r ie s  
of the  fu tu re  t e le g ra p h  zones —' as d is t inc t  from the  p re s e n t  
t e le g ra p h  d is t r ic ts  — had  first to  be dec ided  upo n ;  in such a  
w a y  t h a t  an  optimum ra t io  of in te rn a l  to to t a l  in land traffic 
is reached .  A n  optimum ra t io ,  a n d  no t  the  maximum r a t i o ;  the  
l a t t e r  — being 1 — would  be r e ach ed  w i th  the  w hole  c o u n t ry
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as one big zone an d  its only  exchange in Buenos Aires .  All in 
land  traffic w ou ld  then  be in te rna l  <— as confined to one zone, 
b u t  this  solution is c e r ta in ly  no t  economical. E ven  w hen  using 
to n e - te leg rap h y ,  amplifiers w ou ld  be w a n t e d  b e tw e e n  the long 
d is tance  offices an d  the  exchange,  an d  the  n u m b er  of t e le g ra p h  
circuit-miles (num ber  of circuits times th e i r  length)  w ou ld  be 
excessive.

A  n u m ber  of t e s t  calcula t ions on economics w a s  thus  made,  
the  resu l t ing  zones — 2 in G B A  an d  9 in the  r e s t  of the 
c o u n t ry  — a re  sh o w n  in figure 1. The a r r a n g e m e n t  of the 2 
zones in G B A  will be d e a l t  wi th  in de ta i l  in p a r a .  5.2.

3.2. T r a f f i c  a s s e s s m e n t
T hen  it w a s  found t h a t  the  sample offices mentioned above  

u n d e r  2b w e r e  f a r  from evenly  d i s t r ib u ted  over  the  zones, — 
w hich  w e re  n o t  k n o w n  w h e n  the  samples  h ad  to  be chosen. 
E v en  wi th  an  optimum d is t r ibu t ion  a  n u m ber  of 78 :9  or  a b o u t  
9 sample  offices p e r  zone is r a t h e r  small. N o tw i th s t a n d in g  all 
the  w o r k  mentioned u n d e r  2b, the  to ta l  n u m ber  of sample  of
fices is only  a b o u t  6 °/0 of all  the  offices fo r  which th e y  s tand ,  
having — as w a s  found l a t e r  ■— a b o u t  21 0/0 of the i r  traffic.

F u r t h e r  counts  of traffic w e re  thus  m ade  a f t e r  the  zone 
boundar ies  h ad  been  es tab l ished ,  viz. fo r  Buenos  Aires  a n d  for  
its s u b u r b s ;  th e i r  traffic to each of the zones outs ide G B A  
being assessed .  The figures mentioned  u n d e r  2d w e re  then  co r 
r e la te d  w i th  the  n ew  ones, and  from all the  d a t a  then  ava i lab le  
the  to ta l  traffic w a s  first  deduced.

The re su l t s  a re  given in ta b le  I :

T a b le  I
G B A 28.100
40 biggest  offices 24.500
78 sample  offices 5.900
all o th e r  offices 22.400

T o ta l 80.900 t e l e g ra m s /d a y

3.3 T r a f f i c  d i s t r i b u t i o n
To a r r iv e  a t  the  d is t r ibu t ion  of this traffic over  the zones, 

an d  its division in in te rn a l  a n d  ex te rn a l  traffic, quite  some 
carefu l  in ter-  a n d  e x t r a  pola t ion  w a s  w a n te d .  The s ta t i s t i c a l  
figures gave then  p a r t l y  the  d is t r ib u t io n  of the  e x te rn a l  traffic
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of the  z o n e s ; the  u n k n o w n  d is t r ibu t ions  involved the “ o th e r  
offices” — a n d  a b o u t  62 °/0 of the  traffic b e tw e e n  the zones 
outs ide  G B A .

T h e y  w e re  found b y  t r e a t in g  the  traffic of these  offices as 
a n  “ in c rease” of the  traffic fo r  which  the  d i s t r ib u t io n  w a s  
know n,  — as ind ica ted  in p a ra .  3.4 fo r  the 20 -years  increase.

3.4 F u t u r e  t r a f f i c
As the  final p lan  is b a s e d  on the  traffic a f t e r  20 y e a r s ,  this  

fu tu re  traffic h a d  th en  to  be assessed .
F o r  the  p a s t  10 y e a r s  revenue  figures w e re  ava i lab le ,  from 

w hich  the  increase  of traffic could be ded u ced  fo r  each  te le 
g ra p h  d is tr ic t ,  — th e r e b y  tak ing  into account  service traffic. 
As a  fo re c a s t  is b e s t  made  fo r  big groups  of traffic, the  fo l low 
ing 3 groups w e re  c o n s id e r e d :

a. G B A  — w i th  h ighly deve loped  traffic,
b. the  province  of Buenos  A ires  an d  the S o u th e rn  p a r t  of 

S a n t a  Fe  province  — w i th  r a t h e r  wel l  deve loped  traffic,
c. the  r e s t  of the  coun try .

In  e x t r a p o la t in g  the  p a s t  r a t e s  of increase  for  a fu tu re  20 
y e a r s ,  d if ferent  s a tu ra t io n  times w e r e  a ssum ed  fo r  each  of the 
g roups  b y  com parison  w i th  num bers  of te lephones  installed» 
mains p o w e r  consumed a n d  o th e r  economic gauges.

As the  outcome of these  calcula t ions an d  considera t ions ,  and  
also tak in g  into account  s ta t i s t i c a l  figures fo r  co m p arab le  o th e r  
countr ies ,  a  “ 2 0 -y e a r  f igure” of 5 te leg ram s p e r  h ead  of p o p u 
la t ion  p e r  y e a r  w a s  a d o p te d .  F o r  the  g ro w th  of the  popu la t ion  
in 20 y e a r s  the figure (50 °/0) from the  official s ta t i s t i c a l  service 
w a s  taken ,  and  thus  the  t o t a l  fu tu re  da i ly  traffic ( a f te r  20 
y e a r s )  w a s  ob ta ined .  I t  am oun ts  to 422.000 te leg ram s fo r  a 
w o rk in g  day .

F ro m  the p a s t  10-year  increase  figures p e r  d is t r ic t  such fig
ures  w e re  deduced  fo r  the  n e w  zones, a n d  b a s e d  on these  f ig 

ures  the  division of the  to ta l  fu tu re  traffic ove r  the  zones w a s  
made.  This  w a y  th e re  r e su l te d  (different)  increase  fac to rs  p e r  
zone w hich  m ust  be c red i ted  w i th  a  good p ro bab i l i ty .

T h e re  w a s  th e n  lef t  the  p rob lem  of the fu tu re  d is t r ibu t ion  
of traffic b e tw e e n  the  zones, which  gives rise to  10 second 
o r d e r  equa t ions  w i th  10 unknow ns ,  — the  tw o  zones of G B A
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fo r  this pu rp o se  being t a k e n  as one. The posit ive r e a l  roo ts  
of these  10 equat ions  w e re  e v a lu a te d  b y  a  r a p id  i te ra t ion  
process.

Thus  finally the  2 0 -y e a r  traffic p e r  zone, its division in i n t e r 
na l  an d  ex te rn a l  traffic, a n d  the  d is t r ibu t ion  of the  l a t t e r  w e re  
found ;  these  being all  the  d a t a  w a n t e d  fo r  a  p r o p e r  d imens
ioning of the  na t iona l  line n e tw o r k  an d  all its components ,  such 
as  exchanges,  t r u n k  circuits  an d  the like.

To give a  genera l  idea ol the  resu l ts  a n d  of the size of the 
traffic values  involved, T ab le  I I  m a y  serve.  I t  gives the traffic 
in Traffic U n i ts  (a T .U .  equals  60 te legram s p e r  p eak  hour). 
See p a ra .  4.1. fo r  the  t ransm iss ion  speed.

T a b e l  I I

Zones GBA IV V V I VII VIII I X
1 x

XI XII T o ta l

To ta l 410 119.1 47.7 31.3 125.8 52.2 46.3 73.1 70.6 29.1 1005.2
Internal 177.2 46.3 17.6 8.4 49.3 16.0 12.6 24.9 22.5 13.6 388.6
Internal °/o 43 26 37 27 40 30 27 34 32 47 38.7

I t  will  be a p p re c ia te d  t h a t  the  am oun t  of w o r k  p u t  into the 
traffic s ta t is t ic s  and  ca lcula t ions  w a s  r a t h e r  considerable .  B u t  
as  the dimensioning of exchanges  (and  t r u n k  rou tes )  is ca r r ied  
ou t  w i th  g r e a t  exac tness ,  using the p ro b a b i l i ty  calculus an d  
ca re fu l ly  deciding upon  ty p e s  of grading,  it w a s  deemed ju s t i 
fied a n d  even n e c es s a ry  to aim a t  a  high degree  ol exactness  
fo r  the traffic figures, on which all f u r th e r  w o r k  m us t  be based .

4. The national line network

4.1. S i g n a l l i n g  m e t h o d

I t  w a s  decided to  use t a p e - t e le p r in te r s  w i th  the 5 unit-code 
(plus s t a r t  and  s top  pulses) on the  whole  n e tw o r k  in o r d e r  to  
avoid  m an y  t r a in e d  m o rse -o p e ra to r s .  U n d e r  the prevai l ing  con
dit ions the t ra in ing  of a  limited n u m ber  ol more p e rm a n e n t  
technical  s ta f f  for  m ain tenance  p u rp o ses  w a s  considered  the 
b e t t e r  a l t e rn a t iv e ;  fo r  the  o p e ra t io n  of the  te le p r in te r s  e v e ry  
no rm al  good t y p i s t  can  se rve  w i th  no t  too much ad d i t io n a l  
t ra ining.  T h e r e b y  a  high traffic speed  can be ob ta ined ,  this 
w a s  fixed a t  60 te legram s p e r  hou r  sen t  a n d  70 te leg ram s p e r  
h o u r  received.  The  difference b e tw e e n  these  figures is due to 
the  n e c e s s a ry  selecting time.
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4.2. T e l e g r a p h  O f f i c e s

Among the  exist ing 1500 te l e g ra p h  offices the re  a re  quite  a 
n u m ber  which wil l still have  only a  few  te leg ram s p e r  d a y  
a f t e r  20 y e a r s ,  an d  for  such offices a  t e l e p r in te r  w ould  no t  be 
an  economic propos i t ion ,  this  a p a r t  of the extensive  service 
sch erne t h a t  w o u ld  be requ ired .  To qual i fy  fo r  a  t e le p r in te r  a 
minimum of a b o u t  15 te leg ram s  p e r  d a y  w a s  fixed, an d  in 
s p a r s e ly  p o p u la te d  a r e a s  such teleprinter-offices wil l a c t  as 
collecting a n d  d is t r ib u t in g  cen tres .  F o r  these  pu rposes  th e 3r will 
use line te lephony ,  exist ing morse  circuits ,  an d  rad io  te lephony  
and  t e l e g ra p h y  on the new  r u r a l  rad io  n e tw o rk s  (see section 8).

D  epending  on the  a c tu a l  collection possibil i t ies the  minimum 
figure of 15 will be hand led  in a  flexible w a y ,  b u t  it can a l 
r e a d y  be s t a t e d  t h a t  a b o u t  400 t e le p r in te r  offices wil l be w a n te d  
outs ide  Buenos Aires.

4.3. E x c h a n g e s

I t  w a s  f u r th e r  decided to use au to m a t ic  t e le g ra p h  exchanges 
in the  zone centres ,  so as to  avoid  e r ro r s  due to hum an  t r a n s i t 
handl ing  an d  to inc rease  the  traffic speed.  E a c h  office will 
reach  d i rec t ly  a n y  o th e r  office in the coun try ,  — w i th  one 
except ion  how ever .

As the n u m ber  of (receiving) t e le p r in te r s  p e r  office m us t  now  
be ca lcu la ted  on a p ro b a b i l i ty  basis ,  fo r  the  g rad e  of service 
as  used  on te lephone  t ru n k  lines the  efficiency of the  ■— p e r  
office — small  n u m b er  of “ t r u n k s ” w o u ld  be u n a c c e p ta b ly  low- 
The economy is r e s to re d  b y  the  in t roduc t ion  of an overflow, 
being a  n u m b er  of t e l e p r in te r s  ■— ca lcu la ted  fo r  a  high gr£ide 
of service — w hich  ta k e  the  te leg ram s  fo r  offices to which all 
connections a re  found  engaged.  The  final se lec tors  of the ex
changes se lect  u n d e r  those  c i rcumstances  a u to m a t ica l ly  an o v e r 
flow posit ion. The  p e rce n ta g e s  of overflow w e re  fixed a c c o r d 
ing to a  sliding scale, a l lowing  the  h igher  p e rce n ta g e s  to  the 
sm al le r  offices; as a  r e su l t  in the  p e a k -h o u r  a b o u t  6 °/0 o v e r 
flow m a y  be expected ,  w h e r e a s  outs ide  the  p e a k -h o u r  this p e r 
cen tage  will soon be negligeable.  The  overflow posit ions  have 
a  r e -p e r fo ra t in g  a t t a c h m e n t  on the i r  receiving t e le p r in te r s  so as 
to  el iminate possible  human fau l ts  in the  re - t ransm iss ion  ; the  
o p e r a to r s  a t  the  overflow posit ions can see w h e t h e r  a w a n t e d  
d es t in a t io n  has  a  free  connection.

As in this w a y  th e re  is no “ lo s t ” traffic to  subscr ibe rs ,  fo r
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the  ca lcula t ion  of the exchanges  the  M o l in a - E r l a n g  fo rm ula  
can  be applied.

4.4. S e l e c t i o n
F o r  the selection of d e s t in a t io n  th e re  is a choice b e tw e e n  

dial a n d  k e y b o a r d /  the  l a t t e r  w a s  chosen for  a  n u m b er  of 
r e a s o n s :

a. the  d es t in a t io n s  can be punched in the t a p e s  of r e - t r a n s 
mitt ing te lep r in te r s ,  and  also of t r a n sm i t t in g  h eads  an d  
receive-send units  of the rad io  n e tw o r k  (see p a ra .  6.2) ;

b. the  selection pulses can pass  th rough  electronic r e 
genera t ing  amplifiers as  m ay  be w a n t e d  a l t e r  t r a n s m is 
sion on long ro u te s  of open  w ire  in the semi- tropical  
N o r t h e r n  p a r t  of the  c o u n t r y ;

c. the  selection pulses can be g u a rd e d  b y  T O R - e q u ip m e n t  
on the  ra d io  ro u te s  (see p a ra .  6.3.);

d. the  k e y b o a r d  selection is qu icke r ;

e. only  one s t r in g en t  re q u i rem e n t  will  be p laced  on the 
q u a l i ty  of the  impulses,  i.e., l o r  the  t e le p r in te r  code, 
an d  not  for  dialling.

Th ese a d v a n ta g e s  ful ly  ju s t i fy  the  cos t  of the  more compli
ca ted  reg is te rs  in the  t e le g ra p h  exchanges,  as r eq u i red  b 3r k e y 
b o a r d  selection.

4.5. T r a n s m i s s i o n
F o r  reasons  of economy the  use of mult iple-tone te le g ra p h  

equ ipm ent  w a s  ind ica ted  on this  v a s t  n e tw o r k  w i th  its big 
d i s t a n c e s ; only  in the Buenos A ires  a r e a  — a n d  l a t e r  in o th e r  
b igger  to w n s  — single o r  double  c u r re n t  d .c .- t ransmission will  
be used.

The choice b e tw e e n  A M  an d  F M  w a s  made  in f av o u r  of 
F M ,  as this wil l be less sensit ive to  noise as  is to  be expec ted  
on open wire  in the N o r t h e r n  semi-tropical  p a r t  of the  country ,  
as well  as a long electr ic  r a i lw a y s  an d  in more built- in  a reas .

This r easo n  is more  s t r in g e n t  even fo r  rad io  rou te s  *— as 
will  be used  ini t ia l ly  on a r a t h e r  big scale  (see b e lo w ) ;  on 
such ro u te s  r a p id  level va r ia t ions  due to  fading wil l also have  
to  be met, an d  it wil l  m o reo v er  be n e c e s s a ry  to m a r k  the  d is 
a p p e a ra n c e  of signal as a  fault .  All  this indicates  the use of 
F M  , as a  s t a n d a r d  equ ipm ent  fo r  b o th  rad io  a n d  line.
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The tone frequencies  will  be those  as  recom m ended  b y  the 
C C 1 T ,  viz. the  odd  harmonics  of 60 c/s from 420-3180 c/s. 
F rom  these  possible  24 frequencies  norm al ly ,  how ever ,  only 
20 wi 11 be used, first d iv ided  in tw o  groups  of 10 each  — w i th  
a spacing of tw o ,  th en  each g roup  of 10 divided in 2 sub-groups  
of 5 each — w i th  a  spacing of one. The  first division is made 
to a l low  fo r  10 frequencies  in each d irec t ion  on tw o - w i r e  c ir 
cuits  ; as  the  level of in- a n d  outgoing frequencies  m a y  differ 
w ide ly ,  a  good s e p a ra t io n  is w a n t e d  to  avoid cross-fire. The  
second division is needed  on p a r t y  lines (see be low),  in o r d e r  
to  a r r ive  a t  simple tone equipments  in smal le r  offices. The  small  
g roup  of 5 wil l  m o reo v e r  pe rm it  an  e a s y  a n d  still economic 
grouping  of t r u n k s  a t  n e tw o r k  junctions.  The  group  spacing 
wil l t h e r e b y  avoid  too much d is to r t ion  of signal, as  w o u ld  
ce r ta in ly  re su l t  f rom a  n u m b e r  of one-tone filters in series.

5. The network in a?id around Buenos A ires

5.1. G e n e r a l

This  n e tw o r k  will  be rea l i s ed  in the f irst p a r t  of the ex e 
cution, and  has  thus  been e l a b o ra t e d  in full detai l .

C a re fu l  a t t e n t io n  w a s  t h e r e b y  given to  s a fe ty  an d  s e c u r i t y ; 
these  fo rb id  to  co n cen t ra te  all  the  r a t h e r  cons iderab le  traffic 
in one exchange only, a l though  this  might  give the  m ost  eco
nomic solution. A t  first 3 exchanges  w e re  cons idered  — and  
this expla ins  the  missing of Z o n e  I I I  in fig. 1; b u t  finally it 
w a s  decided  to  have 2 exchanges.  T h e y  a re  b o th  s i tu a te d  in 
Buenos  A ires  a t  a  d is tance  of some 3 miles.

The  tw o  exchanges  wil l only  hand le  traffic or ig inating  from 
or  des t ined  to  G B A ,  as t r a n s i t  traffic wil l no t  e n te r  the  city. 
T h e re  is no need  fo r  this  as all the  te le g ra p h  exchanges  in the 
c o u n t ry  will  be connected  b y  a  full-maze n e tw o rk ,  d i rec t ly  
linking e v e ry  exchange w i th  e v e ry  o th e r  one in the  co u n t ry  for  
all the  traffic to  be in te rchanged .

5.2. Z o n e  c o m p o s i t i o n

The tw o  zones of G B A  a re  g eograph ica l ly  in te rm ixed  to the 
maximum possible  e x te n t  b y  d is t r ibu t ing  the  t e le g ra p h  offices 
of G B A  as equa l ly  as possible  over  b o th  exchanges  w i th  also 
a  p ra c t ic a l ly  equa l  d is t r ibu t ion  of traffic load.  N o w  ev e r 3r n o r 
mal t e le p r in te r  can send as w e l l  as receive, b u t  in au tom a t ic
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n e tw o r k s  the  n u m ber  of receive connections is ca lcu la ted  on a 
p ro b a b i l i ty  b a s i s ;  w h e r e a s  send connections can be fully loaded.  
I t  is then  found t h a t  excep t  fo r  offices w i th  r a t h e r  small  traffic, 
s e p a r a t e  send and  receive connections wil l give the  m ost  eco
nomical solution.

The send  connections of each  office a re  as  evenly  as possible  
d i s t r ib u te d  over  b o th  exchanges,  b u t  for  the  receive connections 
such a  division w o u ld  lead  to  uneconomically  small  p ro b a b i l i ty  
groups.  These  connections a re  thus  k e p t  to g e th e r  and  go — 
geograph ica l ly  a l t e rn a t in g  — to one exchange only.

This  w i th  the  except ion  ot the  C e n t r a l  Office w i th  a  v e ry  
big group  of connections fo r  its ow n  traffic, a n d  lo r  the con
nections to the rad io  exchange (see p a ra .  6.2.).

5.3. E x c h a n g e s  a n d  i n t e r c o n n e c t i o n s
B o th  exchanges  a re  equ ipped  w i th  f a s t  m o to r  dr iven  switches.  

In  com parison  w i th  te lephone  exchanges th e y  have  only  a  limit
ed n u m ber  of subscr ibers ,  b u t  m ost  of them w i th  multiple con
nections, a n d  all  of them v e ry  b u s y  ones. As a  r e s u l t  the  
am o u n t  ol sw i tc h g e a r  is r a t h e r  big. d h e  n u m ber  of reg is te rs  
w i th  a l lo t te r s  c.s. is a lso cons iderab le  — b u t  still  c o m p a ra t iv e ly  
small due to  the  high speed  of the switches ,  resu l t ing  in sh o r t  
holding times. This  is the  more im p o r t a n t  as n o rm a l ly  w i th  a  
t ransm iss ion  speed  of 60 te leg ram s  p e r  h o u r  a  te leg ram  ta k e s  
much less time th a n  a  te lephone  call. The  exchanges a re  p r o 
vided w i th  overflow posi t ions as  desc r ibed  above.

The tw o  exchanges  a re  in te rconnec ted  b y  a  g roup  ol tour- 
w ire  connections to  a l low  a  simple in te r - t ransm iss ion .  The size 
of this  g roup  has  been  k e p t  w i th in  limits as offices w i th  double 
send connections — the m a jo r i ty  — will only  be a l low ed  to 
p ass  traffic d i rec t ly  via the  exchange to  w hich  the receive con
nections of the w a n t e d  office a re  connected.

As the a d d re s s  of handed- in  te leg ram s must  be coded an y h o w ,  
th e y  can be so r te d  to the  p r o p e r  send posi t ion  a t  the  same 
time. This  will no t  be n e c e s s a ry  fo r  the  big traffic to the  C e n 
t r a l  Office, — for  final de l ive ry  o r  fo r  rad io - t rans i t .  These  
te leg ram s  can m o reo v er  be used  to equalize a  t e m p o r a r y  u n 
ba lance  in the  te legram s w i th  G B A -d e s t in a t io n .  The t e l e g r a p h  
Offices a re  forced  to  fol low the  above  a r r a n g e m e n t  as  the i r  
inpu t  r e l a y  groups  a t  the  exchanges  have been  given a  c r i t é 
rium t h a t  is recognized b y  the  r e g i s te r s ;  as  a  resu l t  the  ex 
change refuses  to  accep t  te leg ram s  w i th  “ fo rb id d e n ” des t ina t ions .
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5.4. T r a n s m i s s i o n  e q u i p m e n t

In i t ia l ly  t e le p r in te r  equ ipm ent  will be in s ta l led  fo r  local t r a f 
fic on a  10-year  base  and  for  traffic w i th  the  ou t ly ing  zones 
on a 5 -y e a r  base.  This  requ ires  a  to t a l  of 202 send te lep r in te rs ,  
256 receive t e le p r in te r s  an d  46 send-receive  te le p r in te r s  in the  
G B A  a r e a ;  d i s t r ib u te d  over  127 t e le g ra p h  offices an d  using 
2 X  108 tone  frequencies .  The  exchanges  wi 11 be equ ipped  for  
10-year  traffic th roughou t .

Inside  the  to w n  of Buenos  Aires  and  w i th  some S o u th e rn  
su b u rb s  the t ransm iss ion  will be on single c u r re n t  d.c.-circuits,  
as  the  d is tances  a re  r e la t iv e ly  s h o r t  and  sufficient cable pa irs  
a re  ava i lab le .  B u t  fo r  the  o th e r  su b u rb s  these  condit ions do 
n o t  prevail ,  ne i th e r  for  E v a  P e ro n  ( fo rm er ly  L a  P la t a )  t h a t  
is made  to form p a r t  of the G B A  n e tw o rk .  H e r e  tone-f requency  
connections wil l  be used.

In  to ta l  39 offices a re  s i tu a te d  in 6 main d irect ions,  r a t h e r  
a long r a i lw a y  lines. T h e y  will be se rved  via  circuits  from bo th  
exchanges :  th e i r  send  connections evenly  d ivided a nd  the  r e 
ceive connections a l t e rn a t in g  along the rou te .  E a c h  w ire  pa i r  
wil l a c t  as  a  p a r ty - l in e  for  maximum 10 connect ions;  the  offices 
a re  b ra n ch e d  off from such a  line a t  high impedance.

To avoid  one-tone filters a t  too  low frequencies ,  a n d  to  r e 
duce a n y h o w  the  n u m b e r  of d if fe ren t  ones -— an d  of different  
tone  osc i l la tors  —', these  a re  only  made  fo r  the middle group  
of 12(10) f requencies  out  of the 24(20) possibl  e ones. The  o th e r  
f requencies  a re  being o b ta in e d  b y  group-modula t ion .

Thus  along a  p a r t y  line the  middle f requencies  a re  d i rec t ly  
sen t  o r  received,  b u t  a f t e r  the  t a p p in g  of 5 f requencies  (send 
or  receive) th ese a re  all used, a n d  a  g ro u p -m o d u la to r  a t  t h a t  
sp o t  t r a n s fo rm s  then  the  o u te r  f requencies  to middle ones. In  
this w a y  group-m odula t ing  equ ipm ent  a t  each su b se q ue n t  office 
is being avoided.

6. The national radio netivork

6.1. G e n e r a l

W i t h  the  exception  of G B A  a n d  its su r round ings  the  p re se n t  
open w ire  te le g ra p h  n e tw o r k  w ou ld  need a r a t h e r  cons iderab le
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re-condit ion;ng  to br ing  it  up to m odern  s t a n d a r d s ; w i th  its 
m an y  th o u san d s  of circuit-miles a big ta sk .  In s tead ,  it has  been 
decided  to use in the fu tu re  one n e tw o r k  for  b o th  te lep h o n y  
an d  te le g ra p h y ,  consist ing of coaxial  cable,  mult i -quad  ca bl e and  
open  wire ,  — in this  o rd e r  from the cen tre  o u tw a rd s .  1 he 
p re se n t  g ro w th  of t e le g ra p h  traffic as  a  r e su l t  of the  r a p id  
deve lopm en t  of the c o u n t ry  does no t  permit ,  how ever ,  to  w a i t  
w i th  im provem ents  unt i l  the  new  n e tw o r k  wil l be rea l ized ;  
fo r  this re a s o n  one wil l r e s o r t  to  rad io  which can give a 
qu icker  solution.

The  traffic c a p ac i ty  of the n a t io n a l  rad io  n e t w o r k  will  be 
1 /4 th  of the  2 0 -y ea r  traffic, — the so-called 5 - y e a r  t ra f f ic ; this 
wil l a lso be sufficient to  dea l  w i th  u rg e n t  traffic in emergency  
cases  a f t e r  completion of the  na t io n a l  line n e tw o rk .  R ad io  wil l 
th en  be r e ta in e d  as a  spare .

6.2. R a d i o  t e l e g r a p h  e x c h a n g e
Buenos  A ires  is the  cen tre  of the n a t io n a l  rad io  n e tw o rk ,  

w i th  H .F .  single side b a n d  connections w i th  all  provincia l  c a p 
i ta ls  an d  a  few  b igger  to w n s  inland. T he  a c tu a l  t r an sm i t t in g  
an d  receiving s ta t io n s  la y  on oppos i te  sides outs ide  the  tow n ,  
all  traffic will  be h an d led  in the C e n t r a l  Office.

This handl ing  is h o w e v e r  no t  m anua l  b u t  fully au tom at ic ,  
and  is c a te r e d  for  b y  a  rad io  te leg rap h  exchange in com bina
tion w i th  a  t a p e - r e l a y  system.

O n  the  r ad io  connections all  traffic goes via p re -punched  
t a p e ;  a t  the  ou t ly ing  s ta t io n s  b y  means of k e y b o a r d - p e r f o r a 
to r s  an d  double  t ransm iss ion  heads ,  —- double  so as  no t  to 
lose time b y  the  inser t ion  of tapes .  The  t ransm iss ion  speed  
will  be 160 te leg ram s p e r  hour,  so as  to use to full cap ac i ty  
the  r a t h e r  cos t ly  rad io  circuits  w i th  th e i r  chain of equipment ,  
*—- an d  m oreover  to save  ae th e r - sp ace ,  d h e  receive equ ipm en t  
is b a se d  on a recep t ion  speed  of 170 t e l e g r a m s /h o u r : the  differ
ence w ith  the t ransm iss ion  speed  being caused  b y  the  selection 
time.

Incoming circuits a t  the  rad io  exchange -— be it  for  o u t 
going traffic from GBA-offices via one of the  line exchanges,  
or  fo r  incoming o r  t r a n s i t  r ad io  traffic — wil l  b y  line finders 
o r  p re -se lec to rs  be connected  to a  free rece ive-send unit.  I t s  
receiving p a r t  pe r fo rm s  the punching as n e c e s s a ry  for  outgoing 
traffic, an d  the t a p e  p rov ides  s to rag e  for  a 11 traffic.
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The punched  holes a re  being con tro l led  a n d  a f t e r  a te legram  
has  been  rece ived  the  t r a n s m i t t e r  p a r t  sends  it ou t  a f t e r  its 
a s so c ia ted  l ine-se lec tor  has  found a  free  connection in the 
w a n t e d  direction. The a v e ra g e  holding time will  be only  a b o u t  
ha l f  a  m in u te ; w h e n  in a b n o rm a l  cases  — em ergency  or  su d 
den c row ding  — a  te leg ram  has to  w a i t  fo r  more th a n  one 
minute, it  will be p a s s e d  on to one of 8 overflow posit ions in 
o rd e r  to  p re v e n t  a  hold-up of fol lowing te leg ram s  w i th  dif
fe ren t  des t ina t ions  on the  same tape .

The  d is t r ibu t ion  of incoming traffic to  G B A  offices goes via 
an  outgoing line se lec to r  a n d  a  free  junct ion to  the  w a n t e d  
l ine-exchange,  w h e re  one of a  g roup  of reg is te rs  t a k e s  over  
the  rou t ing  r a t h e r  as fo r  no rm al  local traffic.

The  use of t a p e - r e l a y  a l low s the  combinat ion  of line and  
rad io  circuits,  as  n o w  each  rad io  circuit  is complete  in i tself  
wi th  a  T O R - e q u ip m e n t  a t  b o th  ends .— n e c e s s a ry  fo r  the  
au to m a t ic  repe t i t ion  of signals  (for  this  T O R - e q u ip m e n t ,  see 
p a ra .  6.3.).

F rom  the beginning R o sa r io  will  be connected  v ia  l ines;  
o th e r  s ta t ions  in land m ay  follow w h e n  th e i r  line connections 
a re  improved,  a n d  befo re  the  full n a t io n a l  line n e tw o r k  w i th  
its au tom at ic  exchanges  comes into opera t ion .

Such offices will  then  ac t  as  regional  collecting an d  d i s t r i 
bu t ing  centres ,  functions n ow  a l r e a d y  to  be pe r fo rm ed  b y  the 
na t iona l  rad io  s ta t ions .  F o r  this  r e a s o n  a  rough  ana lys is  of 
the ex te rn a l  traffic of these  regions w a s  made,  rough because  
the  regions a re  n o t  too  well  defined an d  to a  ce r ta in  e x te n t  
can  be a r r a n g e d  w i th  the  exist ing line t e le g ra p h  circuits in 
th e i r  ne ighbourhood,  an d  in t h a t  of a s so c ia ted  zonal  an d  ru r a l  
s ta t ions  (see sections 7 an d  8). Stil l  an  ana lys is  a p a r t  from 
the  genera l  one w a s  w a n te d ,  as  obviously  the  ex te rn a l  traffic 
of a  region will  p ro  r a t a  be b igger  th a n  t h a t  of a  b igger  zone.

6.3. T e l e g r a p h  e q u i p m e n t
o n the rad io  p a th  one channel  of 3 kc /s  b a n d w id th  nominal  

a n d  300-2700 c/s a c tu a l  wil l n o rm a l ly  be ava i lab le  fo r  t e le 
g ra p h y ,  a l low ing  the use of maximum 18 tone-frequencies  a c 
cording to  C C 1 T  recom m endat ions .  As some sm al le r  s ta t ions  
can do w i th  a  small  t e l e g ra p h y  b a n d  an d  as the  in te rn a t io n a l  
f requency  a l locat ion  goes b y  5 kc/s, such s ta t io n s  wil l  ge t  
2 kc/s  fo r  te leg rap h y .
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In  to t a l  th e re  will be 66 full dup lex  te le g ra p h  connections 
ins ta l led.

To c o u n te ra c t  selective fading which might eas i ly  affect b o th  
the  m ark ing  an d  spacing frequencies  — being resp .  plus an d  
minus 35 c/s off the  nominal f requency ,  o r  a t  70 c/s d is tance  
,—■ d iv e rs i ty  will be used.  O n  one b u sy  ro u te  this  is space 
d ive rs i ty  a t  b o th  receiving si tes, on the o th e r  rou te s  the  t h e r e 
b y  n e c es s a ry  more expensive ae r ia l  an d  rece iver  a r ra n g e m e n t  
can be saved  b y  using f requency  d ivers i ty ,  no rm al ly  w i th  
720 c/s spacing b e tw e e n  the  nominal  frequencies.  The  ava i lab le  
n u m ber  of tone  frequencies  pe rm its  this.

U n d e r  a d v e rse  a tm ospher ic  condit ions — as long per iods  of 
deep  fading  a n d /o r  h e a v y  s ta t ics  — a  re l iab le  recept ion  of 
t e le p r in te r  signals  w i th  the i r  s h o r t  pulses of only 20 milli
seconds w ou ld  still no t  be a ssu red ,  an d  — more serious — the 
au tom at ic  selection of des t ina t ion  might  w e l l  be imperiled.

T h e re fo re  all  t e le g ra p h  circuits a re  m o reo v er  g u a rd ed  b y  
T O R -e q u ip m e n t s .  T O R  signifies " T e le p r in t e r  O n  R ad io" ,  an d  
means an  equ ipm ent  to  d e te c t  a n d  re jec t  f a u l ty  t e lep r in te r  
signals, ask ing  — a n d  giving — m oreover  an  au tom a t ic  r e p e 
ti t ion thereof .  This k ind  of equ ipm ent  has  been  developed b y  
the  D u tc h  P o s t  Office; in close coopera t ion  w i th  this service 
an electronic  execution w a s  developed,  spec ia l ly  sui ted  for  the 
p re s e n t  n e tw o r k  w i th  its medium dis tances .

I t  m a y  be po in ted  out  t h a t  T O R - e q u ip m e n t  does n o t  make  
the  use of d ive rs i ty  superfluous,  as repe t i t ion  ta k e s  time and  
does mean loss of speed  and  thus  of circuit  efficiency. The 
p re s e n t  T O R  uses a s to rage  circuit  to  p re v e n t  the slipping 
th ro u g h  of f a k ed  signals, as m ay  be p ro d u ced  b y  noise during 
fading  periods.  B y  increase  of s to rage  an d  thus  of rep e t i t io n  
time the secu r i ty  a g a in s t  this  can be increased ,  *— b u t  a t  the  
cost  of efficiency. This  se ts  a  p rac t ica l  limitation, and  so norm al  
p recau t ions  as d iv e rs i ty  should  no t  be neglected.

6.4. T e l e p h o n e  e q u i p m e n t

A l though  the rad io  n e tw o r k  is p r im ar i ly  in tended  for  t e le 
g ra p h y ,  it  wil l  also be used  fo r  te lephony .  As a  m a t t e r  of fac t  
t e le p h o n y  will  use the  b igger  p a r t  of the  f req u en cy  b ands ,  as 
in to ta l  th e re  will be 34 rad io  te lephone  channels  insta l led.



130 H. B. R. Boosman

In Buenos A i r e s ’ C e n t r a l  Office tw o  traffic contro l  rooms 
will  be equ ipped  w i th  m anual  exchanges,  having access to the 
te lephone  exchanges  of G B A ,  a n d  to the  long d is tance  traffic 
room a t  Buenos Aires  lo r  line t r a n s i t  traffic. R ad io  t r a n s i t  on 
the n e tw o r k  can al so be perfo rm ed .

A t  B uenos A ires  all  r a d io  circuits  t e rm in a te  a t  rad io  t e le 
phone te rm ina ls  w i th  au tom a t ic  level con tro l  and  silencing d e 
vices to p rov ide  anti-singing. T h e y  will in groups  of 6 be con
t ro l led  cen t ra l ly  on a  con tro l  d esk  in the technical  con tro l  
room.

A t  the  s ta t ions  in land fo r  the  b igger  ones a l r e a d y  ava i lab le  
te rm ina ls  w i  11 b e used,  the  o th e r  ones wil l  be p rov ided  writh 
h a n d  con tro l led  speech-panels .

The levels on the circuits  wil l be ca re fu l ly  controlled .  O v e r 
loading of the t r a n s m i t t e r s  wil l  be p re v en te d  b y  compressor-  
amplif iers ;  the  o u tp u t  from the rece ivers  to  the  te rm ina ls  wil l 
be p a sse d  th ro u g h  A lad s  (A u tom at ic  Level  A djus t ing  Devices)  
only reac t ing  to  speech, to  a s c e r ta in  a  p r o p e r  a v e rag e  level a t  
the  te rminals .

6.5. R a d i o  e q u i p m e n t
To save  on the  n u m b er  of t r a n sm i t te r s ,  th e re  wil l in Buenos 

A ires  t r a n sm i t t in g  s ta t io n  be a  n u m b er  of them serving more 
th a n  one out ly ing  s ta t ion ,  w h en  these  fall  to g e th e r  in the beam  
of the  (mostl3r) rhombic  ae r ia ls  w i th  on the  a v e ra g e  6 dB  
gain, -— a n d  w h e n  m oreover  th e i r  d is tances  to  Buenos A ires  
a l low  the  use of  the  same f requency .  The rece ivers  a t  such 
commonly se rv ed  s ta t ions  will  select  the  audio  f requ en cy  band(s)  
in tended  fo r  each  ol them.

T h e re  a re  f u r th e r  3 cases  w h e r e  a  fo r  a  n a t io n a l  s ta t ion  
qual ify ing to w n  lies so n e a r  to  a n o th e r  one t h a t  a comple te ly  
s e p a r a t e  equ ipm en t  w ou ld  no t  be justified. Such “ tw in ” s ta t ions  
a re  in te rconnec ted  b y  a  V H F - l in k ,  to  an d  from wdiich the 
traffic is p a s s e d  on w i th o u t  a n y  handling.  Fou r -channe l  c a r r ie r  
equ ipm ents  a re  used fo r  this pu rpose ,  w i th  a b a n d w id th  of 
4 kc/s  p e r  channel  an d  6 kc/s  channel  spacing.

In  to t a l  th e re  wil l thus  be in Buenos  A ires 16 t r a n s m i t t e r s  
(excluding sp a re s )  to  serve  30 ou t ly ing  s ta t ions .  W i t h  the ex
cept ion of 2 off 5 k W  p e a k  t r a n s m i t t e r s  t h e y  have  all 10 k W
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p e a k  p o w er .  T h e y  a re  equ ipped  w i th  3 p re - tu n ed  H F - u n i t s  
each, for  d a y  an d  night  a n d  ev en tu a l ly  twil ight .  W^ith an  eye 
to  the  f requency-changes  d ic ta ted  b y  the  su n sp o t  cycle all  coils 
a re  eas i ly  in te rchangeab le .  (The same app l ies  to  the  rece ivers  
which have  all  p re tu n e d  H F -u n i t s . )

A final economy is o b ta in e d  b y  dividing the  n a t io n a l  s ta t ions  
in first an d  second class s ta t ions ,  the  first class ones w i th  
round  the  clock service and  co rrespond ing  s p a re  provisions,  the 
second class ones for  mainly  d ay - t im e  w o rk ing  a n d  less spa res .  
Th is w i th  the  except ion  of six of them w hich  a re  se l f - suppor
ting, i.e. t h e y  c an n o t  r e ly  on a  ne ighbouring  s ta t ion ,  an d  a re  
equ ipped  accordingly .  D u r in g  the  s lack  n ight  hours  these  sec
ond-class  s ta t ions  will  communicate  w i th  Buenos  A ires  via the  
f irst-class s ta t ion  in the i r  a re a .

7. The zonal radio ?ietworks

Bigger  to w n s  in the  a r e a  of a  first class  s ta t io n  which, a t  
p resen t ,  have  in ad eq u a te  l ine-communications, will also be given 
a  rad io  connection to “ th e i r ” first  class s ta t io n ;  to g e th e r  w i th  
th e second class s ta t ion(s)  thus  forming zonal rad io  n e tw o rk s .  
Buenos A ires  i tse lf  wil l  also be the cen t re  of such a  n e tw o rk .

In these  n e tw o r k s  1 k W  t r a n s m i t t e r s  wil l be u se d ;  for  te le 
g r a p h y  th e y  can be k ey ed  in A1 b u t  also in F I  w i th  a  f r e 
quency  shif t  a d ju s ta b le  b e tw e e n  100 a n d  1000 c/s, a l lowing si
multaneous  t e lep h o n y  w i th  high p o w e r  modulat ion.

E ach  n e tw o r k  will have  tw o  o p e ra t in g  frequencies,  fo r  t r a n s 
mission an d  recep t ion  b y  the  centre ,  and  fo r  recep t ion  an d  
t ransm iss ion  b y  the ou t ly ing  s ta t ions ,  respec t ive ly .  D u r in g  
n ight-hours  a d ifferent  se t  of f requencies  wil l be used.

To a l low  d i rec t  communicat ion b e tw e e n  out ly ing  s ta t ions ,  
a  calling out ly ing  s ta t io n  can sw i tch  over  to  the cen t re 's  f r e 
quencies. All  s ta t ions  will have  a selective tone-calling device, 
the t r a n s m i t t e r  being A2 m odu la ted  b y  its te lep h o n y  m odula tor .  
The  cen tre  s ta t ions  wi u th  us have  tw o  p re - tu n e d  H F - u n i t s  in
sta l led,  the  ou t ly ing  s ta t io n s  four.  The  respec t ive  rece ivers  will 
be eq u a l ly  equipped.  All H F  tunings coils a re  eas i ly  r e p la c e 
able  w i th  a  view to the changes in f req u en cy  as  r e qu i red  b y  
the  su n sp o t  C3^cle.
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F o r  te le g ra p h y ,  normally ,  r e p e r fo ra t in g  te le p r in te r s  will be 
used, a l lowing a  quick an d  fau l t less  handl ing  of t r a n s i t  te le 
g ram s in b o th  direct ions.  W h e n  a tm ospher ic  condit ions a re  too 
b a d  fo r  a  t e l e p r in te r  connection, h a n d  morse  key ing  an d  au ra l  
recep t ion  can be used. The  te lephone  connections can  be con
nec ted  th rough  via hand-con tro l led  speech-pane ls ;  to  a sce r ta in  
a  good degree  of secrecy,  on the  zonal  rad io  rou te s  the  speech- 
b a n d s  a re  in v e r ted  b y  means of r e n v e r s o r  equipment.

The  zonal  n e tw o rk s  have  to g e th e r  9 cen tres  and  35 out ly ing 
s ta t ions .  In  to t a l  the re  wil l be ins ta l led  70 1 k W  t r a n s m i t t e r s  
w i th  a s so c ia ted  rece ivers ,  calling devices, etc.

8. The ru ra l radio networks

The  economical va lue  of m a n y  p a r t s  of the c o u n t ry  f a r  from 
Buenos A ires  is such t h a t  good communications a re  w a r r a n t e d ,  
also w i th  an  eye to f u r th e r  deve lopments .  D u e  to  the  big d is 
tances  involved good line connections wil l  t a k e  quite  some time 
to  mater ia l ise ,  so rad io  is the  in d ica ted  w a y  of communication 
f o r  a n u m b e r  of y e a r s  to come. I t  is p rov ided  in the  form of 
r u r a l  n e tw o rk s ,  of which th e re  a re  in to t a l  11 w i th  64 o u t ly 
ing s ta t ions .  C e n t r e  s ta t ions  a re  a lw a y s  na t io n a l  s ta t io n s ;  a t  
Buenos  A ires  a r u r a l  cen tre  s ta t ion  will also be insta l led .

T h re e  n e tw o r k s  w d l  be p ro v id ed  w i th  ava i lab le  100 W -  
t r a n s m i t te r s ,  all o the rs  w i th  75 W - t r a n s m i t t e r s .  E a c h  n e tw o r k  
has  n o rm a l ly  one se t  of 2 f requencies  fo r  d ay ,  a n o th e r  se t  for  
n igh t  opera t ion .  E a c h  se t  gives a  send and  a receive f r e q u e n c y  
fo r  the cen tre  an d  vice v e r s a  for  the  ou t ly ing  s ta t ions .  In  
some cases, how ever ,  tw o  sets  of day -f requenc ies  a re  used  fo r  
the  centre ,  in o r d e r  to serve  n e a r b y  a n d  d i s t a n t  out ly ing  s t a 
tions. All traffic has  to  pass  to  — a n d  th rough  — the  c e n t r e ;  
a l l  s ta t ions  have  a  selective calling device so t h a t  only  a w a n t e d  
s ta t io n  wil l  be called.

The  s ta t ions  can w o r k  A1 or  A3, A l  w i th  h a n d  morse ;  for  
the  out ly ing  s ta t ions  p o w e r  is de r ived  from m o to r  dr iven  A C -  
g e n e ra to r s .  F o r  te le p h o n y  secrecy  r e n v e r s o r s  a re  prov ided .

T h e re  will  m oreover  be 20 mobile r u r a l  s ta t ions ,  to  serve 
fo r  specia l  condit ions,  to  be used as  a  p re l im in a ry  solution or 
dur ing  emergencies.  T h e y  have  each  a “ tw in  75 W  t r a n s 
m i t te r  (2 H F - u n i t s  in one cabinet) ,  an d  a  rece ive r  fo r  2 f r e 
quencies.  The  s ta t io n  complete  w i th  a e r ia l  m a s ts  (for  t r a n s p o r t
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in sections)  a n d  mater ia l ,  cables  on drum s an d  the  like a re  
ins ta l led  in special  vans  on a  t ru c k  chassis .  F o r  the  p o w e r  
su p p ly  se rves  a  m o to r  dr iven  A C -g e n e ra to r ,  m ounted  on a  litt le 
t ra i le r ,  which during  use is p u t  a t  a  d is tance  of 15 y a r d s .  The  
s ta t ions  in the  ca rs  can be re m o te ly  con tro l led  f rom a  p o s t  
office o r  s imilar  building.

9. In ternational a n d  press radio service

The equ ipm ents  fo r  this  service will  be ins ta l led  in Buenos 
A ires  t r an sm i t t in g  and  receiving s ta t ions ,  and  o p e ra t e d  from 
the  C e n t r a l  Office in Buenos  A ires.

T h e re  wil l be ins ta l led  5 1 0 - k W  t r a n s m i t t e r s  an d  5 6 0 - k W  
t r a n s m i t t e r s  all  w ork ing  on high frequencies,  in the  beginning 
w i th  A1 or  F I  key ing  b y  high-speed morse t r a n s m i t t e r s  (m os t 
ly  w i th  100 B au d s)  — from ta p e s  p re -punched  in the  o p e ra t in g  
office. The  t r a n s m i t t e r s  a re ,  how ever ,  su i tab le  fo r  low p o w e r  
a n d  single s id e b a n d  modulat ion,  the  first w i th  15 k W  c a r r i e r  
p o w e r  a n d  the  l a t t e r  w i th  60 k W  p e a k  pow er .

A t  the receiving si tes d iv e rs i ty  recep t ion  will  be used  — 
w i th  h igh-speed p e n - r e c o r d e r s ; t r a n s m i t t e r s  a n d  rece ivers  wil l 
b o th  w o r k  on rhombic  aer ia ls .

The  1 0 - k W  t r a n s m i t t e r s  a re  of the  s e p a r a t e  H F - u n i t  ty p e  
a n d  fi t ted w i th  fou r  H F -u n i t s  each ;  the  6 0 - k W  s tages  — using 
s e p a r a t e  1 0 - k W  t r a n s m i t t e r s  as  pre-amplif ier  — can cont inuously  
be tu n ed  in the f req u en cy  b a n d  of 6 — 27 M c/s .

10. Mobile m aritim e service

The main s ta t ion  for  this  service is a t  Buenos Aires, the  
t r a n s m i t t e r s  being o p e r a t e d  from the receiving s ta t ion .  F o r  the 
accep tance  and  d is t r ibu t ion  of te leg ram s this  s ta t ions  w o r k s  as  
a  t e le g ra p h  office on^the  G B A  line n e tw o rk .

F o r  the p a s se n g e r  ships te lephone  service 2 rad io  te lephone  
te rm ina ls  wil l be ins ta l led  in the  receiving s ta t ion .

M o re o v e r ,  th e re  a re  3 f irst-class co as ta l  s ta t ions ,  7 second- 
class co as ta l  s ta t ions  an d  finally 8 r iv e r  s ta t ions  a long r ivers  
(and  a lake) inland.

A t  Buenos A ires  t r an sm i t t in g  s ta t ion  th e re  will  be i n s t a l l e d :
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6 5 - k W  H F  t r a n s m i t t e r s
3 1 0 - k W  H F  t r a n s m i t t e r s
1 6 0 - k W  p eak  H F  t r a n s m i t t e r
2 5 - k W  M F  t r a n s m i t t e r s

E a c h  first-class s ta t io n  will h a v e :

2 0 ,5 - k W  M F  t r a n s m i t t e r s
1 1 - k W  M u l t ip le  H F  t r a n sm i t te r .

E a c h  second-class  s ta t io n  wil h a v e :

2 0 ,5 - k W  M F  t r a n s m i t t e r s
2 0 , 1 - k W  H F  t ra n sm i t te r s .

E a c h  r iv e r  s ta t io n  will  have  :

2 0,1-kW^ H F  t r a n s m i t t e r s ;  
in add i t ion  6 of t h e m :

2 0 , 5 - k W  M F  t r a n s m i t te r s .

A t  all  s ta t ions  c o r re sp o n d in g  receiving equ ipm en t  wil l be in
s ta l le d ;  especia l ly  a t  B.A. receiving s ta t io n  f i t ted w i th  a  good 
a r r a y  of o p e ra t in g  posit ions so as  to  ensure  a r e a l ly  high- 
g r a d e  ship service.

11. The telex network

In  Buenos Ai res th e re  will  be ins ta l led  an  au to m a t ic  e x 
change fo r  the  handl ing  of p r iv a te  t e le g ra p h  (te lex) traffic. The  
exchange resem bles  in m a n y  re sp e c t s  the  line te leg ra  ph ex
change ment ioned  a b o v e ;  overflow posit ions a re  n o t  p ro v id ed  
how ever .  W h e n  the  connection to a  w a n te d  su b sc r ib e r  is n o t  
free,  an  engaged  signal wil l  be given to  the  call ing subscr ibe r .

The exchange will  orig inal ly  be equ ipped  for  200 subscr ibe rs ,  
w i th  provis ions fo r  a  possib le  ex tens ion  to 900 in to ta l .  The  
subsc r ibe rs  use p a g e - te le p r in te r s  w i th  k e y b o a r d  s e le c t io n ; th e y  
will be connec ted  to  the exchange via  single- o r  do ub le -cu r ren t
d.c.-circuits.

The  o p e ra t io n  in the  G B A  a r e a  is fu l ly  a u to m a t ic ;  to  reach  
subsc r ibe rs  in o th e r  to w n s  those  in G B A  m us t  r e s o r t  to  an  
o p e r a to r  w ho  can m ake  connections via  t e le g ra p h  circuits  in 
the  na t iona l  r ad io  n e tw o rk ,  — l a t e r  on the  n a t io n a l  line n e t 
w o rk .
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The  charges  fo r  the  service will  be made  in pe r iods  of 3 
minutes,  r e g is te re d  b y  counters .  T r u n k  connections will  be 
t im e-contro l led  b y  the o p e ra to r s .

12. M iscellaneous equipment

The traffic b e tw e e n  the  C e n t r a l  Office a t  Buenos A ires  a n d  
its na t iona l  t r a n sm i t t in g  an d  receiving s ta t ions  goes over  cable 
pairs ,  g rouped  in the  channels  t h a t  wil l  be combined b y  the  
p re -m o d u la to r s  of the  t r a n s m i t te r s ,  resp .  as th e y  a re  o b ta in ed  
from the de -m odu la to rs  fol lowing the  receivers .

The opera t ing  an d  key ing  of the t r a n s m i t t e r s  fo r  the  in land 
P re  ss Se rvice, fo r  the  M o b i le  M a r i t im e  Service  a n d  fo r  Buenos 
A ires '  zonal  a n d  r u r a l  s ta t io n s  is, how ever ,  p e r fo rm ed  via 
V .F . - t e le g ra p h  connections,  as  is the  pass ing-on of the  rece ived  
signals  to —- or  via  — the  C e n t r a l  Office. F o r  these  p u rposes  
lu l ly  lo ad ed  24-tone F M  te leg rap h  sys tem s  wil l  be used,  h o w 
ev e r  in a  one-sided execution as  only  o n e -w a y  connections a re  
w a n te d .

As a  s p a re  fo r  the  cables  m entioned  above ,  U H F - l i n k s  will  
be p rov ided  b e tw e e n  the C e n t r a l  Office a n d  the  t ran sm i t t in g  
resp.  the  receiving s ta t ion .  T h e y  use a 8-cm t r a n s m i t t e r  of 
a b o u t  1 0 - W  p o w er ,  double  f req u en cy -m o d u la ted  via a  24- 
channel  c a r r i e r  sys tem.

F o r  the  servicing of the equ ipm ent  in the  9 zones in land 
th e re  wil l be p ro v id ed  9 service cars ,  one fo r  each  zone. In  a  
b o d y  on a  t ru c k  chassis  th e y  conta in  a v e r y  complete  se t  of  m e a 
suring equ ipm ent  a n d  ins t rum en ts ,  t o g e th e r  w i th  a  wel l  a s s o r t 
ed collection of sp a re  p a r t s .  Small  r e p a i r s  can be p e r fo rm ed  
in a  l i t t le  w o rk -sh o p  w i th  a  bench-vice an d  o th e r  tools.  A 
small  t r a i l e r  can  c a r r y  h e a v y  equipments  o r  s p a re  p a r t s .

F o r  the  service a n d  m ain tenance  of the  equ ipm ent  in the  
G B A  -a re a  an  extensive  se t  of m easur ing  equ ipm ent  is p rovided .  
F o r  fixed con tro l  an d  monitor ing  po in ts  the  n e c e s s a ry  desks  
w i th  equipments  a re  prov ided ,  as  w e l l  as  the  n e c e s sa ry  o p e 
ra t in g  desks.

A p a r t  from the above  m entioned  p o w e r  supplies  fo r  r u r a l  
s ta t ions ,  133 D ie se lm o to r  d r iven  a .c . -genera to rs ,  w i th  a  to t a l  
p o w e r  of some 2250 K V A  will  be in s ta l led  fo r  va r ious  o th e r  
s ta t ions .



_____
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The T .O .R . circuits for the Argentine radio-links *)

by W .  S ix * * )

Lecture delivered for the Nederlands Radiogenootschap on December 17th, 1954.

1. Introduction
A na t iona l  t e le g ra p h  sys tem  w hich  will  link all p a r t s  of the  

coun try ,  has  been p lanned  fo r  the A rgen t ine .  O n e  section of 
this  sy s tem  is a  rad io  n e tw o r k  connecting Buenos  A ires  w i th  
the  out ly ing  s ta t ions .  The  cen tre  of these  rad io  links is an  
au tom a t ic  te leg rap h  exchange a t  Buenos Aires,  which exchange 
includes a  t a p e  r e l a y  system. The  rad io  communications a re  
c a r r ied  ou t  on high Irequencies and,  genera l ly ,  over  long d is 
tances .  I t  will, the re fo re ,  be c lea r  t h a t  it  is n e c e s s a ry  to  p r o 
te c t  the coded messages  a n d  the selecting-code a g a in s t  e r ro r s  
due to fading an d  in te r fe rence ;  o therw ise ,  the  p ro b a b i l i ty  for  
muti la t ion  w ould  be too high. F o r  this reason ,  the  rad io  links 
a re  g u a rd ed  b y  T . O . R .  circuits  ***).

The T . O . R .  equ ipm ent  p re v en ts  f a u l ty  signals from being 
given th ro u g h ;  if a  signal is muti la ted ,  it  is re jec ted  b y  the 
rece iver  an d  an  au to m a t ic  repe t i t ion  ta k e s  place. The  first 
equ ipm ent  of this k ind  w a s  deve loped  b y  D r  H .  C. A. van  
D u u r e n  of the  D u tc h  P o s t  Office ]) and  has  been  in o p e ra t io n  
fo r  sev e ra l  y e a r s ; it  is in o p e ra t io n  on the  in te rn a t io n a l  rad io  
link A m s te r d a m - N e w  Y o rk .  D r  v an  D u u r e n  s sys tem  w a s  
deve loped  fo r  a  4-channel  mult ip lex  sys tem  a n d  w o r k s  w i th  a 
“3 ou t  of 7 ” code. The 5-unit  code t a k e n  from a  n o rm al  t a p e  
is t r a n s l a t e d  into a  3 ou t  of 7 code. A f t e r  recept ion ,  the  3 to 
4 ra t io  of the  units  of a  c h a r a c t e r  is checked ;  th e re u p o n  the 
3 ou t  of 7 uni t  code is t r a n s l a t e d  again  into the 5-unit  code, 
so t h a t  the  convent ional  t e l e p r in te r  can be used. This T .O .R .  
equ ipm ent  is an  e lec t ro -mechanica l  sys tem .

*) W i t h  k ind  permission  of  the E d i t o r  o f  Phi l ips  C o m m unica t ion  N e w s .
**) Phi l ips  Te lecom m unica t ion  Indus t r ie s ,  H i lv e r su m  - N e th e r l a n d s .
***) T . O . R .  is the a b b r e v a t io n  o f  " T e l e t y p e  O n  R a d i o ” .
*) H .  C.  A. v a n  D u u r e n, T y p e n d ru k te l e g ra f i e  over  r ad io v e rb in d in g e n  

( T . O . R . ) ,  T i jd sch r i f t  van  het  N e d e r l a n d s  R a d io g e n o o t s c h a p  X V I ,  53  — 67,
1951.
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In  the A rgen t ine  project ,  one b a n d  of 300-2700 c/s on the 
radio- l inks  is r e s e rv e d  fo r  the  t e le g ra p h  channels .  A n  18-channel 
c a r r ie r  sy s tem  is used  on this band ,  the  channel  spacing being 
120 c/s. F o r  this c a r r i e r  sy s tem  a  n e w  T . O . R .  equ ipm ent  has  been 
deve loped  b y  N .V .  Phil ips '  Telecommunicat ie  In d u s t r ie  in close 
co-opera t ion  w i th  the  D u tc h  P o s t  Office. In o r d e r  to  evade  
the  r a t h e r  e l a b o ra t e  t r a n s la t io n  from 5-unit  code into 7-unit  
code a n d  b ack  aga in  into 5-unit  code, it  w a s  decided  to  use 
the  no rm al  5-unit  code a n d  to  check the  form of the  rece ived  
signals. F u r th e rm o re ,  i t  w a s  dec ided  to  develop  an  a l l -e lec t ro 
nic circuit. In  the e lectro-mechanica l  sys tem,  m os t  of the  sw i tc h 
ing is done b y  r e la y s  of which  seve ra l  have  to  w o r k  e v e ry  
20 milliseconds, t h a t  is a b o u t  4 million times a  day .  C o n s e 
quen t ly ,  cons iderab le  m ain tenance  is req u i red  fo r  such a  system. 
In the e lectronic  circuit,  m os t  of the  sw itch ing  is done b y  
means of co ld-ca thode  tubes ,  which  have  a  v e r y  long life, as  
wi II be exp la ined  la te r .  F o r  some special  functions, vacuum 
tu b es  h a d  to be used.

W h e n  using the  5-unit  code, it  is n e c e s s a ry  to  a p p ly  the 
f req u en cy  shif t  m e thod  of t ransmiss ion ,  o th e rw ise  th e re  is no 
poss ib i l i ty  of checking the received signals .  In  the  rece iver  it 
m us t  be possible  to  dist inguish b e tw e e n  a  m ark ,  a  space  an d  
fading.  W d th  an  on-off-s3' s tem th e re  a re  only tw o  si tuations,  i.e. 
a  signal giving a  mark ,  o r  no signal giving a  space,  an d  thus  
the  difference b e tw e e n  a  space an d  fading canno t  be dis t inguished.

In  the f req u en cy  shif t  sy s tem  the f requency  is sh if ted  to one 
side fo r  a  m a rk  an d  to  the  o th e r  side fo r  a  space.  W T e n

fading  occurs, no signal is 
ob ta ined .  In  the  discrimi
n a to r  of the rece iver  th e re  
a re  tw o  filters, as show n 
in fig. 1. The  shif t  is 35 c/s 
to e i the r  side of the  cen tre  
f req u en cy  f m . The  signals  
pass ing  th ro u g h  the filters 
a re  rectified, viz., the  lo w e r  
f req u en cy  f x to  a  plus an d  
the h igher  f req u en cy  / 2 to  a 
minus po ten t ia l .  W h e n  th e re  
is no signal o r  only the  cen tre  
f requency ,  the  d iscr im ina
to r  gives zero po ten t ia l .

Fig.  1
D is c r im in a to r  w i th  a  cen t re  f r e q u e n c y  
f m . A signal hav ing  a  f r e q u e n c y  f \  is 
rectified to a  plus  poten t ia l ,  ‘a s ignal 
hav ing  f r e q u e n c y  ƒ 2 to a minus  potent ia l ,  
a n d  a  s ignal w i t h  a f r e q u e n c y  f m  to 
zero potent ia l .



The T .O .R . circuits for the Argentine radio-links 139

As a l r e a d y  mentioned, 
the sys tem  w o rk s  w i th  
the  norm al  5-unit  code 
t a k e n  from a  tape ,  to 
w  hich a  s t a r t -  and  a  
s top  signal is added .  The 
speed  is 50 b a u d s ;  thus 
the d u ra t io n  of one unit  
is 20 milliseconds and  
t h a t  of a c h a r a c t e r  HO 
millis econds. Therefo re ,  
the  speed  is a b o u t  428 

le t te r s  p e r  minute. P ro te c t io n  a g a in s t  f a u l ty  signals requ ires  
seve ra l  opera t ions ,  n a m e l y :
a. I n  the  rece iver  the signals  must  be te s ted .  This is done 

b y  a  gate ,  as  show n in fig. 2. The  w id th  of the ga te  is 8 
milliseconds and  the he ight  is a d ju s ta b le  from 30 %  to 50 °/0 
of the maximum signal. A m a rk  must  be above  the t h r e s h 
old of the posit ive ga te  an d  a space  be low  t h a t  of the 
negat ive  gate .  W h e n  the p o te n t ia l  of a m a rk  falls a t  a n y  
in s ta n t  b e lo w  the  th re sh o ld  of the  ga te ,  o r  the  po ten t ia l  
of a  space  r ises above  this  th resho ld ,  the  signal is re jected .

b. W h e n  a  signal is re jec ted ,  recep t ion  is d iscontinued and  
a d em an d  fo r  rep e t i t io n  is sen t  to  the t r a n s m i t t e r  over  the 
r e tu r n  channel  of the  duplex  system.

c. W h e n  the  d em and  for  repe t i t ion  is received,  the t a p e  
t r a n s m i t t e r  is s to p p ed  an d  the T . O . R .  sen d e r  s t a r t s  r e 
p ea t in g  a  n u m b e r  of code elements .  The num ber  of e lements  
t h a t  must  be r e p e a t e d  depends  on the p ro p a g a t io n  time 
from t r a n s m i t t e r  to rece iver  a n d  back,  including the p r o 
p ag a t io n  time of the cables  an d  the filters in the sys tem .  
T here fo re ,  the sen d e r  needs  a  m em ory  of as m a n y  elements  
as m us t  be r e p e a te d .

d. The T .O .R .  sen d e r  a n d  rece iver  m ust  ru n  in svnchronism 
w i th  each other ,  so t h a t  the  r e p e a te d  e lements  link up 
w i th  those  elements  a l r e a d y  received before  the dem and  
for  rep e t i t io n  w a s  sen t  out. To secure synchronism, sen
d e r  a nd rece iver  a re  f itted w i th  a c r y s t a l  osc i l la tor  of 
60 kc/s. This f requency  is d iv ided b y  tw o  m ul t iv ib ra to rs ,  
first to 5 kc/s  an d  then  to 500 c/s. The  l a t t e r  f req u ency  is 
d iv ided to 50 c/s b y  means of a 10-counter.  The  coun te r  
gives impulses w i th  a  spacing of 20 milliseconds b y  which

Accepted+ Accepted- Rejected —

Fig.  2
G a t e  c i rcui t  in tester .  F ro m  left  to r igh t  
a re  s h o w n  : an  a c c e p te d  plus ,  an  acce p ted  
minus,  a n d  a re jec ted  minus  signal.
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sen d e r  a n d  rece ive r  a re  governed.  P h a s e  synchronism is a s 
su red  b y  a  correc t ion  n e tw o r k  in the  rece iver  which wil l 
be expla ined  la te r .

The d em and  fo r  rep e t i t io n  is effected b y  giving zero p o te n 
t ia l  to  the  m o d u la to r  so t h a t  the  cen tre  f req u en cy  is sen t  out  
on the  r e tu r n  channel.  I t  will  be c lea r  t h a t  the  te leg ram  on 
the  r e tu rn  p a th  wil l then  be muti la ted .  T here fo re ,  repe t i t ion  
m ust  a lw a y s  t a k e  place s im ul taneous ly  on b o th  channels  of the  
dup lex  system.

The o p e ra t io n  of the  T . O . R .  equ ipm ent  will  now  be expla ined .

2. The T .O .R . sender

The block d iag ram  of the T . O . R .  s e n d e r  is given in fig. 3. 
As a l r e a d y  mentioned,  the  s en d e r  is governed  by  the  20-milli
second-spaced  impulses from the  10-counter. In  the  7 -coun ter  
the  140-mill isecond-spaced impulses r e q u i red  for  each  c h a ra c te r ,  
a re  formed.

The  10-counter,  of which  a  desc r ip t ion  wil l be  given in (5.2.), 
conta ins  a  se t  of  10 co ld-ca thode  tu b es  of w hich  on ly  one is 
fired a t  a  time. The  co u n te r  is s t e p p e d  f o r w a r d  u n d e r  contro l  
of the 2-mill isecond-spaced impulses de r ived  from the  500 c/s 
f req u en cy  divider.  E a c h  tube,  the re fo re ,  is fired dur ing  a  pe r iod  
of 2 milliseconds only, a t  in te rva ls  of 20 milliseconds.

20-mill isecond-spaced impulses may,  the re fo re ,  be de r ived

. j

Fig .  3
B lock  d ia g ra m  o f  the T . O . R .  sender .
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from each  link of the  r ing counter ,  the  time difference b e tw e e n  
the  impulses being a  mult iple  of 2 milliseconds. As sh o w n  in 
the  d iag ram  b y  the  d o t t e d  lines, the  10-counter  supplies  s t e p 
ping impulses to  the  d i f feren t  p a r t s  of the  circuit. The  phase  of 
the  impulses is chosen so t h a t  the  s tepp ing  ta k e s  place in the 
c o r rec t  sequence.

In  Buenos Aires  the  60 kc/s  oscil la tor ,  the  5 kc/s  an d  500 
c/s f req u en cy  dividers,  the  10-counter  and  the 7 -coun te r  a re  
common fo r  all  T .O .R .  senders ,  w h e re a s  in the  ou t ly ing  s t a 
tions, th e re  is a  common 60 kc/s  osc i l la tor  an d  5 kc/s  f r e q u e n 
cy  d iv ider ;  b u t  a  500 c/s divider,  10-counter  an d  7 -coun te r  a re  
p ro v id ed  fo r  each T .O .R .  equipment .  This is done because  the 
rece iver  in an  ou t ly ing  s ta t io n  is synchron ized  w i th  the  sende r  
in Buenos Aires .  This  synchron iza t ion  ta k e s  place  in the  500 
c/s divider, as wil l be exp la ined  la te r .  In  an  ou t ly ing  s ta t ion ,  the  
rece iver  an d  sen d e r  a re  in synchronism because  bo th  a re  governed  
b y  20-mill isecond-spaced impulses from the  same 10 counter .

The rece iver  in Buenos  A ires  is synchron ized  w i th  the sen d e r  
in an  out ly ing  s ta t ion .  T here fo re ,  th e re  wil l be a  phase  differ
ence b e tw e e n  sen d e r  a n d  rece iver  in Buenos Aires ,  depending  
on the p ro p a g a t io n  time b e tw e e n  the  tw o  s ta t ions .  C o n s e q u e n t 
ly, in Buenos A ires  th e re  is a  s e p a r a t e  500 c/s d iv ider  an d  
10-counter  fo r  each  receiver .

The  5-unit  code in fo rm a t io n ,J re a d  from the  p e r f o r a t e d  ta p e  
b y  the  sensing pins of the  au to m a t ic  t a p e  t r a n sm i t te r ,  is t r a n s 
f e r r e d  over  5 w ires  to the  d is t r ibu to r ,  b y  means of  the  140- 
mill isecond-spaced s tepp ing  impulses.  These  s tepping  impulses 
a re  also sen t  to  the  clutch m ag n e t  of the  t a p e  t r a n sm i t te r .  The  
re su l t  is t h a t  e v e ry  140 milliseconds this  t a p e  is a d v a n ce d  one 
c h a ra c te r  b y  the  motor .  In  the  d i s t r ib u to r  the  s t a r t  an d  s top  
elements  a re  a d d e d  to  the  5-unit  code. This  d i s t r ib u to r  is a  
shif t  memory .  I t  is s t e p p e d  b y  20-mill isecond-spaced impulses,  
he nee the e lements  of the  code wil l be sen t  ou t  in sequen t ia l  form.

F rom  the  d i s t r ib u to r  the signals p a ss  the  se lec to r  in the  
N a t io n a l  t e le g ra p h  exchange an d  a re  led to the tone equipment,  
w h e re  th e y  a re  m o d u la ted  a n d  p a s s e d  on to  the  rad io  t r a n s 
mit te r .  T h e y  a re  also fed into the  14-element shift memory. E v e r y  
signal e lement  fed  into the  memory  will  be s t e p p e d  th ro u g h  the  
14 s to rag e  posit ions of the  m em ory  b y  the 20-mill isecond-spaced 
impulses.  A f t e r  280 milliseconds,  an  e lement  will  be s te p p e d  
ou t  of the  m em ory  and d iscarded .

W h e n  a  d e m a n d  for  rep e t i t io n  from the  outlying s ta t io n
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en te rs  the  rece iver  — this d em and  for  rep e t i t io n  being one 
e lement  zero p o ten t ia l  — the t e s t e r  in the  rece iver  responds  
to  zero p o te n t ia l  in s te a d  of to a  plus o r  minus p o ten t ia l  (m ark  
o r  space) ;  a  signal is then  sen t  to  the reg u la to r ,  switching  it  
over.  S imultaneously ,  the  r e g u la to r  pa sse s  signals  to the  t r a n s 
m i t te r  cu t-ou t  switch ,  the  d i s t r ib u to r  cu t-ou t  switch,  the  demand-  
repe t i t ion  switch, the  memory-circula te  switch  a n d  the  repe t i t ion  
counter.  These  signals  cause the  following opera t ions  to  t a k e  place :
a. The  t r a n s m i t t e r  cu t-ou t  sw i tch  is o p e ra te d ,  and  hence the 

140-millisecond-spaced impulses to the  sensing pins an d  to 
the  clutch of the  t a p e  t r a n s m i t t e r  a re  in te r ru p ted ,  so t h a t  
no fu r th e r  signals  a re  t r a n s f e r r e d  to the  d i s t r ib u to r  and  
the t r a n s m i t t e r  is s topped .

b. The  d i s t r ib u to r  cu t-ou t  sw i tch  is o p e r a t e d  so t h a t  the  20- 
mil l isecond-spaced s tepp ing  impulses to the  d i s t r ib u to r  a re  
cu t  off. C onsequen t ly ,  the  d i s t r i b u to r  s tops  an d  does  no t  
send ou t  an y  f u r th e r  code elements .

c. The  d em an d -rep e t i t io n  switch  is a c t iv a te d  only during  one 
t ime-element  of 20 milliseconds. H ence ,  one ze ro -po ten t ia l  
e lement  is sen t  out. This is done because ,  as  a l r e a d y  m en
tioned, the  t e s t e r  in the  rece ive r  canno t  dis t inguish b e tw e e n  
a  d em an d  fo r  a repe t i t ion  a n d  fading,  o r  b e tw e e n  a  d e 
m an d  for  a  rep e t i t io n  a n d  m uti la t ion  of the  incoming signal 
due to o th e r  causes.  I f  the  signal is m uti la ted ,  a  dem and  
fo r  repe t i t ion  m us t  be sen t  out. If, on the  o th e r  hand,  a  
d em an d  fo r  a  rep e t i t io n  is m ade  b y  the outlying s ta t ion ,  
it  is no t  n ecessa ry  to  send  out  zero p o te n t ia l ;  but ,  as will  
be exp la ined  la te r ,  th e re  is no object ion to  doing so.

d. The  memory-c ircu la te  sw itch  is o p e r a t e d  by  cut t ing off 
the  sending p a th  from the  d i s t r ib u to r  an d  a t  the  same time 
connecting the  o u tp u t  of the  mem ory  to  its inpu t  a n d  to 
the  tone  equipment .  The  code elements  s to re d  in the  14- 
e lement  memory  will, th e re lo re ,  s t a r t  to  c ircula te  in this  
memory  a n d  a t  the  same time a re  sen t  out.

e. The  repe t i t ion  coun te r  is s t a r t e d  an d  counts  14 time ele
ments  of 20 mill iseconds each. W h e n ,  a f t e r  280 milliseconds, 
this  co u n te r  has  com ple ted  its cycle, it  wil l  p ass  a  signal 
b a c k  to  the  r e g u la to r  which  wil l  then  r e tu r n  to  the  n o r 
mal posit i t ion,  unless a  " d e m a n d  rep e t i t io n  s ignal" is still 
p resen t .  A t  the end  of a  repe t i t ion  cycle the  l a s t  14 code 
e lements  will  have  been  r e p e a t e d  (except  the  first one 
w hich  is t r a n s m i t t e d  as  zero p o te n t ia l  b y  the  demand-
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re p e t i t io n  switch).  The  14 e lements  s to re d  in the  memory 
th en  occupy exac t ly  the same posi t ion  in the  memory as 
w h en  the  r e p e t i t io n  s t a r t e d .

I f  the  r e g u la to r  can n o t  r e tu r n  to  the  no rm a l  posi t ion  a t  the  
completion of the cycle of the repe t i t ion  coun te r  because  a  
d em an d -rep e t i t io n  signal is still p r e s e n t  a t  the  receiver ,  the  
t r a n s m i t t e r  cu t-ou t  switch ,  the  d i s t r ib u to r  cu t-ou t  sw i tch  an d  
the  memory-c ircu la te  sw itch  will  rem ain  o p e ra te d .  The  demand- 
rep e t i t io n  sw i tch  wil l aga in  be o p e r a t e d  for 20 mill iseconds 
a n d  the repe t i t ion  co u n te r  wil l be s t a r t e d  once more. Hence ,  
the  T . O . R .  s e n d e r  wil l r e p e a t  once more the  same 14 code 
elements .  If, how ever ,  no f u r th e r  r e q u e s t  fo r  rep e t i t io n  is r e 
ceived, the  switches  wil l be r e s to r e d  to  th e i r  norm al  posi t ions 
a n d  the  rep e t i t io n  coun te r  wil l s top  in the  zero posit ion. N o r 
mal t ransm iss ion  is then  resumed. The  d i s t r ib u to r  wil l  again  
be s te p p e d  f o r w a r d ,  con tro l led  by  the 20-mill isecond-spaced 
impulses.

3 .  The T .O .R . receiver

The block d iagram of the rece iver  is given in fig. 4. The  
signals  p icked up by  the  rad io - rece ive r  a re  p a s s e d  th rough  the 
tone  equ ipm ent  an d  a re  then  spli t  up into the 18 te le g ra p h  
channels  an d  co nve r ted  into m a rk  and  space  signals  fo r  each 
channel.  The  tone equ ipm ent  delivers  d.c. signals of the  same

Fig.  4
Block d ia g ra m  o f  the T . O . R .  receiver .
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impure  form as those  d e te c te d  b y  the rad io  rece iver  to  the 
T . O . R .  receiver .  The  t a s k  of re s to r in g  these  signals  to  the i r  
original  sq u a re -w a v e  form is le f t  to  the  T . O . R .  equipment.  1 his 
is n ecessa ry  in o r d e r  to  enab le  the  T . O . R .  to  fulfil its main 
function of te s t ing  the  signals  as to  w h e th e r  th e i r  qua l i ty  is 
sufficiently good fo r  accep tance .

The rece ived  signals  a re  p a s se d  th rough  the  g u a rd -m em o ry  
an d  the 7-element memory to  the  p r in te r .  The  signals  a re  s t e p 
ped  on th rough  the memories b y  20-mil l isecond-spaced impulses 
from the  10-counter.  In  the te s te r ,  all  the  incoming signals  a re  
t e s t e d  fo r  w a v e  form, as has  been  desc r ibed  in the  in troduct ion .  
All  posit ive signals  m ust  be above  the  posit ive th re sh o ld  of 
the  ga te  in the  te s te r ,  a n d  all  negat ive  signals  be low  the  n e g a 
tive th re sh o ld  (see fig. 1).

As soon as  a  signal is re jec ted ,  the  t e s t e r  sends ou t  a  signal 
to  the  regu la to r ,  switching  it  over,  a n d  causing it  to  p ass  sig
nals  to  the  memory-c ircu la te  switch ,  the  p r in t e r  cut-off switch,  
th e  T . O . R .  se n d e r  a n d  repe t i t ion  counter .  T hese  signals  br ing  
a b o u t  the  fol lowing changes in the  c ircuit :
a.  The  mem ory-c ircu la te  sw i tch  is o p e ra te d ,  d isconnects  the 

g u a rd -m em ory  from the  7-e lement  memory an d  connects  the 
inpu t  of the l a t t e r  to  its ou tpu t .  The  code e lements  in the 
7-e lement  memory will, the re fo re ,  c irculate  during  the time the 
r e g u la to r  is off normal.  A t  the  same time, the  code e lement  
t h a t  w a s  s to re d  in the guard-m em ory ,  as wel l  as  those  ele
ments  t h a t  a re  rece ived  a f t e r  the  sw itch  is opened, a re  lost.

b. The  p r in t e r  cut-off  is b iased ,  b u t  it  is no t  o p e r a t e d  as long 
as  the  7 -coun te r  is off normal.  The  re a s o n  lo r  this  is t h a t  
each  code e lem ent  is checked in d iv id u a l ly ; a n d  if a  uni t  
is re jec ted ,  the  connection is b ro k en  off in the  middle of 
a  c h a ra c te r .  The  p r in te r ,  how ever ,  will  a ccep t  only com
plete  c h a ra c te r s .  Since the  7 -e lem ent  m em ory  a lw a y s  con
ta ins  7-code elements ,  it  is possib le  to feed all the  units  
of the c h a r a c t e r  to  the  p r in te r ,  p ro v id ed  the p r in te r  c u t 
off sw i tch  does no t  open before  the  c h a r a c t e r  is completed.  
The 7 -coun te r  will  only be s t e p p e d  f o r w a r d  by  the 20- 
mil l isecond-spaced impulses* w h e n  it  has  rece ived  a  s t a r t  
impulse from the  7-e lement  memory. This s t a r t  impulse is 
p ro d u c e d  by  a  change in the  m em ory  from a plus to a 
minus po ten t ia l .  This change from plus to  minus a lw a y s  
t a k e s  place b e tw e e n  the s top  e lement  of  one  c h a ra c te  
a n d  the  s t a r t  e lement  of the  nex t  one, because  the  s to rp
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e lement  is a lw a y s  a  plus, a n d  the s t a r t  e lement  a  minus 
signal. If, due to  some re a s o n  or  o ther ,  the  7 -coun ter  
moves ou t  of phase ,  i t  w o u ld  be possible  for  the  7 -coun ter  
to  s t a r t  in the  middle of a  ch a rac te r ,  as, in general ,  each 
c h a r a c t e r  consists  of a  succession of changes  from plus to 
minus po ten t ia l ,  a n d  vice versa ,  besides  the changes occur
ring b e tw e e n  the stop- an d  the s t a r t  element.  The  7-counter  
could be s t a r t e d  in the middle of a ch a rac te r ,  b u t  it  canno t  be 
r e - s t a r t e d  before  it  has  comple ted  its cycle. As long as 
d ifferent  c h a ra c te r s  a re  rece ived  in succession, the  7- 
co u n te r  will,  in general ,  no t  receive a  s t a r t in g  impulse 
aga in  a f t e r  the completion of 7 elements , an d  thus  the 
coun te r  is g ra d u a l ly  sh if ted  unti l  i t  is in p h a se  w i th  the 
end of the c h a ra c te r ,  th is  being the  only ins tance  w h e re  
th e re  is a lw a y s  a  p o ten t ia l  change from plus to minus in 
in each ch a rac te r .  As the s ta r t in g  impulses norm al ly  a r r ive  
in r e g u la r  succession a t  140 millisecond in te rva ls  a t  the end of 
each c h a rac te r ,  impulses of 140 mill iseconds can be der ived  
from this counter ,  to  o p e ra te  the p r in te r  cut-off switch  
w h e n  it  is b iased  by  the  regu la to r .

c. The sende r  gives a  dem and-repe t i t ion  signal, as  has  been 
desc r ibed  in section 2.

d. The repet i t ion  coun te r  is s t a r t e d  a n d  counts  14 time ele
ments  of 20 milliseconds each. W h e n ,  a f t e r  280 mi m  seconds, 
this coun te r  has  comple ted  its cycle, it will  pass  a  signal 
back  to the  r e g u la to r  th rough  the guard  circuit,  unless one 
of the las t  5 e lements  has  been  re jec ted  by  the t e s t e r ;  the 
r e g u la to r  will then  r e tu r n  to its norm al  position. The reg u la to r  
should not  r e tu r n  to  no rm al  if one of the  la s t  5 e lements  
is re jec ted ,  because  a t  t h a t  moment  these  e lements  occupy 
the guard -m em ory  an d  will be t r a n s f e r r e d  to the 7-element 
mem ory  w h e n  the memory-circula te  switch  switches  over  
to normal.  F o r  this reason,  the g u a rd  circuit is in t roduced ,  
which only passes  the signal from the  repe t i t ion  counte r  
to  the r e g u la to r  if the  la s t  5 e lements  have  been accep ted  
by  the tes te r .
I f  the  r e g u la to r  canno t  r e tu r n  to  the  no rm al  posit ion 
a t  the  end of the cycle of the repe t i t ion  coun te r  because  
the incoming signals a re  still re jec ted  by  the tes te r ,  
the  memory-circula te  switch  an d  the  p r in te r  cut-off 
switch  remain  o p e r a t e d ;  again  a  dem and  repet i t ion  signal 
is given by  the sender  and  the repe t i t ion  wil l be s t a r t e d
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once more.  T herefo re ,  dur ing  a n o th e r  1-1 time e lements  of  
20 millliseconds no n e w  signal will be fed to  the p r in te r .  
D u r in g  every  per iod  of 14 time elements ,  the  7-e lement  
memory c ircula tes  twice,  an d  it  is in exac t ly  the  same posit ion 
a t  the  end of this  per iod  as  a t  the  beginning. G enera l ly ,  a t  
the end of the  per iod  some of the  code e lements  of the 
la s t  c h a ra c te r  p r in ted ,  a re  still p r e s e n t  in the  m e m o r y  
Therefore ,  the  p r in t e r  cut-off switch  is n o t  closed before  
the 7-counter  h as  completed  its cycle, t h a t  is a t  the  mo
ment  the  s ta r t in g  e lement  of the  n e w  c h a r a c t e r  is t r a n s 
f e r re d  to the  p r in te r .

3.1. The g u a rd  memory (5-element memory)

In  o rd e r  to explain the  function of the  guard -m em ory  the 
resu l ts  of a  per iod  of fading, i.e., w h e n  no signal is received,  
must  first be considered.  In  this  case, th e re  wil l sometimes be 
in te r ference  a n d  th e re  will  a lw a y s  be noise. N o w  it  w o u ld  
seem th a t ,  since the  ene rgy  of ran d o m  noise is d i s t r ib u ted  even
ly over  all  frequencies, the  en e rg y  pass ing  th rough  one of the  
tw o  filters in the d isc r im ina tor  of the tone equipment  (see fig. 2) 
w o u ld  equal  t h a t  passing th rough  the o th e r  filter so th a t ,  a f t e r  
rect ifying this  noise, equa l  posi tive an d  negat ive  po ten t ia l s  
w ould  be the  result ,  the i r  summation w h e n  connected  in series 
yie lding zero po ten t ia l .  This, how ever ,  is no t  t rue .  The  en e rgy  
of ran d o m  noise is equal ly  d i s t r ib u ted  over  all  f requencies  only 
w h e n  considering a long per iod ; fo r  a sh o r t  pe r iod  of 20 milli
seconds it  w il l  be found t h a t  the  ene rgy  is n o t  equa l ly  d is t r i 
bu ted ,  an d  will  sometimes pass  th rough  one filter of the  dis
cr iminator,  and  sometimes th rough  the  o ther .  T here fo re ,  during 
a  pe r iod  of fading,  noise p roduces  plus and  minus signals and  
these  signals wil l r each  the T . O . R .  receiver.

Fig. 5 show s signals  p ro d u c ed  by  noise during  fading, com
p a r e d  w i th  the time base  of the 20-mill isecond-spaced impulses. 
D u r in g  each time in te rv a l  of 20 milliseconds the  signals a re  
com pared  w ith  the ga te  signal which is show n as a  h a tc h e d  
block. W h e t h  e r  these  signals wil l be accep ted  by  the  t e s t e r  
depends  upon the i r  form, a n d  upon the i r  periodici ty .  In  general ,  
th e re  will be no phase  synchronism b e tw e e n  these  signals an d  
the  20-mill isecond-spaced impulses in the  receiver .  Still , th e re  
is a  cer ta in  p ro b a b i l i ty  t h a t  th ey  wil l be accep ted  as co r rec t  
signals, depending  on the  th re sho ld  of the te s te r .  E x p e r im en ts
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Cate

Fig. 5
Specim en  o f  signals  p ro d u c e d  by  noise; the  20-millisecond- 
sp aced  t im e-base  im pulses  a re  sh o w n  b y  p ips ,  a n d  the te s te r  
ga te  b y  h a tc h e d  b locks. T w o  e lem ents  a re  acce p te d  by  the 
tes te r .

have show n th a t  the  p ro b a b i l i ty  is a b o u t  0.05 w hen  the  th re s h 
old is a d ju s te d  to  50 °/0, and  0.1 w h en  it  is ad ju s ted  to 30 °/o 
of the  maximum signal. N a tu ra l ly ,  the  p ro b a b i l i ty  t h a t  more 
th a n  one signal will be accep ted  in succession is much lo w e r ;
e.g., the  p ro b a b i l i ty  t h a t  5 un its  will be accep ted  in succession 
is (0 .0 5 )5 ^  3 X  IO-7 fo r  the  50 ° / 0 th re sh o ld  and  IO-5 fo r  the  
30 ()/ 0 th resho ld . F o r  th is  reaso n  the  guard -m em ory  of 5 e lem ents  
has  been  in troduced . The code-elem ents  a re  no t  t r a n s f e r r e d  to 
the  7-elem ent m em ory before  a sce r ta in in g  t h a t  the  la s t  5 e le
m ents have  been accep ted  as co r rec t  signals. As soon as the  
t e s t e r  re jec ts  one element, the  4 p reced ing  e lem ents  a re  also 
re jec ted , by  opening the  m em ory-circu la te  sw itch . The p r o b a 
bility  th a t ,  during  a  pe r iod  of fading, a  signal will  be accep ted  
as a  co r rec t  signal, is thus  exceedingly  small.

3.2. The synchronization

To synchronize the  2 0 -millisecond-spaced impulses w i th  the 
incoming signal, these impulses a re  com pared  w ith  the  t r a n s 
itions from plus to  minus of the  signals in the  phase  com parison 
circuit (fig. 4). I f  the  20-millisecond-spaced impulses a re  leading  
in phase  w ith  re sp ec t  to the  t rans i t ions ,  the  phase-com parison  
circuit will pass  a r e ta rd in g  signal to  the  co rrec tion  coun te r  
(fig. 4), and, if the 2 0 -millisecond-spaced impulses a re  lagging 
w ith  re sp e c t  to  the  trans it ions ,  an  advancing  signal will  be 
given. The co rrec t ion  coun te r  counts e i th e r  the  r e ta rd in g  or 
the  advancing  signals. The co u n te r  s teps  f o r w a r d  as long as 
th  ere is a  succession of e i th e r  r e ta rd in g  o r  advanc ing  signals, 
b u t  i t  is p u t  to zero each time th e re  is a  change from advance  
to  r e ta r d ,  o r  vice ve rsa .  E ach  time the  correc tion  co u n te r  steps 
f o r w a rd  9 steps, the  synchronization  signals a re  passed  to  the



148 W . Six

500 c/s f requency  divider, causing this d iv ider  to be r e t a r d e d  
o r  a d v an ced  0.2  milliseconds, i.e., by  one cycle of the  5 kc s 
divider. W h e n  this has  been effected, the coun te r  is b ro u g h t  
b a c k  to zero.

Th e reason  for  in troducing  the  correc tion  coun te r  is similar 
to  t h a t  fo r  in troducing  the  guard-m em ory . A s a l r e a d y  m en
tioned, during  periods  of fading, signals will  be p ro d u c ed  by  
noise and , hence, th e re  will be p o ten t ia l - t ran s i t io n s  from plus 
to  minus. W h e n  these  t ran s i t io n s  a re  com pared  w ith  the  20- 
millisecond-spaced impulses, the  com parison  circuit will some
times find them  ad v a n ce d  an d  sometimes r e ta rd e d .  I f  the  syn
chronization  signals w e re  p a sse d  d irec t ly  to  the 500 c/s divider, 
th e re  w ould  be a  ce r ta in  p ro b a b i l i ty  th a t ,  during  a  long fading  
period , the  n u m b er  of advances  w ou ld  exceed t h a t  of the  r e 

ta rd a t io n s ,  o r  vice versa ,  
to  such an  e x te n t  t h a t  
the  noise w ou ld  b ring  the 
rece ive r  ou t of synch ro 
nization. A s  the  t r a n s 
itions p roduced  by  noise 
a re  e r ra t ic ,  the  p r o b a 
bility  t h a t  9 times in 
succession “ a d v a n c e ” or  
9 times in succession 
“ r e t a r d a t io n ” w ou ld  be 
found, is ve ry  small.

Buenos Aires Radio link Outlying station

4. The time sequence 
diagram

In  fig. 6 , 
quence di

sc
iagram

a time
fo r  a 

duplex connection b e 
tw e e n  Buenos A ires  an d  
an  outlying s ta t io n  is 
given, to  m ake c lea r  
w h a t  h appens  during  a 
repe ti t ion  period. I t  is 
assum ed t h a t  B uenos 
A ires  sends the  code 
elements, 1 , 2 , 3, 4, etc., 
and  t h a t  a t  the same



The T.O.R. circuits for the Argentine radio-links 149

time the outlying s ta t ion  sends the e lem ents a, b, c, d, etc. The 
e lem ents  sent from Buenos A ires  a re  received  in the outlying 
s ta t ion  a f te r  a ce r ta in  p ropaga tion  time. T his t r a n s i t  time in
cludes no t only the  p ro p a g a t io n  over the  rad io  pa th ,  b u t  also 
t h a t  over  th  e cable  circuits linking the  rad io  t ran sm it t in g  and  
receiving sites w ith  the  te leg rap h  o p e ra t in g  equipm ent, and  th a t  
th rough  the filters of the  tone- and  rad io  equipment. In the d ia 
gram the  to ta l  t r a n s i t  time hns been assum ed to be 50 milliseconds.

If, for instance, code e lem ent 8 is m utila ted  by fading or in te r 
ference, th is e lem ent will be re jec ted  by the  receiver  in the 
outlying s ta t ion  and  the  e lem ents 4, 5, 6 and  7 in the  guard-  
memory will be lost. The re g u la to r  gives the  command to ask 
for repetit ion , on which command one elem ent “ zero po ten t ia l '  
is sen t ins tead  of the code-e lem ent 0 . A f te r  a n o th e r  50 milli
seconds the  dem and  fo r  repeti t ion  is received  in Buenos A ires. 
Then first the dem and  for rep e t i t io n  is given and , a f te r  th a t ,  the 

sende r  in Buenos A ires  re p e a ts  the la s t  13 elements, s ta r t ing  
wi eh e lem ent 2. In this case the  dem and  for repe ti t ion  has  no 
effect because the re g u la to r  in the  rece iver  in the  outlying 
s ta t ion  is a l re a d y  opera t ing  a t  the  moment the  dem an d for r e 
petition  is received and  the  guard  circuit is not y e t  in operation . 
A t  the moment t h a t  the re p e a te d  element 4 e n te rs  the  guard -  
memory, the guard  circuit is o p e ra ted ,  and  if the re p e a te d  ele
ments 4, 5, 6 , 7 and  8 a re  accep ted  by the te s te r ,  the  re g u la to r  
is p u t  to the norm al position while the e lem ent 4 is t r a n s fe r r e d  
to  the 7-elem ent m em ory and  will be passed  to the p r in te r .  In 
the same w a y  the sender  in the outlying s ta t ion  re p e a ts  the 
la s t  13 elements, s ta r t in g  w ith  the  code-element b.

I n the d iagram , the p ro p ag a tio n  time has been assum ed to 
be 50 milliseconds. U n d e r  ce r ta in  c ircum stances, for instance, 
for transm issions over  a  long d istance, this time may be longer. 
F u r th e r ,  it is possible to give more th an  one zero e lem ent for 
repetit ion  dem and, in o rd e r  to have still g r e a te r  security , or 
to exten d the  guard -m em ory  to more th a n  5 elements. I he 
d iagram  show s th a t  a 2-elem ent period  (elem ents 2 and  3) r e 
mains for these  pu rposes .  If more th a n  this is needed, e i the r  the 
num ber of e lem ents  in the  sender memory must be increased  by 
seven, o r  the  14 e lem ents of the  memory m ust be re p e a te d  tw ice.

5. The cold-cathodc gas-discharge tubes

As a l r e a d y  mentioned, the  T .O .R .  equipm ent is an a ll-e lec
tron ic  device. M o s t  of the  switching is done by  co ld-cathode
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gas-d ischarge  tubes. F o r  this purpose, a special tube has been 
developed in the Scientific R esearch  L a b o r a to r y  of the N .V .  
Philips’ G loe ilam penfab r ieken  a t  E indhoven  ~). This is a gas- filled 
tube  w ith  th ree  or four e lec trodes  (Z  500 T w ith  5 e lectrodes, 
and Z 501 T w ith  4 e lec trodes)  (fig. 7), i.e., a ca thode , an 
anode  and  one or tw o  t r ig g e r  anodes. The ca thode  consists  of 
a nickel p la te  covered  w ith  a lay e r  of a c t iv a ted  barium oxyde ;

I
i

Fig. 7
T h e  co ld -ca thode  tubes  Z  500 T w i th  one tr igger  anode,  and Z  501 T

w ith  tw o  tr igger  anodes .

2)
matic

W .  S i x ,  C o ld -c a th o d e  gas-filled 
te lephony ,  C om m u n ica t io n  N e w s

tubes  as c i rcu it  e lem ents
X I V ,  5 8 — 69, 1954.

in auto-
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the  anode  is a  nickel tube, and  the  t r igge r  anodes  a re  nickel 
w ire s ;  the  gas is a rgon . The d is tances  b e tw e e n  the  e lec trodes  
a re  chosen so t h a t  the  b r e a k d o w n  vo ltage  V t b e tw e e n  t r ig g e r  
anode  and  ca th o d e  is 70 volts, and  the  b re a k d o w n  voltage 
V a b e tw e e n  anode  a n d  ca th o d e  is h igher th a n  180 volts. The 
susta in ing-voltage is 60 volts. W h e n  a  d ischarge  ta k e s  place 
b e tw e e n  the  t r ig g e r  anode  and  the  ca thode ,  the  gas in the 
tube  is ionized, th e re b y  decreasing  the  b re a k d o w n  voltage  of 
the  main d ischarge  gap. If, fo r  instance, the  b re a k d o w n  voltage  
b e tw e e n  anode  and  ca th o d e  is 160 volts, no ignition will ta k e  
place in this d ischarge  p a th ,  unless the  gas is p rev iously  ionized 
by  a  d ischarge  in the  t r ig g e r  gap a n d  a c u r re n t  it of more 
th a n  30 m icroam peres  flows in th is  gap. I t  m ay  be a d d e d  t h a t  
the  c u r re n t  it need  flow fo r  a  sh o r t  time only, since, as  soon 
as  firing has  occu rred  in the  main p a th ,  c u r re n t  continues to 
flow w h en  t t- is zero.

Ion iza tion  a n d  de-ionization of the  gas is n o t  in s tan taneous .  
The time needed  fo r  a  b re a k d o w n  is ca lled  the  ionization time 
and  is of the  o rd e r  of 100 microseconds. The time needed  fo r  
de-ionization  of the  gas is ca lled  the  re s to r in g  time an d  is a b o u t  
250 microseconds. This m eans t h a t  fo r  firing the  main p a th  the  
c u r re n t  in the tr igger  gap m ust flow fo r  a t  le a s t  10 0  m icrosec
onds ;  a n d  th a t ,  if the  d ischarge  in the  main p a th  is ex tinguish
ed, fo r  ins tance  by  decreas ing  the  vo ltage  b e tw e e n  anode  an d  
ca th o d e  be low  the  sustaining voltage, the  tube  will b re a k d o w n  
aga in  if, w ith in  250 microseconds, th is  vo ltage  is increased  
aga in  to  160 volts.

The d a t a  fo r  this tube  a re  :

B re a k d o w n  voltage  Va of main g ap :  ^>180 volts.
B re a k d o w n  voltage  of t r ig g e r  g a p :  66 to 74 volts.
Susta in ing  vo ltage  : 54 to 66 volts.
C u r r e n t  it in t r igge r  gap fo r  which Va is d ec rea sed  to  130 vo lts :

10 0  microamp.
N o rm a l  anode  c u r re n t  a t  w hich the ca thode  is fully  covered  
w ith  g low d i s c h a r g e : 6 mA.
Ion iza tion  t im e: approx . 100 microseconds.
R es to r in g  t im e : approx . 250 microseconds.
A v erag e  life of tube  w hen  o p e ra te d  w ith  no rm al anode  c u r re n t  
of 6 m A : 13.000 hours. A t  c u r re n ts  lo w e r  th a n  6 mA the  life 
of the  tube  is inverse ly  p ro p o r t io n a l  to  the  cu rren t ,  and  since 
the  tu b es  a re  m ostly  run  a t  a  c u r re n t  of 2.5 mA, the av e rage
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life w ould  be 30.000 hours. M o s t  of the  tubes, how ever,  a re  
fired fo r  sh o r t  pe r iods  only. F o r  instance, each tube  in a  10- 
coun te r  is fired one te n th  of the  time the  co u n te r  c ircu la tes ;  
the  av e ra g e  life of these  tu b es  will thus  be 300.000 hours, i.ev 
a b o u t  dO y e a rs ,  w hen  the  co u n te r  c ircu la tes  continuously.

4.1. Switching by means o f cold-cathode tubes

◄— iruirw

Fig. 8
C irc u i t  o f  a c o ld -c a 
thode  tu b e ;  the  c u r 
r e n t  fo r  in i t ia t ing  the 
the m ain  d isch a rg e  is 
supp l ied  b y  the c o n 
d e n se r  ac ross  the t r ig 
ge r  gap.

W e  have seen in the p reced ing  section 
t h a t  the  main p a th  of a co ld-ca thode  tu b e  
can be fired by  apply ing  a  specific vo ltage  
to  the  t r ig g e r  anode. A s show n in fig. 8 , 
i t  is n ecessa ry  to  p u t  a  res is tance  in series 
w ith  the  d ischarge  p a th ,  to  limit the  c u r 
ren t .  This res is tance  m ay be p u t  e i the r  in 
series w ith  the  anode  o r  in series w i th  
the  ca thode .  The vo ltage  d rop  across  the  
res is tance  can be used to  b ias  the  t r ig g e r  
ano de of a n o th e r  tube  o r  fo r  giving it  an  
impulse. I f  the  res is tance  is in series w ith  
the  ca thode ,  a  positive impulse is o b ta in e d ;  
if i t  is in series w ith  the  anode, a  n e g a 
tive impulse.

A s a l r e a d y  m entioned, the  c u r re n t  in 
the  t r ig g e r  gap m ust reach  a  c e r ta in  value 
and  then  continue to  flow fo r  a  c e r ta in  
time. T herefo re ,  it  is a d v a n ta g e o u s  to  
switch a  sm all condenser  ac ro ss  the  t r ig 
ger gap  as show n in fig. 8 . In  this case, 
the  energy  re q u ired  fo r  firing the  tube  is 
ve ry  low  since, as soon as the  tr igge r  d is 
charge  occurs, the  c u r re n t  is increased  by  
the  condenser  d ischarge .

o nee the  main p a th  of a  tube is fired, 
the  c u r re n t  flowing th rough  th is  p a th  is no 
longer  d ep en d en t  on the  tension  on the  
t r ig g e r  anode . T he re fo re ,  the  tube  can n o t  
be extinguished by reducing  the  vo ltage  on the 

t r ig g e r  anode, b u t  only by  reducing  the  tension b e tw e e n  anode and  
ca thode  be low  the  susta in ing  vo ltage, e i th e r  by  giving a  positive 
impulse to  the  anode  o r  a  nega tive  impulse to  the  ca thode .

If, fo r  instance, a  res is tance  common to tw o  tu b es  is p laced

Fig. 9
Self-q  uench ing  c ircu it
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in the  anode  circuit, one tube  can be extinguished by firing the 
o ther .  In  th is  case h o w e v e r  a l t e rn a te ly  one o r  the  o th e r  of the  
tu b e s  w ou ld  be in o p e ra t io n ;  consequently , the  life-time of the  
tu b es  w ould  be cons iderab ly  shortened . To p re v e n t  continuous 
opera tion , the  so-called m onostab le  m u l t iv ib ra to r  o r  self-quen
ching circuit is often  used.

A s show n in fig. 9, a  tube  can  be connected  in such a  w a y  
t h a t  firing ta k e s  place by  giving the  t r ig g e r  anode  a  sufficient
ly high p o te n t ia l ;  then , a f te r  a  ce r ta in  time, depending  on the 
t im e-cons tan t  of the  circuit, the  tube  w ill  au tom atica l ly  ex tin
guish. As long as th e re  is a  sufficiently high vo ltage  on the  
t r ig g e r  anode, the  tu b e  will period ica lly  fire and  extinguish. 
If, how ever ,  the  voltage is t a k e n  oil the  t r igge r  anode, the 
tube  will rem ain  extinguished. H ence , if one impulse of suffi
cient d u ra t io n  is app lied  to  the  tr igger,  one impulse will be 
o b ta in e d  a t  the  o u tp u t  of the  circuit *).

In  fig. 9, a  positive impulse on the  t r ig g e r  anode  re su lts  in a 
negative  impulse a t  the  ou tput.  If, how ever,  the  res is tances  R 19 

and  the  condenser  C a re  connected  in series w i th  the  c a 
thode , then  a  positive impulse a t  the  inpu t re su l ts  in a  positive 
impulse a t  the ou tpu t.  B y  apply ing  e i th e r  the  negative  impulse 
a t  the  o u tp u t  of the  self-quenching circuit  to  the  anode  of a n 
o th e r  tube , o r  the  positive impulse to  its ca thode , the  l a t t e r  
tube  can be extinguished. To show  in g r e a te r  de ta i l  how  c ir
cuits using co ld -ca thode  tu b es  a re  bu il t  up, tw o  circuits  used 
in the  T .O .R .  equ ipm ent will now  be given, namely, the  10- 
co u n te r  and  the  d is t r ib u to r .

5.2. The io-coiinter

The circuit  of 
the  1 0 -coun ter  is 
show n in fig. 1 0 . 
W h e n  the  s ta r t in g  
knob  is p ressed , the 
1 0 -counter  is s t a r t 
ed by  sw itch  .S, 
w hich  is close d fo r  
a  sh o r t  time only. 
W T e n  vS is closed, 
tube  1 fires. Resis-

*) T h e  func t ion ing  o f  this c ircu it  is exp la ined  on p. 62 o f  the a r t ic le  
c i ted  in foo tno te  2.
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to r s R x a re  connected  in series w i th  the  ca thodes  of all tubes ,  
and , in addition , a  common re s is to r  R 2 is p u t  in series w ith  the 
anodes .  The s tepping  impulses a re  fed, via condenser  C2f to  the  
t r ig g e r  anodes  of all tubes . The am plitudes  of the  impulses a re  
n o t  sufficiently g r e a t  to  cause a b r e a k d o w n  of the  p a th s  b e 
tw e e n  the  t r ig g e r  anodes  a n d  the  ca thodes ,  unless the  t r ig g e r  
anodes  a re  b iased .

W h e n  tube  1 is fired, the  t r ig g e r  anode  of tube  2  is b iased  
b y  the  vo ltage  d ro p  of a b o u t  60 volts  ac ross  the  ca thode  r e 
s is to r  R 1 of tu b e  1 . T here fo re ,  the  f irs t  impulse fires tube  2. 
A t  the  m om ent t h a t  tube  2 fires, the  vo ltage  d rop  ac ross  r e 
s is to r  R 2 increases  from a b o u t  40 vo lts  to 100  volts. H ence ,  the
tension  on the  anode  of tube  1 w ill  be 60 volts  a n d  the  tension
on the ca thode  is te m p o ra r i ly  k e p t  a t  a b o u t  60 volts , due to  
the  charge  on condenser  Cx. The vo ltage  b e tw e e n  anode  a n d  
ca thode  of tube  1 d ec reases  to  zero so t h a t  this tu b e  ex t in 
guishes. N o w , the  t r ig g e r  anode  of tube  3 is b iased , an d  the  
second impulse w ill  fire this tube  an d  extinguish tube  2. In  
th is  w ay ,  each  successive tu b e  is fired by  each  successive 
impulse a n d  the  prev ious  tube  extinguished. W T e n  tube  10 
fires, i.e., a t  the  te n th  impulse, the  t r ig g e r  anode  of tube  1 is
aga in  b ia sed  a n d  a t  the  n ex t  impulse this tube  fires ag a in ;  and
so on. F rom  the  ca thodes  of the  tubes  the  20-m illisecond-spaced 
impulses, by  which the  T .O  R. system  is governed , can be d e 
r iv e d ;  the  ca thodes  of the  tu b es  give 2 0 -millisecond-spaced im
pulses, th e re  being a  time difference of 2 milliseconds fo r  each  
successive tube.

5.3. The distributor

Fig. 11 gives the  circuit  d iag ram  of the  d is t r ib u to r .  In  the  
d is t r ib u to r  the code e lem ents  a re  r e a d  from the  ta p e  by  m eans 
of the  sensing-pin con tac ts  K xy K 2 etc. E a c h  un it  of the  d is t r i 
b u to r  consists  of tw o  tu b e s  A  and  B . T ubes  1B  to  6B  con ta in  
the  code e lem en ts ;  1A  to  6A  a re  quenching-tubes w hich  a re  
u sed  to  extinguish the  tubes  I B  to  6B  if necessary ,  w h e n  the  
d is t r ib u to r  s teps  fo rw a rd .

W T e n  a  m a rk  is r e a d  from  the  ta p e  the  tu b e  is n o t  fired, 
w h e re a s ,  w h e n  a  space is r e a d  i t  is fired. E v e ry  140 millisec
onds the  read - in  impulses a re  given to  the  t r ig g e r  anodes  of 
tubes  B f v ia  condensers  C2. W h e t h e r  these  tu b es  a re  fired 
depends  on the  position  of the  con tac ts  K . W h e n  a  c o n ta c t  K
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Read-m
impulse r  lg. 1 1

C ircu i t  d ia g ra m  o f  the d is t r ib u to r .

is connected  to e a r th ,  the  co rrespond ing  tube  B  is no t b iased , 
w h e rea s ,  w hen  a co n tac t  K  is sw itched  over  to  60 volts, the 
corresponding  tube  is b iased , except tube  6/> which is a lw ay s  
b iased. N o w , w hen  a  m ark  is r e a d  from the  tape , co n tac t  K  
is a t  zero po ten tia l ,  and  w h en  a space is read ,  A is connected  
to  60 volts. There! ore, w hen  a  space is read ,  the  tube  is 
fired by the  read -in  impulses, and  w h en  a  m a rk  is r e a d  the  
tube  is no t fired. As tube  6B  gives the s t a r t  e lem ent which is 
no t  read  from the ta p e  bu t is a d d e d  in the  d is t r ib u to r ,  it is 
i ilwavs fired bv the read-in  impulse.

A f te r  the  code e lem ents  have been fed to  the  memory, they  
a re  s tepped  fo rw a rd  by the  s tepping  impulses, which, via the 
condensers  Cv  a re  applied  to the t r ig g e r  anodes  of all the  
tubes  A  and  B, except 1B . Again, w h e th e r  these  tubes  a re  fired, 
depends  on w h e th e r  they  a re  b iased . If, fo r  instance, tube  1 B  
bu t  not 2B  is fired, the  nex t s tepping impulse m ust fire ‘2B. In 
this case, the  t r ig g e r  anode  of ‘2B  is b iased  by the  voltage 
d rop  ac ross  re s is to r  R lt and  it  is fired by the  stepping-impulse. 
The tr igge r  anode  of the  quenching-tube  2 A  is no t b iased  b e 
cause th  e ca th ode of this tube  is connected  to  the  ca thode  of 
tube  1 B. H ence, the t r ig g e r  anode  and  ca thode  of 1 A  a re  b o th  
a t  60 volts and  this tube  canno t  be fired by the s tepping-im 
pulse. O n  th e o th e r  hand, if tube  2 B  is fired and  1 B  is not, 
the next stepping-impulse must extinguish 2 B ; the  t r ig g e r  anode 
of 2 A  is now b iased  and  it will be fired by the  stepping-im
pulse. Since the  tubes  2A  and  2B  have  a common re s is to r  A 2 
in the anode  circuit, 2B  will be extinguished w hen  2 A fires. The 
circuit of tube  2 A  is self-quenching because  the re  is a re s is to r
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R a of low value in the anode  circuit, an d  a re s is to r  R., of high 
value (in series w ith  A,) b r id g ed  by the  condenser  Cv  in series 
w ith  the ca thode. T ube  IB  must a lw a y s  be extinguished by 
the first stepping-impulse because  th e re  is no tube  preceding i t ; 
therefo re ,  the stepping-impulses a re  no t led to this tube.

From  the foregoing it fo llow s t h a t  c e r ta in  code e lem ents  
which a re  read  from the  tape , can be fed s im ultaneously  to 
the d is t r ib u to r  and  th a t ,  if the d is t r ib u to r  is s tepped  fo rw a rd  
by impulses, the code e lem ents  a p p e a r  as sequen tia l  impulses 
a t  the ca thode  of tube  6 />.

6 . Construction o f  the J'.O .R. equipment

C e r ta in  p a r t s  of the circuit a re  combined to form units 
contain ing Id co ld -ca thode  tubes  plus a num ber  of vacuum tubes

Fig. 12
A unit  o f  the T . O . R .  equ ipm en t .



F i g. 1 b
C a b in e t  lor  b T .O .K .  eq u ip m en ts  of  w hich  tw o  a re  m ounted . T h e  p o w e r  
supp ly  unit is m oun ted  at the re a r  of  the cab ine t .  1 and 2 a re  the rece iver  and 
sen d e r  panels,  respective ly ,  o f  T .O .K .  I, w h ich  in co rp o ra te s  an oscilloscope 
and  an osc il la tor  common to the w hole  bay  (from the receiver  units the 
covers  are  rem oved),  o is a m easu r ing  and  servic ing panel.  H and 5 are  
the re c e iv e r  and  sen d e r  pane ls ,  respec t ive ly ,  o f  T .O .K .  II. 6 is sp a re  
room in w hich  a third I .O .K .  equ ipm ent can be m ounted .
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not exceeding 4 ; w hen  th e re  a re  no vacuum tubes  the maxi
mum num ber of co ld-ca thode  tubes  is 20. The co ld-cathode 
tu b es  p ro tru d e  from the  f ro n t  of the  unit and  a re  m ounted in 
ru b b e r  rings, so as to p ro te c t  them aga in s t  shock. 1 hey are  
soldered-in, because, as th e ir  life is com parab le  w ith  t h a t  ol 
o th e r  components, th e re  is no need fo r  rep lacem en t.  The o th e r  
com ponents a re  m ounted  on an insula tion  p la te  ; connections 
w ith  the w iring  a re  m ade by  con tac ts  a t  the  r e a r  ol the unit 
w hen  it is placed in the  panel. In  lig. 12 a unit is shown.

The T .O .R .  equipm ent consists of tw o  panels, one fo r  the 
sender  and  one fo r  the  rece ive r ;  the units  a re  p laced  in these  
panels  like books on a  shelf. T h ree  T .O .R .  equipm ents  can be 
m ounted  in a cab in e t  to g e th e r  w ith  a measuring- and  servicing 
panel, as  show n  in lig. 13. In  the  back  of the  cab inet the  p o w e r  
supply, the  fuses and  some of the  superv isory  lamps a re  
mounted.

7. Results

N u m ero u s  te s ts  have been m ade w ith  the T .O .R .  equipment 
on a rad io-link  E indhoven -H ilversum . The te s t  c ircuit has  been 
o p e ra te d  for periods of 5 minutes w ith o u t  the  T .O .R .  equ ip 
m ent an d  5 m inutes w ith  the  1 .0 .R. equipment, a l te rn a te ly ,  
for severa l  months. The following re su l ts  w e re  o b t a in e d : 
W i t h o u t  T .O .R . ,  8 %  of the  received  c h a ra c te r s  w ere  m uti
la ted , w h e re a s  w i t h  T .O .R . ,  only 4 X 10-5 of the  received 
c h a ra c te r s  w e re  fau lty  and  the  efficiency of the  connection w a s  
8 6 % , meaning th a t  1 4 %  of the  time w a s  used for  repetit ion . 
These  figures show  th a t  w hen  using the T .O .R .  equipment, 
the m u ti la ted  c h a ra c te r s  w e re  a fa c to r  of 2000  less in num 
b e r  th a n  w hen  the  T .O .R .  equipm ent w as  omitted .

S U M M A R Y

F or  the Argentine radio-links an all-electronic T .O .R. circuit has been 
developed. This T .O .R . equipment guards the telegraph channels on the radio
links against faulty signals produced by fading and interference, by automati
cally repeating the mutilated signals. T he  received code-elements are tested 
and if they are rejected, a ,,demand-for-repetition signal” is sent back to the 
T .O .R . sender, which then repeats a number of code elements. For the majority 
of the switching-elements in the electronic circuits, use has been made of a 
small cold-cathode trigger tube. Switching by means of these tubes is explained. 
A description is given of some of the circuits used in this T .O .R . equipment.
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A radio test circuit between Hilversum and Eindhoven has shown that, when 
a T .O .R . equipment was inserted in the connection, the mutilated characters 
were a factor of 2000 less in number than when the T .O .R . equipment was 
omitted.

R É S U M É

U n équipement de T O R  (radiotélégraphie à téléimprimeurs) entièrement élec
tronique a été étudié pour le réseau radioélectrique argentin. Au moyen d ’un 
procédé de répétition automatique des signaux mutilés, cet équipement T O R  
protège les liaisons télégraphiques du réseau radioélectrique contre les faux 
signaux qui peuvent être produits par des fadings et des interférences. Le 
circuit fait le test de chacun des éléments de code qui arrivent et si un élément 
est refusé, un critère de demande de répétition est envoyé au T O R  de la 
station distante, qui répète alors un certain nombre d ’éléments de code. Pour 
la plupart des fonctions de commutation l’équipement utilise un tube à cathode 
froide. Suit une description de quelques-uns des circuits qui constituent cet 
équipement T O R .  Une liaison d ’essai entre Hilversum et Eindhoven a montré 
qu ’avec l ’intercalation d ’un équipement T O R  le nombre des caractères mutilés 
était 2000 fois inférieur au nombre de mutilations enregistré sur la même liaison 
sans équipement T O R .

Z U S A M M E N F A S S U N G

Für die argentinischen Funkverbindungen ist eine vollelektronische T .O .R .- 
Schaltung entwickelt worden. Durch automatische W iederholung der verstüm
melten Signale schützt die T .O .R .-A ppara tu r  die Telegraphenkanäle  der Funk
verbindungen vor falschen Signalen, die durch Schwund und andere Störungen 
hervorgerufen werden. Die empfangenen Code-Elemente (Stromschritte) werden 
geprüft. Sind Sie verstümmelt, so wird ein „um W iederholung bittendes” Signal 
(ein sog. ,,demand-for-repetition signal ”) zum T .O .R .-Sender zurückgegeben, 
der dann eine Anzahl Schritte wiederholt. F ü r  den grössten Teil der Schalt
elemente in den Röhrenschaltungen ist eine kleine Trigger-Röhre  mit kalter 
Kathode verwendet worden. Das Schalten mit Hilfe dieser Röhre wird erklärt. 
W e i te r  werden einige der in dieser T .O .R .-A ppara tu r  verwendeten Kreise be
schrieben. Eine Funkprobeverbindung zwischen Hilversum und Eindhoven hat 
gezeigt, dass, wenn eine T .O .R .-Anlage in der Verbindung vorgesehen wurde, 
die verstümmelten Buchstaben der Z ah l  nach um einen Fak tor  2000 weniger 
w aren  als wenn die T .O .R .-A ppara tu r  fortgelassen wurde.
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N ew  mobile and auxiliary equipment, produced by 
Philips Telecommunication Industries

by D. J. Braak *)

Lecture delivered for the Nederlands Radiogenootschap on December 17th 1954

S U M M A R Y

T h e  need fo r  a  p o r ta b le  t r a n sm i t te r - re c e iv e r  in the P .T . I .  p ro d u c t io n  
p ro g ra m  led to the  dev e lo p m en t  o f  a  5 channe l  F M  p ack se t ,  o p e ra t in g  
p r im ar i ly  in th e  80 a n d  160 M c /s  b an d s ,  a n d  on r e q u e s t  in the 40 M c /s  
b a n d .

In  a c tu a l  n e tw o r k s  a  n u m b e r  o f  aux i l ia ry  e q u ip m e n ts  h av e  been  found  
n ecessa ry ,  to be u sed  w i th  the  mobile a n d  fixed s ta t ions  S R R  296  a n d  
S F R  296.
T h e  m ost  im p o r ta n t  o f  these  a p p a r a t u s  w ill  be  d esc r ib ed  in this artic le .

1 . Introduction

The mobile rad io  equ ipm en t now  in p ro d u c tio n  a t  Philips 
Telecom m unication  In d u s t r ie s  consists  of the  mobile t r a n s m i t te r  
rece iver  S R R  296 a n d  fixed s ta t io n  S F R  296, a l r e a d y  desc r ibed  
in this pe r iod ica l  J) a n d  the  p a c k s e t  S D R  314, of which a 
sh o r t  descr ip t ion  will be given in the  first p a r t  of this article. 
F o r  use w i th  the  mobile rad io  equ ipm en t a num ber  of au x il ia ry  
a p p a r a tu s  have  been  deve loped  p r im a r i ly  fo r  fac il i ta t ing  the  
building of complete  n e tw o rk s .  The m ost  im p o r ta n t  items will 
be desc r ibed  in the  second p a r t  of this artic le .

2. The packset S D R  3 1 4

2.1. G e n e r a l  r e q u i r e m e n t s
The p r im a ry  req u irem en t  to  this ty p e  is to  p rov ide  te lephone  

communication on a  simple basis  over  a  d is tance  of a t  le a s t  1 km 
in densely7 bu i l t  a r e a s  b e tw e e n  tw o  of these  sets , w h en  
c a r r ie d  on the  back . This has  tu rn e d  ou t  to  be possib le  w hen  
using F M ,  a  f requency  a ro u n d  160 M c/s ,  a  t r a n s m i t te r  p o w e r

*) P h i l ip s  T elecom m unica t ion  Ind u s tr ie s ,  H i lv e rs u m  - N e th e r la n d s .  
9  T i jdschr .  N e d .  R ad io g en o o tsch .  19, (1954) ,  139.
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of 200 m W  and  a  rece ive r  sensit iv ity  of 1 juV  on the  ae r ia l  
fo r  a 12 dB  signal to noise ra t io .

F u r th e r  requ irem en ts  a r e :  sp la sh p ro o f  ca se ;  immersion p roo f  
h e a d s e t  an d  m icrophone ; use of a  no rm al 6 V  m otorcycle  
ty p e  accum ula to r  in acid p roo f  c o m p a r tm e n t ;  o p e ra t in g  time 
a t  le a s t  8 hours  w hen  20 ° /0 t ra n sm it t in g  and  80 ° / 0 receiving.

F u r th e rm o re  a  built-in  lo u d sp e a k e r  fo r  low p o w e r  (100 m W )  
an d  up to five c r y s ta l  con tro l led  t ra n sm it t in g  and  receiving 
frequencies  a re  specified.

The con tro ls  a re  re s t r ic te d  to  an on-off sw itch  a t  the  side 
of the  lo w e r  c o m p ar tm en t  an d  a  f req u en cy  channel selecting 
sw itch  on the  u p p e r  lid.

2.2. E l e c t r i c a l  r e q u i r e m e n t s

As said  befo re  a  signal of 1 /uV  on the  rece ive r  te rm i
nals , f req u en cy  m odu la ted  w ith  10  kc/s  sw ing  a t  1000  c/s m o
du la t ing  f requency  has  to  p rov ide  a  signal to  noise ra t io  of
12 dB.

F u r th e r  specifications of the  rece ive r  a r e :  se lec t iv i ty  80 dB  
for 60 kc de tun ing ;  spurious response  a t te n u a t io n  a t  l e a s t  60 d B ?; 
image re sp o n se :  a t  leas t  50 dB  ; A .F .  re sp o n se :  dev ia tions  from 
a  6 d B /o c ta v e  de-em phasis  curve n o t  more th a n  +  1 to —6 dB  
b e tw e e n  300 and  3000 c/s.

The t r a n s m i t te r  requ irem en ts  besides t h a t  of 0,2 W  o u tp u t  
p o w e r  a r e : 6 dB  oc tave  pre -em phasis  audio  response , and
50 dB  spurious ra d ia t io n  a t te n u a t io n .

The c u r re n t  consum ption  from the  6 V  accu m u la to r  is r e 
s t r ic ted  to  1,5 A a t  recep tion  and  2,0 A a t  transm iss ion .

2.3. M e c h a n i c a l  r e q u i r e m e n t s

The se t  has  to be able  to  w i th s ta n d  rough t re a tm e n t ,  ra in ,  
s tand ing  in w a t e r  up  to  5 cm, spilling of acid from the  accu
m u la to r  in its com partm en t.

The se ts  undergo  a  bum p te s t  of 1000 bum ps w ith  max. a c 
ce le ra t ion  of 4 g.

2.4. G  e n e r a l  c o n s t r u c t i o n

Fig. 1 show s the  set, w i th  built-in  lo u d sp e a k e r  in the  middle 
of the  u p p e r  lid. The p las t ic  cover a d d s  some d irec t iv i t3r fo r  
the  higher audio  frequencies . O n  the  u p p e r  le f t  is the  squelch 
control,  the  s c re w d r iv e r  se t t ing  axis being covered  b y  a  nut. 
In  th is  p a r t ic u la r  se t  the  f requency  se t t ing  sw itch , w hich  is
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Packset SI)R  31*4,
Fie. 1

w ith  immersion prooi m icrophonef
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P ack se t  S D R  o l d ;  left to r ig h t :  v ib ra to r  p o w e r  supply  unit, m otorcycle  ty p e  accu m u la to r  and
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s i tu a te d  beh ind  the  squelch con tro l  has been left  out. The u p p e r  lid 
is f itted  upon  the  box in such a  w a y  t h a t  the  box is h e rm e t i 
ca lly  closed.

The u p p e r  box  conta ins  the  t r a n s m i t te r  and  rece ive r ;  the  
lo w e r  box houses the  accu m u la to r  ( left  p a r t )  and  the  v ib ra to r  
p o w e r  supp l3r ( r igh t  p a r t ) .

In fig. 2 a re  show n from le f t  to  r ig h t :  v ib r a to r  p o w e r  sup
ply, accum ula to r  an d  t ra n sm it te r - re c e iv e r  chassis (for one f r e 
quency  channel).

The u p p e r  box is f itted  on the  lo w e r  one b y  snap  fa s ten e rs ,  the  
v ib r a to r  co m p artm en t  being then  herm etica l ly  sealed off from 
the  accu m u la to r  com partm en t.

2.5. E l e c t r i c a l  a r r a n g e m e n t
2.5.1. Re ceiver

O w in g  to  the  req u irem en ts  fo r  se lec t iv i ty  a n d  spurious  r e s 
ponses the  rece ive r  has  to  be a  double  convers ion  su p e rh e te ro 
dyne. To ob ta in  a d e q u a te  sens it iv ity ,  a  R .F .  s tage  w i th  valve  
E F  95 had  to be used, as a t  the  time of d eve lopm en t of this 
se t  no d i re c t ly  h e a te d  R .F .  valves w ere  ava ilab le  to  give suf
ficiently high amplification a t  160 M c/s .

The r e s t  of the  valves  in the  rece iver  a re  of the  1,4 V  b a t 
t e r y  ty p e s  w ith  m in ia ture  7 pin base  ( D F  91 etc.) an d  the 
following s tag es  a re  u se d :  1 s t  mixer, 1 s t  I .F. amplifier (7  M c/s) ,  
2nd mixer and  4 l .F .  amplifiers on 1,5 M c/s ,  the  la s t  of which 
ac ts  as a  limiter.

The d isc r im ina to r  has  been  equipped  w ith  germ anium  diodes O A  
71; as o u tp u t  valve  the  t r a n s m i t t e r  p o w e r  valve E F  95 is used.

A squelch circuit  consisting of a  noise amplifier an d  rectifier 
is inco rpo ra ted .

To change the  rece ive r  from the  80 M c /s  b a n d  to  the  160 M c /s  
b a n d  only  3 coils need  to  be changed.

2.5.2. T ra n s m i t te r
To fac il i ta te  changing from the  80 to the  160 M c /s  band  

an d  e v en tu a l ly  to  the  40 M c /s  b an d  the  osc i l la to r  f req u en cy  
has  been chosen in the  2,5 M c /s  reg ion  an d  the  m ultip lication 
is thus  16 times fo r  the  40 M c /s  b and ,  32 times fo r  the  80 
M c /s  b a n d  a n d  64 times fo r  the 160 M c /s  band . O f  course 
the  m odula ting  vo ltage  a t te n u a t io n  o r  the  sens i t iv ity  of the  
m o d u la to r  have  to  be -chosen accord ing ly .

The phase  m odula tion  is o b ta in ed  b y  changing the  phase-
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angle of a  tu n e d  circuit  b y  a  germ anium  diode in series w i th  
a  capac ito r .  O n  the  germ anium  diode n o t  on ly  an  o sc i l la to r  
vo ltage  is w ork ing , b u t  also  an A .F .  vo ltage  from the  m icro
phone. The A .F .  vo ltage  ac ts  as a  d e lay  vo ltage  fo r  the 
rectify ing  diode, so t h a t  the  R .F .  c u r re n t  th ro u g h  the  diode 
u n d e r  ce r ta in  conditions can be a l in e a r  function  of the  A .F .  
vo ltage . The p hase  m odu la t ion  w hich  can be ob ta ined  in th is  
w a y  exceeds 0,5  r a d ia n  w i th  sufficiently low  d is to rt ion .

The m odu la t ion  process  ta k e s  p lace  on a  low  vo ltage  level, 
so t h a t  a  R .F .  amplifier p recedes  the  m ultip ly ing chain. A 
maximum of 6  d o u b le rs  (160 jMlc/ s band)  fo llow s a f t e r  w  hich 
a  va lve  E F  95 ac ts  as a  p o w e r  amplifier. A s a l r e a d y  s ta te d ,  
th is  va lve  is u sed  also  as an  audio  p o w e r  amplifier, de livering  
a b o u t  100 m W  to  the  lo u d sp eak e r .

2.5.3. P o w e r  supp ly  unit

In  th is  un it  the  n o rm a l Philips A P  6000 c a r  rad io  v ib r a to r  
is em ployed, b u t  fo r  the  rectif ica tion  a  b r idge  circuit  selenium 
rectif ier  is used. In  th is  w a y  w e ob ta in  150 V  fo r  the  o u tp u t  
s tage  of the  t r a n s m i t t e r  a n d  75 V  fo r  all o th e r  s tages ,  b y  using 
a  c e n te r ta p  on the  t r a n s f o r m e r  seco n d ary .  The d ire c t ly  h e a te d
1 ,4 V  filaments a re  connected  to  the  6 V  b a t t e r y  in series  of 4.

T he  t ransm it- rece ive  r e la y  also  sw itches  the  d i re c t ly  h e a te d  
filaments of t r a n s m i t te r  a n d  rece ive r  on a n d  off, so t h a t  the  
consum ption  rem ains  c o m p a ra t iv e ly  low.

F o r  some app lica t ions  of th is  se t  u n d e r  c ircum stances  of high 
am b ien t  noise, a  s e p a r a te  lo u d s p e a k e r  box  in c o rp o ra t in g  a  t r a n 
s is to r  p o w e r  amplifier is used, w hich  de livers  1 W a t t  to  the  
lo u d sp e a k e r  a n d  consumes 6 V  0,4 A in the  speech  peaks .

M e c h a n i c a l  p a r t i c u l a r s

The se t  consists  of tw o  w e ld e d  aluminium cases. A s a  bo ttom  
of the  u p p e r  c o m p a r tm en t  the  same aluminium p ress ing  is used  
as fo r  the  top . I t  is po in t  w e ld ed  into the  u p p e r  com partm en t .  
T he  sealing is a s su re d  b y  sev e ra l  coa ts  of a  res i l ien t  ty p e  of 
sy n th e t ic  lacquer .  W h e n  the  u p p e r  p a r t  is p laced  upon  the 
lo w e r  one, th re e  guiding pins a s su re  a l ignm ent of the  p o w e r  
su p p ly  connecto rs  b e tw e e n  u p p e r  an d  lo w e r  p a r t s .

F o r  c a r ry in g  the  se t  on the  back ,  a se t  of canvas  s t r a p s  is 
ava i lab le ,  w hich  can  be fi t ted  to  rings on the  u p p e r  p a r t  an d  
holes in the  b ra c e s  on the  lo w e r  p a r t ;  these  being also  used  to  
fix a  canvas  s t r a p  to  d is t r ib u te  the  p re s su re  of the  se t  evenly .
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Fig . 3
250 W a t t  fixed s ta t ion. I op to bottom :

1. 2o0 W  p o w e r  amplifier
2. 50 W  fixed t r a n sm i t te r  and  receiver  
5. R e la y  pane l  for rem ote  control
A. S c reen  grid supply ,  nega t ive  bias  supp ly  for final 

an d  600 Volt  supp ly  for d r iv e r  
5. 2000 Volt  anode  supp ly  lor  p o w e r  amplifier

ampi if ller
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8 frequencies  mobile s ta t ion  w ith  tone -ope ra ted  sw itch in g  oi lo u d sp e a k e r  
i he s tepp ing  sw itch  w h ich  selects  the  w a n te d  p a i r  of c ry s ta l s  is in d irec t  i
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F ix ed  s ta t ion  rece ive r  for  rem ote  locations
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CO
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bßcaJu

tone rece iver  and  oscillator for sw i tch ing  mobile s ta t ion  lo u d sp eak e r  oft' and



172
D

. J. B
raak

OCbif)

D u p lex  filter (for s im ultaneous  transm ission  and reception  on a single a n te n n a )
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3. A uxiliary  apparatus to be used w ith mobile and fix e d  stations 
S R R  296 and S F R  296

3.1. P o w e r  su p p ly  un it  fo r  600 V  200 m A ; to  be used  as an  
anode  vo ltage  source fo r  ob ta in ing  5 0 — 60 W  o u tp u t  from a  
fixed s ta t io n  S F R  296, which n o rm a lly  delivers  15—20 W .

3.2. A  250 W  amplifier w i th  a sso c ia ted  anode , screen  grid  
an d  grid  p o te n t ia l  supplies equ ipped  w i th  tw o  va lves  Q B  3/300. 
This amplifier can be d r iven  b y  a  S F R  296, delivering 20 W  
fo r  the  40 an d  80 M.c/s b an d s ,  an d  needs  a b o u t  40 W  driving 
p o w e r  fo r  the  160 M c/s  band , in w hich  case the  driv ing  s tage  
has  to  be equ ipped  w ith  the  anode  su p p ly  un it  m entioned  
u n d e r  3.1.

3.3. In  fig. 3 a  cab in e t  is show n  in w hich  a re  s i tu a te d  sliding 
19 inch pane ls  conta in ing  from top  to  b o t to m :
a. 250 W  p o w e r  amplifier w i th  b lo w e r  an d  m easuring  in

s t ru m e n t  (3.2.). B y  se t t ing  the  a sso c ia ted  sw itch  th is  m e te r  can 
be used  to  ind ica te  grid  vo ltage, screen  grid  voltage, anode  
vo ltage , ca thode  c u r re n t  of valve 1 a n d  2 ; and  in still a n o th e r  
position  can be connected  to  a  rectif ier  w hich  is connected  
to  the  a n te n n a  cable, fo r  tuning  pu rposes .

b. S F R  296 fixed s ta t ion ,  used  as a  d r iv e r  fo r  the  p o w e r
amplifier.

c. R e la y  p an e l  fo r  rem ote  control.
d. S c reen  grid an d  grid  supplies  fo r  p o w e r  amplifier a n d  

600 V  anode  su p p ly  fo r  final amplifier of S F R  296.
e. 2500 V  anode su p p ly  fo r  p o w e r  amplifier.

The c a b in e t  has  been  equ ipped  w ith  m icrosw itches  to a sc e r ta in  
s a fe ty  of m ain tenance .

Fig 4 gives a  v iew  of the  t a n k  circuit ,  o u tp u t  coupling coil 
an d  harm onic  su p p ress io n  filter.

3.4. A  c ry s ta l  sw itch ing  un it  fo r  up to  8 t r a n sm it t in g  and  r e 
ceiving channels. This un it  can  be bu il t  to g e th e r  w i th  the  
s t a n d a r d  chassis  of the  mobile s ta t io n  S R R  296 in the  m an n e r  
show n  in figure 5. The sw itch ing  is done b y  the  L ed ex  s tepp ing  
sw itch  in the  cen tre  of the  unit. Some r e la y s  a re  a d d e d  to  r e 
duce the  num ber  of con tro l  w ires  to  3.

This chassis  is a lso  equ ipped  w i th  a  to n e -o p e ra te d  r e la y  to  
connect o r  d isconnect the  lo u d sp e a k e r .  In  th is  w a y  the  fixed 
s ta t io n  o p e r a to r  can m ake aud ib le  on ly  the  calls to the  mobile
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s ta t ions .  T he  mobile o p e r a to r  fo r  w hom  the  call is in tended  
then  flips a sw itch  so t h a t  he can  h e a r  the  conversa tion . Thus 
the  o th e rs  a re  n o t  b o th e re d  b y  conversa t ions  no t  in ten d ed  for  
them.

3.5. F o r  use in a re a s  from w here  the  lo w -p o w e re d  mobile 
units  a re  n o t  rece ived  w ell  enough a t  the  fixed s ta t ion ,  a  fixed 
rece iver  has  been c o n s tru c ted  w hich  can be in s ta l led  in such a rea s .  
The signals can be co n v ey ed  b y  line or  b y  rad io link  to  the  
fixed s ta t ion ,  w h e re  a  combining un it  se lects  the  s t ro n g e r  signal.

A s sh o w n  in fig. 6 the  rece ive r  tu rn s  on hinges to  fac i l i ta te  
m ain tenance  so t h a t  the  lo w e r  p a r t  can  be in spec ted  a n d  re p a ire d .

3.6. R em ote  con tro l  desk  se t  to  be used  w ith  fixed s ta t ions ,  fo r  
d is tan ces  up to  100 m eters .  The connecting cable  has  8 w ires .

3.7. Tone osc i l la to r  un it  fo r  tone calling from the  "mobile to 
the  fixed s ta t ions ,  w i th  a sso c ia ted  tone  rece ive r  fo r  use in the 
fixed s ta t ions .  This tone rece iver ,  to g e th e r  w i th  a  tone  oscilla
to r  unit to  p rov ide  the connecting a n d  d isconnecting  of the  
mobile lo u d sp e a k e r ,  is i l lu s t ra te d  in fig. 7.

3.8. Rem ote con tro l  deskse t ,  r e la y  box and  line connection 
bo x  fo r  contro lling  a fixed s ta t io n  over  a  2 w ire  te lephone  
line. The r e la y  box  w hich is s i tu a te d  a t  the rem ote  position, 
con ta ins  a  h y b r id  circuit, so t h a t  dup lex  o p e ra t io n  is possible .

The desk -te lephone  is equ ipped  w ith  a  sw itch  giving the  
poss ib i l i ty  to connect the  rad io  c ircu it  to  the  te lephone  line, 
to  use the  h a n d s e t  as a  n o rm a l te lephone, o r  to  connect i t  to 
the  ra d io  circuit.

3.9. T e le ty p e  a d a p t e r  unit.
This gives the  poss ib i l i ty  to t r a n sm i t  an d  receive te le ty p e  

m essages over  fixed s ta t ions .
A n  audio  s u b c a r r ie r  of a b o u t  3000 c/s is sh if ted  i  120 c/s 

in acco rdance  to  the  5 unit code t ra n sm it te d .
A t  recep tio n  a  b a n d p a s s  filter r e s t r ic ts  the  inpu t  to  the  audio  

l im iter  to  the  e ssen tia l  b a n d w id th ,  and  a d isc r im ina to r  following 
the  l im iter  a c tu a te s  a p o la r  r e la y  w hich sw itches  the  in p u t  to 
the  p r in te r .

B y  using low  pass  filters in the  m icrophone an d  te lephone  
circuits  s im ultaneous te lephone  an d  te le p r in te r  service can be 
p rov ided .
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S U M M A R Y

P r e s e n t  d a y  in tens ive  use o f  rad io  eq u ip m en t  calls fo r  h igher  d em an d s  
on f re q u e n c y  stab i l i ty .  W h e n  g re a t  s tab i l i ty  m u s t  be com bined  w i th  v a r i a 
tion in f req u en cy ,  it  is n e c e s sa ry  to use a  sy s tem  fo r  f r e q u e n c y  syn thes is .  
A  su rv e y  o f  tw o  d iffe ren t  sys tem s fo r  f r e q u e n c y  syn thes is  is given, one 
sy s tem  using a  m ixer  s tage, the  o th e r  em ploy ing  a con tro l  loop w i th  
p h ase  d isc r im ina to r .  T o  econom ize on c rys ta ls ,  in bo th  sys tem s an  J G O  
( Im p u lse  G o v e rn e d  O sc i l la to r )  m a y  be used.

T h e  bl ock d ia g ra m  o f  a m ult i -channe l  t r a n sm i t te r - re c e iv e r  in the  1 GO- 
156 M c /s  f r e q u e n c y  b a n d  is show n .

1. Introduction

The p re s e n t -d a y  intensive use of the  ava i lab le  f requ en cy  
ranges ,  to g e th e r  w i th  the  u ti l iza tion  of h igher frequencies , calls 
fo r  c o n s ta n t ly  increasing  f req u en cy  s ta b i l i ty  in te lecom m unication 
equipm ent.

In  the  f req u en cy  range  up to a b o u t  20 M c/s ,  the  H .F .  range, 
the  difference in f requency  b e tw e e n  the  var ious  t r a n s m i t te r s  is 
de te rm in ed  b y  the  sy s tem  of m odula tion  em ployed  an d  th e re  
is no question  of a n y  re g u la r  d is t r ib u t io n ;  fo r  communication 
sy s tem s  on higher frequencies  i t  is c u s to m a ry  to  o p e ra te  on a  
la rge  num ber  of fixed frequencies  w ith  fixed channel spacing.

This equ ipm ent o f ten  ta k e s  the  form of a  combined t r a n s 
m itting  an d  receiving in s ta l la t ion ,  in w hich  the  f re q u e n c y -d e te r 
mining p a r t ,  the  f req u en cy  g en e ra to r ,  is in common use fo r  
t r a n s m i t t e r  an d  receiver.

In  av ia t ion  it  is c u s to m a ry  to  w o rk  fo r  sh o r t  d is tance  com
m unication  in the  100-150 M c /s  f requency  range  (the V H F  
range)  w i th  a channel spacing  of 90 kc/s (E u ro p e )  o r  10 0  kc/s 
(U S A ) .  In  fu tu re  the  225-dOO M c/s  f req u en cy  ran g e  (the U H F  
range)  w i th  a  100  kc/s  channel spacing is going to  be em ployed

*) Ph i l ip s  Telecom m unicat ion  Ind u s tr ie s ,  H i lv e rsu m  - N e th e r la n d s .
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fo r  this pu rpose ,  1750 channels  being av a i lab le  in th is  range. 
T h  is means, ho w ever ,  t h a t  the  f req u en cy  s ta b i l i ty  of the  equ ip 
m en t m ust  be a b o u t  25.10-6.
F o r  equ ipm en t used  in m il i ta ry  a i rc ra f t ,  v e ry  la rge  fluctuations 
in the  am b ien t  t e m p e ra tu re ,  a i r  p re s su re  and  the  occurence 
of m echanical v ib ra t io n s  m ust  a lso  be reckoned  w ith .

A s long as the  equ ipm en t is u sed  on one fixed f req u en cy  
only, the  c ry s ta l -c o n tro l le d  o sc i l la to r  is com ple te ly  s a t is fa c to ry ,  
fo r  an  osc i l la to r  of th is  ty p e  will m ee t  p ra c t ic a l ly  a n y  re q u i re 
m ents  fo r  f requency  s tab i l i ty .

If, how ever ,  continuous tun ing  o r  a  g r e a t  m an y  frequencies  
a re  requ ired ,  the  c ry s ta l -c o n tro l le d  o sc i l la to r  can n o t  be used  
w i th o u t  f u r th e r  m easu res  being tak en .  Since the  n o rm al ty p e s  
of v a r iab le  L .C .  osc il la to rs  g en e ra l ly  can n o t  be used  fo r  r e a 
sons of f req u en cy  s tab i l i ty ,  on ly  a  sy s tem  of frequency synthesis , 
w ill  m eet the  requ irem en ts .

2. Frequency synthesis w ith  m ixer circuits

The s im plest  c ircuit  fo r  a  f req u en cy  g e n e ra to r  w ith  f req u en cy  
syn thes is  is a  m ixer circuit, in which the  f req u en cy  of a  c ry s ta l -  
con tro l led  osc i l la to r  (se lec tab le )  is mixed w ith  the  f req u en cy  
of a con tinuously  v a r ia b le  oscilla tor, w o rk in g  on a  r a t h e r  low  
frequency , the  in te rp o la t io n  osc i l la to r  ( I P O ) ,  w hich b r idges  
the  gaps  b e tw e e n  the frequencies  of the  various  c ry s ta l -c o n 
tro l led  osc i l la to rs  (see fig. 1 ). The r ig h t  choice of the  various  
frequencies  and  the  re q u ire d  filters, in conjunction w i th  one or

more m ultip lie r  s tages ,  p e r 
mits a  con tinuously  v a r iab le  
f req u en cy  g e n e ra to r  to  be 
rea lised , w hich  will  m ee t  
the  req u irem en ts  fo r  f r e 
quency  s ta b i l i ty  in the  H F  
range .

A n  objection a g a in s t  the  
use of th is  c ircu it  !is the  
la rge  n um ber  of c ry s ta l s  
involved.

The n u m b er  of re q u ire d  
c ry s ta l s  m ay  be re d u ce d  
to  one b y  rep lac ing  the  
m a n y  c ry s ta l -c o n tro l le d  os-

Fig. 1
B lo c k d ia g ra m  o f  a  f r e q u e n c y  g e n e ra to r  
w i th  m ixer  c ircu it
K O  -—' c ry s ta l  con tro l led  osc i l la to r  
I P O  — in te rp o la t io n  osc i l la to r  
M. -— m ixer s tage
F  >— filter
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Fig .  2
B lo c k d iag ram  o f  an  Im pulse  G o v e rn e d  O s 
ci l la tor

— c ry s ta l  con tro l led  osc il la to r
— im pulse  m ixer  s tage

K O
I M
O s c -—- oscil la tor
I G — im pulse  o scd la to r
F -— filter
R -— re a c ta n c e c ircu it

c il la to rs  in the  above  
design b y  a single Im 
pulse  G o v e rn ed  O sc i l 
l a to r  ( I G O  circuit, see 
fig. 2 ) .

W h e n  using an  I G O  
circuit  i t  is poss ib le  to  
synchronize  an  oscilla
to r  f req u en cy  w ith  an  
a r b i t r a r y  multip le  of a  
re fe rence  frequency , mul
tip les  up to  a b o u t  100 
being feasible.

The b lock  d iag ram  fo r  
a  f req u en cy  g e n e ra to r
of th is  ty p e  is show n  

in fig. 3. B a se d  upon  this circuit, b o th  com plete  t r a n s m i t te r s  and  
single exc ite r  s tages  have  been  developed , w hich a re  con tinu
ously  tu n ab le  over  the  1.5-16 M c /s  range  and  have a f requency  
s ta b i l i ty  com parab le  w i th  t h a t  of a  c ry s ta l -c o n tro l le d  t r a n s 
m itte r .  The f req u en cy  s teps  of the  I G O  a re  50 kc/s, the  in te r 
po la t ion  osc i l la to r  can be tuned  from 300 kc/s th ro ug h  350 kc/s. 
The basic  range  of the  circuit  is 1.5-4 M c/s ,  w hich  is ex ten d ed
to 16 M c /s  b y  the  use of one o r  tw o  d o u b le r  s tages.

The h ighes t  f req u en cy  t h a t  can be rea l ised  w i th  I G O  c ir
cuits em ploying n o rm al ty p e  tubes  is de te rm ined  b y  the  mini
mum a t ta in a b le  d u ra t io n  of the  re q u ired  impulses. This limit 
lies a t  a b o u t  10 M c /s  fo r  p ra c t ic a l  use. W T e n  the  I G O  sy-

Fig. 3
B lock  d ia g ra m  o f  a f r e q u e n c y  g e n e 
r a to r  w i th  I .G .O .
I G O  -— im pulse  governed  osc il la tor
I P O  *— in te rp o la t io n  oscil la tor
M  .—- m ixer  s tage
F  /—- filter

stem is to  be used  fo r  the  
genera t ion  of much h igher  
frequencies ,  a  special tube  
E 80T , m ust  be used, the  im
pulses being o b ta in ed  b y  
the  deflection of the  r ib b o n  
sh ap ed  e lec tron  beam  th ro u g h  
a s lo t  in the  anode.

The essen tia l  l im ita tion  of 
these  circuits fo r  f req u en cy  
syn thes is  is d e te rm ined  b y  
the  u n w a n te d  mixing p ro d u c ts .  
Fo r ,  a p a r t  from the  re q u ire d
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mixing p roduc t ,  the mixer s tage  p roduces  mixing p ro d u c ts  of 
a  h igher o rd e r  w hich m ay  e n te r  u n d e r  c ircum stances  into the 
p a ss  b a n d  of the  filters and  will effect in te rfe r ing  frequencies 
( " w h is t le s ” ).

The se u n w a n te d  mixing p ro d u c ts  m a y  be red u ced  to  a  mini
mum b y  the  su itab le  choice of the  basic  frequencies,  b u t  this 
choice will o ften  conflict w i th  o th e r  cons ide ra t ions  w hich  govern 
the  design. C ircu i ts  fo r  h igher  frequencies  soon m eet w i th  g re a t  
difficulti es w h e re  the  supp ress ion  of in te rfe r ing  frequencies  is 
concerned, as it  is c u s to m a ry  n o w a d a y s  to  insis t  on supp ress ing  
these  frequencies  d o w n  to a level of —80 dB  o r  b e t te r .

3. Frequency synthesis w ith  control circuits

A fu n d am en ta l ly  d iffe ren t circuit, w hich  has  the  re s tr ic t io n  
m entioned  above  to  a  le sse r  deg ree  is r e p re s e n te d  b y  fig. 4. 
In  this c ircu it  the  osc i l la to r  is synchron ized  w i th  the  sum (or 
difference) f req u en cy  of the  I G O  an d  the  I P O  w ith  the  help 
of a  re a c ta n c e  circu it  (R). Fu ll  synchroniz ing  is ach ieved  b y  
em plo3nng a  phase  d isc r im ina to r  in the  con tro l  loop.

The g re a t  a d v a n ta g e  of th is  circuit  lies in the  d irec t  g e n e ra t 
ion of the  req u ired  f requency , w hich to  a  la rge  e x te n t  reduces

the  p ro d u c tio n  of u n w a n te d  
frequencies, so t h a t  s t r in g 
en t  req u irem en ts  in th is  con
nection can  be met. A fu r 
th e r  a d v a n ta g e ,  p a r t i c u la r 
ly  w hen  em ploying  the  c ir
cuit as  an  exc ite r  s tage  in a 
t r a n sm it te r ,  is the  r a th e r  
high p o w e r  p roduced  b y  the 
v a r iab le  oscilla tor ,  r e q u i r 
ing few  amplifier s tag es  in 
the  t ra n sm it te r .

O n e  com plication  caused  
b y  circuits of th is  k ind  is 
t h a t  the  con tro l  loop can 
on ly  a d ju s t  i tse lf  to  s y n 
chronism, w h en  the  oscil
l a to r  f req u en cy  is b ro u g h t  
n e a r  the  w a n te d  frequency .

Fig. 4
B lock  d ia g ra m  o f  a  f r e q u e n c y  g e n e ra to r
w i th  con tro l  c i rcu i t
I G O  — im pulse  g o v e rn ed  osc il la to r
I P O  /— in te rp o la t io n  osc il la tor
D  —' p h a se  d isc r im in a to r
R  — r e a c ta n c e  c ircu it
M  — m ixer s tage
B D F  — b an d p ass f i l te r
L D F  -—- lo w  pass  filter
O S C  — oscil la tor
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A  specia l  hun ting  c ircuit  o r  an  ad d i t io n a l  f req u en cy  d iscr im ina
to r  m ust be fit ted  fo r  th is  pu rpose .

I f  a  m ulti-channel sy s tem  w ith  c o n s ta n t  channel spacing 
should be req u ired  in s tead  of a  con tinuously  v a r iab le  oscilla tor, 
the  in te rp o la t io n  osc i l la to r  m ay  be re p lac e d  b y  an  osc il la to r  
t h a t  is v a r ia b le  in (fine) s teps. I f  n e c e ss i ta te d  b y  the  f re q u en 
cy  s ta b i l i ty  requ ired ,  a  second I G O  circuit  m ay  be used  fo r  
the  pu rpose .  In  th is  m an n er  a  f req u en cy  syn thes is  in s teps  of 
tw o  kinds, i.e. coarse  an d  fine, is achieved.

B a se d  upon  the  above , a  mobile transm it t ing -rece iv ing  equ ip 
m ent has  been  deve loped  fo r  o p e ra t io n  in the  25-41 M c/s  f req u en 
cy range  w ith  a  channel spac ing  of 50 kc/s . T he  re q u ire d  f re 
quency  is g e n e ra te d  w i th  the  help  of a  con tro l  loop, as show n  
in fig. 4, in which the  frequencies  of the  tw o  I G O ’s c o r re s 
ponding  w ith  s teps  of 500 kc/s  an d  50 kc/s in the  final f r e 
quency, a re  syn thesized .

A d ju s tm en t  in s tep s  of tw o  k inds (coarse  and  fine) is no 
longer sufficient for o p e ra t io n  in a  la rg e r  num ber  of channels 
on h igher  frequencies. F re q u e n c y  a d ju s tm e n t  in decimal s teps  
is r e q u ire d  fo r  convenien t f req u en cy  selection a n d  logical d e 
sign of the  f req u en cy  g en e ra to r .  This m eans ten  100 kc/s, ten  
1 M c /s  and  six 10 M c/s  s teps  fo r  a  f req u en cy  g e n e ra to r  for  
the  100-156 M c /s  range, w i th  100 kc/s channel spacing.

Fig. 5 show s the  b lock  d iag ram  of an  in s ta l la t ion  of this k ind 
fo r  the  f req u en cy  range  m entioned above , w i th  f requency  se 
lection in th re e  s teps. The fine a d ju s tm e n t  in a 1 M c /s  range  
is designed as a con tinuous ly  v a r iab le  o sc i l la to r  w hich  will 
pe rm it  a d a p ta t io n  to  a  90 kc/s o r  100 kc/s channel spacing.

The circuit  com prises  sev e ra l  con tro l  loops, the  aux i l ia ry  
loop syn thes iz ing  the  fine s tep s  (in this case a  con tinuously  
v a r iab le  in te rp o la t io n  osc il la to r)  w ith  the  10 M c/s  s teps. A 
ty p e  E 8 0 T  tube  is em ployed  fo r  th is  pu rpose .  This tube  is 
excited  b y  the  10 M c /s  signal de r ived  from a  1 M c /s  c ry s ta l  
fo llow ed  b y  a m ultip lie r  s tage .

The frequencies  p ro d u ced  in this m anner  a re  fu r th e r  s y n 
thesized  in the  main loop w i th  the  1 M c /s  s teps , a lso  in a ty p e  
E 8 0 T  tube . In  this w a y  the  f re q u en c y  re q u ire d  fo r  the  1st 
m ixer s tage  of the  rece iv e r  is a t ta in ed .  To excite the  t r a n s 
m it te r  this f req u en cy  m ust  be d e c re a se d  b y  the  1st in te rm ed i
a te  f req u en cy  (11.5 M c/s) .  A gain  a  con tro l  loop is used. Fig* 
6 show s the var ious  frequencies  in the  circuit.

A 10 M e  s f req u en cy  is re q u ired  fo r  the  2nd  m ixer tube  in
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the  receiver. This 10 M c /s  f req u en cy  is a l r e a d y  p re s e n t  in the  
exc ite r  s tage. The in s ta l la t io n  con ta ins  on ly  2 c ry s ta ls  in all.

D e v e lo p m en t  in this field is in full swing. V a r io u s  m anufac
tu re r s  a re  still pe rfec t ing  the  d iffe ren t sy s tem s, b o th  mixer 
circuits an d  con tro l  loops being used, while r a t h e r  m a n y  crys-

F r e q u e n c y  g e n e ra to r
F ig .  5

B lock  d ia g ra m  o f  a  t ra n sm i t t in g  rece iv ing  in s ta l la t ion  fo r  100-156  M.c/s. 
M  — m ixer  s tage
D  — p h ase  d isc r im in a to r
L D F  ^  1 o w  p a ss  filter
M O D  —' m o d u la to r  fo r  am p li tu d e  m odula t ion  
D E T  — d e te c to r
K O  *— c ry s ta l  con tro l led  osc i l la to r  
O S C  — osc i l la to r
D F  /— com bined  f re q u e n c y  a n d  p h a se  d isc r im in a to r  
R  —- re a c ta n c e  c ircu it
A Y R  — a u to m a t ic  gain  con tro l

F ig .  6
F r e q u e n c y  d ia g ra m  o f  a  t ra n sm i t t in g  rece iv ing  in s ta l la t ion  fo r  100 -156  M.c/s.
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ta ls  a re  n e c e ssa ry  in m ost cases. The fu tu re  w ill  have  to  show  
w hich  sys tem  is to  be p re fe r re d .  The au th o r ,  ho w ev er ,  is of 
the  opinion t h a t  ou r  circuits, using I G O  princip les  a n d  con tro l  
loops a n d  only  a  few  c ry s ta ls ,  have  d is t inc t  a d v a n tag e s .
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Radio link operating in 4000 M c/s band, 
for television and multi-channel telephony

by H. C. Bennebroek Evertsz *)

Lecture delivered for the Nederlands Radiogenootschap on December 17th, 1954.

S U M M A R Y

A Ph il ip s  1 ink  eq u ip m e n t  of n e w  design  is d iscussed .  I t  com prises  
h e te ro d y n e  r e p e a te r  s ta t ions  a n d  is e q u ip p e d  w i th  S H F  tr iode  amplifiers.

1. Introduction

The J a n u a ry  1954 issue of the  "T ijd sch r if t  van  h e t  N e d e r -  
lands  R a d io g e n o o tsc h a p ” (vol. 19 no. 1, p.p. 25 — 42) con ta ined  
an extensive  desc r ip t ion  of the 5,5 cm an d  37 cm link equ ip 
m ents  which a re  in p roduc tion  a t  the  moment. A new  equ ip 
m ent has since been  deve loped  w o rk in g  in the  3800-4200 M c /s  
band . The Philips tr iode , E C  56, has  m ade it possib le  to  mix 
a nd am plify  signals a t  these  frequencies . The l a b o r a to r y  model

of this equ ipm ent is now  u n d e r  te s t  
on a rad io  link b e tw e en  H ilversum  
an d H uizen in the  cen tre  of H o llan d ,  
wi th  one r e p e a te r  s ta t io n  a t  L a ren .  
Some de ta i ls  of the  a n te n n a  svs tem s. 
the  rece ivers  an d  the  t ra n sm it te r s ,  
used  fo r  th is  link, a re  given below .

2. A ntenna system

This consists  of a  p a rab o l ic  dish 
hav ing  a  d ia m e te r  of 3,25 m eters ,  il- 
lu m inated  b y  a  sq u a re  w avegu ide  in 

f> tw o  po la r iza t ion  p lanes  w hich  a re  a t
i ▼ r ig h t  angles. This w avegu ide  changes

From transm. To receiver ‘ i t  / l *1into tw o  re c ta n g u la r  w avegu ides  n e a r  
Fig. i the  re flec tor  in the  a n te n n a  to w e r .

T h e  a n te n n a  p o la r iza t io n  filter Fig. 1 show s the  p o la r iza t ion  filter.

To antenna

tl

*) Ph i l ip s  T e leco m m u n ica t io n  Ind u s tr ie s ,  H i lv e rsu m  - N e th e r l a n d s .
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The re c ta n g u la r  w avegu ides  con ta in  so-called  “ unilines” a t  b o th  
ends w hich  enab le  the  w avegu ides  to  be te rm in a te d  so as to cause 
minimum reflection, i r re spec t ive  of the  m atching  conditions of 
the  t ra n sm i t te r ,  rece ive r  o r  an ten n a .  A s the  in te rm odu la t ion  
due to  phase non - l inear i ty  ( t im e-of- trave l  d is to r t ion )  is p r o 
p o r t io n a l  to  the  p ro d u c t  of the  reflection coefficients a t  b o th  
ends of the  feeders ,  the  inse r t ion  of “ unilines” perm its  the  use 
of v e ry  long feeders ,  befo re  this form of in te rm odu la t ion  d is 
to r t io n  becomes in to le rab le .  H en ce  the  e lectronic  p a r t  of the  
equ ipm ent m a y  be fitted  n e a r  the  base  of the  a n te n n a  to w e r ,  w hich

will  reduce  the  cos t  of in s ta l la t ion  a n d  m ake 
servicing easier.  In  addition , w avegu ide  change
over  sw itches  m a y  be fitted in the  r e p e a te r  s ta t io n  
b e tw e e n  the  “ unilines” a n d  the  t r a n s m i t te r  o r  
receiver,  w i th o u t  causing mismatch. T he  equ ip 
m en t thus  becomes revers ib le  an d  m a y  be used  

uniiine fo r  m ulti-channel te le p h o n y  or fo r  conveying 
te levision signal ove r  tw o  w id e -b an d  channels  
in one d irection.

T he  ty p e  of “ unilines” em ployed  consists  of
Of O2 Oç
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3 816 Mc/S
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Sweepmetor

T h e  genera l  schedule  o f  the eq u ip m en t  fo r  television



Radio link operating in 4000 M c/s  band 185

a small shee t  of fe r r i te  fitted in the w avegu ide  a t  a sp o t  w here  
the  H -v ec to r  of the  trave ll ing  w a v e f ro n t  p roduces  a c ircu la r  
ro ta t in g  field.

A m agnetic  field se t  up a t  r igh t angles to the  w avegu ide  
p roduces  le rro -m agne tic  resonance  in the  le r r i te  sheet,  b u t  only 
fo r  one d irec tion  of t rave l .  Thus ene rgy  transm iss ion  th rough  
the w avegu ide  is only  possible in one direction .

U p  to 6 b ranch ing  filters O l . . . 0 6  and  Z t . . . Z 6 (fig. 2) m ay  
be coupled to  the t ra n sm it t in g  and  receiving w aveguides  b and  
c, behind the low erm ost  “ und ines” , su itab le  lo r  connecting 6 
w id e -b an d  channels  in bo th  d irections.

3. General lay-out o f  the equipment

Fig. 2 gives the genera l schedule ol the equipm ent lo r  te le 
vision purposes .  Fig. 3 gives an idea ol the construc tion  ol the 
cab inet ,  conta in ing  the rece iver  and t ra n sm it t in g  units.

4. Receiver section

Kach rece iver  inpu t  has  a w avegu ide  b a n d p a s s  filter. 1 he 
spacing b e tw een  the cen tre  Irequencies  ol the  receivers  is 32 
M c/s ,  iis recom m ended by  the  C C I R .  W h e n  the c ro ss ta lk  a t-  
tenua t ion  b e tw e en  w avegu ides  b and  c (fig. 1) is 30 dB, the  
branch ing  filter and  the w avegu ide  filter should a t t e n u a te  the 
re jec ted  b and  by  a b o u t  90 dB.

Th e w avegu ide  filter is fo llow ed  b y  the ba lanced  c ry s ta l  
mixer and  the  l .F .  amplifier (see fig. 2). The l a t t e r  is equipped  
w ith  E 1 8 0 F  tu b es  (S  = 15 mA V), has a  b a n d w id th  ol 30 M c /s  
and  a response  curve which is flat w ith in  ten th s  of d B ; the 
cen tre  f req u en cy  is 105 M c/s .  l he to ta l  gain is 85 dB  minus 
6 dB  conversion loss (fig. 4).

The signal is then  passed  on to a d is tr ibu t ion  amplifier to ob ta in  
th ree  independen t  l .F .  o u tp u t  circuits. O n e  o u tp u t  is connected  to 
the  limiter s tages  a n d  the  d isc r im ina to r  ol the  receiver, th e sec
ond o u tp u t  to the t ra n sm it te r ,  and  the  th ird  to an add it iona l  
t r a n s m i t te r  w hen  this must also be m odula ted .

The mixer f requency  for  the  rece iver  is p roduced  in the  f re 
quency  shift  chassis, w here  the signal ol the c ry s ta l-co n tro l led  
S H F  osc i l la to r  is mixed w ith  a  208 M c /s  signal which is a lso 
g e n e ra te d  b y  an osc il la to r  w i th  q u a r tz  con tro l  (fig. 5).



Fig . 3
F r o n t  v iew  o f  t r a n sm i t te r - re c e iv e r  cab in e t  o f  the 4000  
M e  s link equ ipm en t .  To  the left the rece ive r  section 
co m p ris in g  a t  the top the w a v e g u id e  bandfil te r ,  the 
c ry s ta l  m ixer a n d  the I .F  amplifier, a t  the bo ttom  the 
f re q u e n c y  shift  oscil lator.  l o  the r igh t  the t r a n s m i t t t e r  
section com pris ing  a t  the top the S H F  am plif ier  w i th

4 . U ..1 „  i -------
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Fig. 4
T o  the  left  the w a v e g u id e  bandfi l te r ,  the c ry s ta l  
rece ive r  section. To  the  r ig h t  the  S H F  amplifier

m ixer  a n d  the I .F .  am plif ier  o f  the 
a n d  the t r a n s m i t t e r  m odu la to r ,  t r a n s 

m i t te r  section.
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Fig. 5
F re q u e n c y  sh if t  oscil la tor .  V is ib le  on the p ic tu re  is the  m ixer  s tage ,  w h e re  the  signal 
o f  the  c ry s ta l -co n tro l led  S H F  oscil la tor  is mixed w i th  a  208  M c /s  signal.



Fig. 6
C ry s ta l -co n tro l led  4000  M c /s  oscil la tor .  A t  the  lo w e r  p a r t  o f  the p ic tu re  the 21 M c /s  

c ry s ta l  w i th  m ultip liers  ol conven t ia l  design, a t  the u p p e r  p a r t  the m ultip l iers  w i th  
coaxial-  a n d  w a v e g u id e  circuits,

H
R
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Fig. 7
I he m onito r  and  tes t  c ab in e t  ol the 4000  jM Lc / s  link eq u ip m e n t  as  supplied  
lo r  T V .  A t the top o f  the m on i to r  receiver ,  a t  the cen t re  the test  pane l  
and  the m odu la to r ,  a t  the bo t to m  the p o w e r  su p p ly  section.



5. T ransm itter  section
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The t r a n s m i t te r  com prises  a  c ry s ta l -c o n tro l le d  S H F  oscilla
to r ,  a  m ixer s tage, a  th re e -s ta g e  S H F  amplifier, a  m odula to r ,  
a  m odu la t ion  amplifier w ith  lim iter an d  a  video amplifier (see 
f ig .  2 ) .

T he S H F  osc i l la to r  is equ ipped  w ith  an  over tone  c ry s ta l ,  
f re q u en c y  app rox .  21 M c/s .  This f req u en cy  is m ultiplied b y  ten  
in the  conven tional w a y  in a c ircu it  using E 1 8 0 F  a n d  Q Q E 0 3 - 1 2  
tubes ,  then  t r ip le d  tw ice  b y  E C  56 tu b es  w i th  coaxial circuits, 
a n d  finally  doub led  b y  one E C  56 tube  in a  w avegu ide  circuit. 
The o u tp u t  is a p p ro x .  200 m W  (fig. 6).

The m o d u la to r  is a  52.5 M c /s  o sc i l la to r  w i th  a  re ac tan c e  
tube  in a  specia l  circuit, giving a  v e ry  l in ea r  f req u en cy  m odu
la t ion  ch a rac te r is t ic .  The F .M . signal is doub led  in f requency , 
amplified, lim ited  an d  finally mixed w i th  the  S H F  osc il la to r  
signal. O n e  s id e b a n d  of the  p ro d u c t  of mixing is th en  p a s se d  
on to the  S H F  amplifier, the  o th e r  s id eb an d  being reflected  
b y  a  b a n d  re jec tion  filter. The o u tp u t  of the  S H F  amplifier is 
a p p ro x im a te ly  1.5 W  (fig. 4 u p p e r  r ig h t  side).

6 . M onitor

Fig. 7  show s the  f ro n t  side of the  m o n i to r - te s t  equipm ent 
fo r  television. F o r  te le p h o n y  p u rp o se s  some chassis  a re  to  be 
changed, the  m onito r  and  the  sw eep  m easuring  device into a 
m odula tion  con tro l  pane l  and  the  a d e q u a te  m odu la to r .

7 . T ransm itting  an d  receiving frequencies

The location  of the  6 w id e -b an d  channels  in the  3800-4200

3500 Mc/S 4200 Mc/s

< C>2 0s <3* \ \  ; ;7~ *  ; “ 3 ^ \  * %

32 32 3 2 12 32 * 6 3 2 32 s a 32 32 diff. in Me/}

Fig. 8a

F ig .  8b
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M c /s  b a n d  has  been  se lec ted  in acco rdance  w i th  the  reco m 
m endations  of the  C C I R  (see fig. 8a). T he  f requency  a lloca tion  
p la n  fo r  one w id e -b a n d  channel fo r  dup lex  w o rk in g  in a  r e la y  
s ta t io n  is show n  in fig. 8b.

F o r  the  successive hops, the  p o la r iza t io n  is a l te rn a t iv e ly  
h o r izo n ta l  a n d  vert ica l .

8. Characteristics

T he ta b le  on pag. 193 show s the  chief ch a rac te r is t ic s  of the  
37 cm link t r a n s m i t te r  fo r  outs ide  te levision b ro a d c a s t s ,  the  
3.2 cm semi-mobile link t r a n s m i t te r  equ ipm ent fo r  television, 
a n d  the  7.5 cm link t r a n s m i t t e r  fo r  te lev ision  an d  m ulti-channel 
te lephony .

This ta b le  also  gives a  good su rv e y  of the  possib ili t ies  o ffered  
b y  the  various  ty p e s  of equipm ent.
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Autom atic Tuning of Transmitters

by W . L. V ervest *)

Lecture delivered for the Nederlands Radiogenootschap on December 17th 1954

S U M M A R Y

T h e  Phil ips  I n s ta n tu n e r  is a  device  fo r  au to m a t ica l ly  re se t t in g  a tun ing  
e lem ent in a n y  one o f  tw e lv e  p re s e t  posit ions .  W h e n  severa l  tun ing  e le 
m en ts  a re  used, w h ic h  is n o rm a l ly  the  case, a  c o r re sp o n d in g  n u m b e r  of  
in s ta n tu n e r s  is r e q u ire d .  R em o te  con tro l  of  rad io  eq u ip m e n t  is then  limited 
to a  simple m an ipu la t ion .  M a n u a l  tun ing  is also possib le  in a n y  posit ion  
b y  p ress in g  a  p u sh -b u t to n  m o u n ted  in a  specia l  v e rn ie r  k n o b .  T h e  p r e 
se tt ing  p ro c e d u re  is v e ry  easy .  C h a n g in g  f rom  one p re s e t  f r eq u en cy  to 
a n o th e r  (a u to m a t ic  tun ing)  is accom plished  in \ — o seconds  for  small t r a n s 
m itte rs ,  e.g. a i rc ra f t  t r a n sm it te r s ,  an d  in 2 —'10 seconds fo r  la rg e r  t r a n s 
m it te rs ,  e.g. b ro a d c a s t  t r a n sm i t te r s .

E a c h  in s ta n tu n e r  is bu il t  as  a s e p a ra te  unit ,  des igned  fo r  un iv e rsa l  
app l ica t ion .  I t  consis ts  of  a b lock ing -m echan ism  a n d  a  to rque-l im it ing  
clutch. T h e  b lock ing-m echan ism  con ta ins  tw e lv e  p a w ls  a n d  p a w lr in g s ,  so 
th a t  the  m ain  sha f t  can  be  b locked  in a n y  one of  tw e lv e  p re s e t  posit ions.

O w i n g  to the  use o f  the specia l  to rque- l im it ing  c lu tch  a re se t t in g  a c c u 
r a c y  o f  T  0,01 0 can  be ach ieved .  Th  is c lu tch  re leases  the d r iv en  spindle  
of  a  tun ing  e lem ent from  the  d r iv ing -m oto r ,  as  soon as the  p re s e t  position 
is reached .

The torque-lim iting clutch

This clutch form s a  link b e tw e e n  the  driv ing  sh a f t  a n d  the  
blocking unit. The p r im a ry  g e a r  of the  clutch is coupled  to  a  
driv ing m echanism  an d  the  seco n d ary  g e a r  is connected  to  the 
blocking unit, b o th  g ea rs  forming a  p a r t  of this clutch.

W h e n  the  to rq u e  on the  s e c o n d a ry  g e a r  exceeds an  oppos i
t e ly  d irec ted  to rque  e x e r te d  on it  b y  a  p o w erfu l  sp r ing  fi t ted  
in the  torque-lim iting  clutch, the  s e c o n d a ry  g e a r  s tops  and  the  
connection b e tw e e n  this a n d  the  p r im a ry  g e a r  is e n t i re ly  
re leased .  B u t  the  to rq u e  of the  spring  continues to  a c t  upon  
the  seco n d ary  g e a r  in the  orig inal d irec t ion  of ro ta t io n  of this 
gear.

A s soon as the  load  on the  s e c o n d a ry  g e a r  becom es less 
th a n  the  to rq u e  ex e r te d  on i t  b y  the  spring, th is  gear is aga in  
coupled to  the  p r im a ry  gear.
*) P h i l ip s ’ T e lecom m unica t ion  In d u s t r ie s .  H i lv e rsu m ,  N e th e r l a n d s .
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F ig .  1
F o u r  p h a se s  o f  the  to rque-l im iting  c lu tch  in ac t ion . T h e  
d r a w in g s  sh o w  slid ing spindles .  In  case  o f  ro ta t in g  

sp indles  the  sam e pr incip les  app ly .
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I t  w ill  be a ssum ed  in the  follow ing desc r ip t ion  fo r  the  sake  
of simplicity, t h a t  sliding spindles  a re  used. G en e ra l ly ,  ro ta t in g  
sp indles  and  gears  a re  used.

In  fig. l a ,  (3) r e p re se n ts  the  p r im a ry  g e a r  w hich  is coupled 
to  disc (26) by m eans of p a w l  (23) and  ro l le r  (25). A s long as 
p a w l  (23) is k e p t  in position, the  p r im a ry  g e a r  (3) an d  disc 
(26) m ake the  same sliding m ovem ent w h e n  the p r im a ry  g e a r  
is m oved in the  d irec tion  of the  a r ro w .  The m ovem ent of disc 
(26) is t r a n s f e r r e d  to  the  seco n d ary  g e a r  (17) which is connect
ed to disc (26) by m eans of the  spring  (15). D u r in g  this sli
ding m ovem ent the  p a w l  (23) and  consequen tly  the  ro l le r  (25) 
a re  p re sse d  into the  te e th  of the  p r im a ry  r a t c h e t  (3) and  held  
th e re  by  the  ac tion  of spring  (22) w hich ten d s  to  r o ta te  p a w l  
(23) in a  d irec tion  as show n  by  the  a r ro w .  I t  is assum ed  t h a t  
the to rq u e  which is t r a n s f e r r e d  is sm alle r  th a n  the opposite ly  
d irec ted  to rque  e x e r te d  b y  sp r ing  (15) upon disc (26). W h e n  
this  is n o t  the  case o r  w hen  the  se c o n d a ry  g e a r  (17) is s to p 
ped, disc (26) moves to  the  le f t  w i th  re sp e c t  to  the  seco n d ary  
g e a r  (17) u n d e r  the  influence of the driving to rq u e  of the  p r i 
m ary  g e a r  (3), thus  s tre tch in g  the  spring  (15).

A t  a  c e r ta in  in s ta n t  the  p re s su re  of spring  (22) changes its 
posit ion  (fig. lb ) .  T he  p re s su re  on p a w l  (23) is now  d irec ted  
in such a  w a y  t h a t  it  ten d s  to  seve r  the  connection b e tw e e n  
the  p r im ary  g e a r  (3) an d  disc (26).

In  case of f u r th e r  re la t ive  d isp lacem en t of (17) and  (26) the  
ends of the  spring  (22) come to g e th e r  and  now  e x e r t  such a  
p re s su re  on p a w l  (23) t h a t  the  la t t e r ,  v ia  ro l le r  (25) leaves 
the  te e th  of the  p r im a ry  g e a r  (3) thus  re leas ing  this g e a r  from 
disc (26) (fig. lc). Sp ring  (22) n o w  forces  p a w l  (23) u p w a rd s  
a g a in s t  s top  (27). As soon as the  connection b e tw e e n  p r im a ry  
g e a r  (3) a n d  disc (26) is seve red  the  l a t t e r  is pulled  to  the 
r ig h t  u n d e r  the  influence of the  lo ad ed  sp r ing  (15). H o w e v e r ,  
this m ovem ent is limited b y  the  clamping ro l le r  (7). U n d e r  
the  influence of sp r ing  (15) a n d  the  limiting ac tion  of ro l le r  (7) 
the  disc (26) is c lam ped in the housing (20). The housing can 
m ake on ly  a  slight m ovem ent to  the  right, w i th  re s p e c t  to 
s top  (28). This m ovem ent w hich  ta k e s  place th ro u g h  the  ac tion  
of a  p o w erfu l  spring  (15), m a y  be used  to  o p e ra te  a  c o n tac t  
w hich  in te r ru p ts  the  e lec tr ica l  c ircu it  of the driv ing  motor.

In  fig. I d  is show n disc (26) a f t e r  being s to p p ed  b y  the  
housing (20). S p r ing  (15) e lim inates  the  p la y  in the  mechanism 
coupled  to  the  se c o n d a ry  gear.
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F u r th e r  re fe rence  will be m ade to  th is  l a t e r  on. W h e n  the  
load  which is ap p lied  to  the  se c o n d a ry  g e a r  (17)' d ec reases  
an d  reaches  a  value t h a t  is lo w e r  th a n  the  opp o s i te ly  d irec ted  
to rq u e  e x e r te d  b y  sp ring  (15), the  se c o n d a ry  g e a r  (17) moves 
to  the  le f t  u n d e r  the  influence of spring  (15) an d  consequen tly  
the  p re ssu re  of spring  (22) on p a w l  (23) changes its  position  
a n d  d irection  as a  re su l t  of w hich  p a w l  (23), to g e th e r  w ith  
ro l le r  (25), is p re s se d  into the  te e th  of the  p r im a ry  g e a r  (3) 
so t h a t  the  connection b e tw e e n  (3) an d  (26) is r e s to re d .

F ina lly ,  the  s e c o n d a ^  g e a r  (17) an d  disc (26) a re  reengaged  
u n d e r  the  influence of spring  (15) and  the  in itia l position  
i l lu s t ra te d  in fig. l a  is re a c h e d  again. The housing (20) is 
m oved to  the  left  b y  the  ac tion  of a  w e a k  spring, w hich  is 
now  possib le  since (17), (15) a n d  (26) a re  moved now  as  one 
un it  to  the  le f t  b y  the  p r im a ry  g e a r  (3) v ia  ro l le r  (25) a n d  
p a w l  (23), thus d isengaging ro l le r  (7) an d  housing (20). The con
ta c t s  a c tu a te d  b y  the  l a t t e r  r e v e r t  to  the  initial position.

Fig. 2 i l lu s t ra te s  the  to rque-lim iting  clutch in its  p ra c t ic a l  
form. The num bers  in the  figure co r re sp o n d  to  those  in the 
p reced ing  descrip tion .

The small spring  (2d) ensu res  t h a t  the  ro l le r  (25) is pushed  
back  ag a in s t  p a w l  (23) a f t e r  the  l a t t e r  has  left  the  p r im a ry  
r a t c h e t  (3).

A lever  (8) is m ounted  on the  housing (20) an d  serves  to 
a c tu a te  the  con tac ts  show n  w h en  moving th ro u g h  a  n a r ro w  
angle as has  been  desc r ibed  above.

The blocking un it

The blocking mechanism of the  in s ta n tu n e r  con ta ins  a  num ber  
of p a w l  rings (12) an d  p a w ls  (18) (see fig. 3). The p a w l  ring 
a ssem b ly  m oun ted  on the  main sh a f t  consis ts  of 12 paw l-r ings  
w hich  can be r o t a t e d  a ro u n d  the  b ea r in g  rings. The paw l-  
rings a re  s e p a ra te d  from each  o th e r  b y  sp ace r  rings (11).

In  o rd e r  to  couple the  sp a c e r  rings to  the  main shaft ,  the 
a ssem b ly  fo rm ed  b y  these  rings an d  the  bea r ing  rings is com
p re s se d  b e tw e e n  a  shou lder  on the  sh a f t  a n d  a  nut. The forces 
w hich  develop  w hen  the  m echanism  is s topped , a re  thus  no 
longer  capab le  of d isplacing the  sp a c e r  rings w i th  re s p e c t  to 
the  shaf t .  The n u t  is a t  the  same time the  r e a r  p re s su re  ring 
fo r  the  p aw l- r in g  assem bly .

W h e n  the  flap (1) on the  knob  of the  main sh a f t  is p re s se d



F ig .  5
P e rsp e c t iv e  sectional d r a w in g  of  the  in s ta n tu n e r  w i th  m a n u a l ly  o p e ra te d

s low -m otion  drive .

1 =  flap
2 =  p re s su re  pin
3 =  p u sh -b u t to n  m a n u a l  tun ing
4 =  k n o b  o f  s low -m otion  dr ive
5 =  ball  ca tch
6 =  pin
7  =  g e a r -w h e e l  sec to r
8 =  s lan t ing  slot
9 =  in te rm ed ia te  w h ee l  of  posit ion t ra in  

10 =  p re s s u re  g e a r  w h e e l
1 1 =  s p a c e r  r ings
12 =  p a w lr in g s
13 =  r e a r  p re s su re - r in g
14 =  cage  cheeks
15 =  m a n u a l -o p e ra t io n  d isk
16 =  coupling  to tun ing  e lem ent
17 =  m ain  shaf t

18 =  p a w ls
19 =  p aw l- l i f t in g  lever
20 =  sp r ing  on se lec to r  w h e e l
21 =  se lec to r  w h ee l
22 =  c lam ping  ro ller  of  f reew hee l
23  =  in te rm ed ia te  w h ee l  of se lec to r  t ra in
24 =  house o f  f re e w h e e l
25 =  sp r ings  o f  to rque- l im it ing  clu tch
26 =  s e c o n d a ry  w h e e l  of  c lu tch
27 =  ha irp in  sp r ing
28 =  lifting pin  of  ro l le r  p a w l
29 =  ro ller  p a w l
30 =  p r im a ry  w h e e l  w i th  a sso c ia ted

r a tc h e t  o f  c lu tch
31 =  p re s su re  key
32 =  ta p e re d  key
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home, p re s su re  is e x e r te d  on the  paw l-r ings  and  the  a s so c ia ted  
sp a c e r  rings, b y  a  sliding ta p e re d  pin m ounted  in the  knob. 
The force is t r a n s fe r r e d  to  the  p re s su re  g e a rw h e e l  a t  the  
f ro n t  of the  assem bly  via a  pin a n d  a  p re s su re  b lock  (32), 
th ro u g h  the  hollow  main shaft .  The paw l-r ings  an d  the  space- 
rings a re  com pressed  b e tw e e n  the  r e a r  p re ssu re -r in g  (13) and  
the  p re ssu re  g ea r-w h ee l  (10), an d  in th is  w a y  th e y  cons ti tu te  
an  in teg ra l  unit  w i th  the  main shaft .  W h e n  the  flap a t  the  
f ro n t  is opened, the  com pressive force is rem oved  and  the  
paw l-r ings  can be r o t a t e d  on the  shaft .  The paw ls ,  each w ith  
a  paw l- l if t ing  lever, a re  m oun ted  on 12 p a w l  spindles. The 
p a w l  spindles a re  evenly  d is t r ib u te d  a ro u n d  the  main sh a f t  
and  are borne  by  tw o  cage cheeks (Id).

The se lec to r  w hee l (21), w hich tu rn s  f ree ly  on the  main shaft ,  
an d  by  m eans of w hich one of the  p a w ls  is se lected , is p r o 
vided  w i th a  collar. The pins a t ta c h e d  to  the  lif ting-levers  (19) 
r e s t  on this collar. In  th is  position  of the  lifting-lever, the  
h ead  of a  p a w l  does n o t  engage its p a w lr in g ;  it is held a  little  
d is tance  a w a y  from the  paw l-r ing , f a r  enough to  c lea r  the  
po in t  w h e re  its d ia m e te r  is g re a te s t .  The co lla r  has  a  V -  
sh ap ed  no tch  in w hich  a  lifting-pin can be d ep re s sed  b y  a 
spring  enab ling  one of the  o p e ra t in g  levers  to  m ake  a  p a w l  
engage the  a ssoc ia te  paw l-r ing . A f te r  ro ta t in g ,  the  main s h a l t  
is a r r e s te d  b y  this section of the  p a w l- r in g  device, w h i ls t  the  
rem ain ing  eleven p aw ls  s ta y  c lea r  of th e ir  paw l-r ings .  Selecting  
a  new  position, the re fo re ,  en ta ils  ro ta t in g  the  se lec to r  w heel 
th ro u g h  an  angle of 30° o r  a multiple of 30°.

The pin of the  lif ting-lever a sso c ia ted  w ith  the  engaged  p a w l  
is then  forced  u p w a rd s  on the  slope of the  V -s h a p e d  notch. 
The p a w l  is thus  au to m a tica l ly  re lea se d  by  the  m otor, w  h ils t  
the  p a w l  se lected  nex t  is now  in the  position  to  a r r e s t  the  
main shaft .  The d irec tion  of ro ta t io n  of the  se lec to r  w hee l  is 
is a lw a y s  the  same an d  in d ep en d en t  of the  d irec tion  of ro ta t io n  
of the  se lec to r  sw itch.

The instantuner
The in s ta n tu n e r  is su i tab le  fo r  one d irec tion  of ro ta t io n  

and  tw o  o r  more units  can be coupled  b y  using in te rm e 
d ia te  gears .  The blocking-m echanism  an d  the torque-lim iting  
clutch, a re  bu il t  as  a un it  an d  m oun ted  b e tw e e n  tw o  endp la tes .  
In  fig. 3 in te rm ed ia te  g e a r  (9) is coupled  to  the  p r im a ry  g e a r  
(30) a n d  can r o ta te  f re e ly  on the  m a in sh a f t  (17). The gea r  (23)
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is coupled to se lec to r  g e a r  (21) and  can r o ta te  f ree ly  on the 
su p p o r t in g  spindle of the  to rque-lim iting  clutch.

I t  w ill  be c lea r  t h a t  w h en  a  second in s ta n tu n e r  is coupled 
to  t h a t  show n  in fig. 3, the  d irec tion  of ro ta t io n  of the  p r im a ry  
g e a r  (30) a n d  the  p r im a ry  g e a r  of this 'second in s ta n tu n e r  is 
the  same owing to the  p resence  of in te rm ed ia te  g e a r  (9). The 
second in s ta n tu n e r ,  how ever,  differs from the  unit show n  in 
fig. 3, since the  se c o n d a ry  g e a r  of the  second un it  m ay  no t  be 
coupled  to g ea r  (10) of the in s ta n tu n e r  i l lu s tra ted .

F u r th e rm o re  the  se lec to r  g e a r  (21) of the  in s ta n tu n e r  show n 
in fig. 3 an d  the  se lec to r  g e a r  of the  coupled  unit have  the 
same d irec t ion  of ro ta t io n  owing to  the  p resence  of in te rm ed i
a te  g e a r  (23).

T h e re fo re  it is possib le  to couple d irec t ly  all the  tuning 
e lem ents  b y  m eans of in s ta n tu n e rs  on the  f ro n t  pane l  of a  
t r a n sm it te r .  All in s ta n tu n e rs  a re  m oun ted  on a  solid common 
f ro n tp la te  b y  fixing sc rew s  an d  can be eas i ly  rep laced .

The in s ta n tu n e r  and  the  to rque-lim iting  clutch a re  held t o 
g e th e r  b y  end  p la tes .

Combination a n d  control o f  instantuners
In  fig. 4 is show n  the  functional d iag ram  of a  com plete  t u 

ning device consisting  of th re e  in s ta n tu n e rs .
The driv ing m o to r  M  d r ives  the  se lec to r  gea rs  of the in

s ta n tu n e r s  P K lf P K 2 an d  P K 3 via a  to rque-lim iting  clutch 0 A. 
O n  the  se lec to r  spindle  a re  also  m ounted  a co llector  C an d  a  
r a t c h e t  g e a r  K . The same m o to r  also  d rives  the  c e n t ra l  spindles 
of the  in s ta n tu n e rs  P K 1, P K 2 an  d P K ,  v ia  the  to rq u e  limiting- 
c lu tches 0 lf a n d  0 3 and  a  s te p -d o w n  gearing.

I t  is assum ed  t h a t  the  sys tem  is a t  r e s t  a f t e r  having se lec ted  
a  des ired  p re s e t  position  of the  tun ing  elements, the  to rque-  
limiting clutches 0 If Or, and  0 3 hav ing  re lea se d  the  in s ta n tu n e rs  
from the  driving-mechanism.

D u r in g  this ac tion  the  co n tac ts  S lf S 2 a n d  S 3 have  been  
opened  an d  thus  the  m o to r  c ircu it  is b roken .

Changing-over to other frequencies
W h e n  it  is d es ired  to  change over  to  a n o th e r  f requency  it  is 

on ly  n e c e s s a ry  to  o p e ra te  the  se lec to r  sw itch  b y  bring ing  it 
in the  position  co rrespond ing  to  the  des ired  p re s e t  position  of 
the  tun ing  element. I f  fo r  ins tance  A5 in fig. 4 is tu rn e d  from 
position  1 to  2, c u r re n t  flows v ia  co llec tor  C thus  energising 
the  e le c tro m ag n e t  R  w hich  re lea se s  p a w l  P  from  the r a t c h e t  K
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which is r ig id ly  m ounted  on the  se lec to r  spindle. C o n se q u e n t ly  
the  se c o n d a ry  g e a r  of the  torque-lim iting  clutch 0  4 is no longer 
b locked an d  the  coupling springs r e s to re  the  connection b e tw e e n  
the  se lec to r  spindle and  the  driving-mechanism . The co n tac t  
S 4 w hich  is o p e ra te d  th ro u g h  the  ac tion  of 0 4, as a l r e a d y  d e 
scribed  above, now  closes the  m o to r  c ircu it  a f t e r  the  m o to r  
has been  s t a r t e d  b y  closing the  c o n ta c t  on r a t c h e t  p a w l  P .
The m o to r  tu rn s  the  se lec to r  gea rs  from position  1 in position  2.

A s a l r e a d y  s ta te d ,  as soon as the  se lec to r  gears  leave  p o s 
ition 1, all the  p a w ls  engaged, a re  lif ted  and  the  main sha f ts  
a re  no longer blocked.

C o n se q u e n t ly  the  torque-lim iting  clutches Ox , 0 2 an d  0 3 a re  
ab le  to  r e s to re  the  connection b e tw e e n  the  main sha f ts  a n d  
the  driving-mechanism . As a  resu lt ,  each of the co n tac ts  S It S 2 
a n d  S 3 closes the  m otorcircuit .  All the  torque-lim iting  clutches 
a re  now  engaged.

As show n  in fig. 4 the  co llec to r  C is m ounted  on the  se lec to r  
spindle. This co llec to r  is designed  in such a  w a y  t h a t  ju s t  b e 
fore the  se lec to r  spindle  reaches  position 2 the  e lec tr ica l  c ir 
cuit of the  e lec tro m ag n e t  R  is in te r ru p te d ,  which perm its  the  
sp r ing -loaded  p a w l  P  to  engage the  r a tc h e t  K  so t h a t  the  
se lec to r  spindle is a c c u ra te ly  s to p p e d  in the  des ired  position.

The torque-lim iting  clutch 0 4 pe rm its  the se lec to r  spindle to  
be s to p p e d  while  the  m o to r  keeps  running.

W h e n  the  clutch O4 re lea se s  the  se lec to r  spindle from the  
driv ing-m echanism  c o n ta c t  S 4 opens.

H  ow ever,  the  e lec tr ica l  c ircuit  of the  m o to r  rem ains  closed 
via  the  co n tac ts  S lf S 2 an d  S 3 w hich  have  been  closed in the  
meantime.

The re q u ired  p aw ls  a re  now  set.
W h  en the  tuning-elem ents  have  re a c h e d  the  des ired  position 

the  main sh a f ts  a re  b locked, as  a  r e su l t  of w hich the  to rq u e  
limiting clutches 0 lf 0 2 an d  0 3 re lease  these  sh a f ts  from the  
driv ing-m echanism  an d  open the  con tac ts  S lf S 2 and  S y  Since 
these  co n tac ts  a re  connected  in pa ra l le l ,  the  m o to r  is sw itch ed  
off b y  the  l a s t  c o n ta c t  to  be opened, thus  ending the  tun ing  cycle. 
As s ta te d  before , the  spring  to rq u e  rem ains  on the  main sha f ts  
a n d  elim inates the  p la y  in the  mechanism  giving the  high r e 
se t t ing  accuracy" of the  in ta n tu n e r .

The tuning e lem ents  m ust  n o t  be fi t ted  w i th  s tops  w hich  limit 
the  angle of ro ta t io n ,  since the in s ta n tu n e r  m echanism  ro ta te s  
in one d irec tion  only.
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P h o to g ra p h  of  an in s tan tuner ,  designed lor a i rc ra f t  t r a n s m i t t e r s  and  
su itab le  for a t ransm it ted  torque ol max. O.d N m .



A pplica tion  oi a n u m b er  ol in s ta n tu n e rs  w ith  
cen tra l  d r ive -m echan ism  on the front panel oi a

t ran sm it te r .
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General outline of the development of transmitters 
for television and frequency modulation

by P. W . L. v. Iterson and H. A. T eunissen*)

Lecture delivered for the Nederlands Radiogenootschap on December 17th 1954

1. In tro  due tion

D u rin g  the  p o s t - w a r  y e a r s  Philips Telecom m unication  In d u s 
tr ie s  have  deve loped  a  ran g e  of T V  an d  F M  tra n sm it te rs ,  t o 
g e th e r  w i th  ae r ia ls  an d  accessory  equipment. These  t r a n sm it te r s  
a re  to  be em ployed in the  N e th e r la n d s  T V  an d  F M  project.  
T he  requ irem en ts  to  be m et b y  these  t r a n s m i t te r s  have  been  
la id  d o w n  in the  C C 1 R  recom m endations, in add it ion  to  which 
every  P T T  A dm in is tra t ion  h as  its  ow n  regu la tions . In  a  num ber  
of cases these  requ irem en ts  a re  in fa c t  su rpassed . The fo l low 
ing f requency  ran g es  w e re  la id  d o w n :

41 — 68 M c/s ,  b a n d  I Television b ro a d c a s t in g
87.5 —100 M c/s ,  b a n d  I I  S ound  b ro a d c a s t in g  (usually  F M )

174 —220 M c/s ,  b a n d  I I I  Television b ro ad cas t in g .

T he  N e th e r la n d s  te levision t r a n s m i t te r  a t  L opik  o p e ra te s  in 
b a n d  I (6 1 —68 M c/s) ,  all o th e r  t r a n s m i t te r s  in the  N e t h e r 
lands  being p lan n ed  to  o p e ra te  in b a n d  I I I .

The m a jo r i ty  of T V  s ta t ions  in E u ro p e  have  a d o p te d  the  
625 line system a n d  use F M  fo r  sound. The sound t r a n sm i t te r s  
w o r k  on a  f requency  w hich  is 5.5 M c /s  h igher  th a n  the  video 
c a r r ie r  frequency .

2. Power

A  ran g e  of t r a n sm i t te r s  w ith  the  follow ing p o w e rs  has  been  
d e v e lo p e d :

V i d e o  S o u n d
B a n d  I
50 W  drives  500 W  10 AV -► 100 o r  250 W
50 W  -> 500 W  -* 5 k W  10 W  -> 250 W  -> 1 o r  3 k W
50 W  ->• 500 W  -> 5 k W  -> 25 kW **) 10 W  -> 250 W - > 5 k W

*) Ph il ips  T e lecom m unica t ion  In d u s tr ie s ,  H i lv e rsu m  - N e th e r la n d s .
**) U n d e r  d ev e lo p m e n t  for  L o p ik .
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V i d e o  S o u n d
B a n d  I I I
50 W  ^  500 W  10 W - >  100 o r  250 W
50 W -> 500 W 5 k W  10 W  +  250 W + l  o r 3 k \ V

B a n d  I I
10 W - >  50 W * )
10 W  ->250 W  
10 W - >  250 W  -»■ 5 k W  
10 W - » 250 W ^ - 1 0  k W

3. Tubes

The h igher frequencies  a n d  the  re la t iv e ly  high p o w e rs  used  
n e c ess i ta te d  the  deve lopm en t of new  types  of o u tp u t  tubes .  I t  
p ro v ed  possib le  to  c o n s tru c t  a ir-cooled  te t ro d e s  w ith  an  anode  
d issipation o f  2.5 k W ,  i.e. type  Q B L  5/3500.

T he  use of te t ro d e s  has  the  following a d v a n ta g e s  ove r  the  
use of t r iodes  :
a. low  grid  c u rren t ,  so sm all d r iv e r  s tage
b. high efficiency, because  a  fa ir ly  la rge  d r iv e r  s tage  can u su 

a lly  be om itted  (e.g. an  overa l l  efficiency of 60 °/0 fo r  a  
10 k W  F M  t ra n s m i t te r )

c. efficient an d  simple neutraliz ing , w i th o u t  the  use of a  
g rounded -g rid  circuit  w ith  its low  efficiency

d. stabiliz ing the  anode  vo ltage  of the  R F  o u tp u t  s tage  in 
the  T V  video t r a n s m i t te r  to  a b so rb  mains vo ltage  surges 
is n o t  n ecessa ry

e. low  grid  cu rren t ,  so small video m o d u la to r  fo r  T V  video 
t r a n sm i t te r .

4. Design

All t r a n s m i t te r s  a re  housed  in s e p a ra te ,  iden tica l  cab inets ,  
thus  pe rm it t ing  the  in s ta l la t io n  to  be ex tended  in a  simple 
m anner.  A n  example of this is the 5 k W  T .V .  t r a n sm it te r .  
The 500 W  p re l im ina ry  s tage  is housed  in a single cab in e t  
a n d  drives  the  5 k W  video o u tp u t  s tage  d irec t  v ia  a  coaxial 
conductor.  The 5 k W  ou tpu t  s tage  has  a  s e p a ra te  p o w e r  supply  
a n d  m o d u la to r  cab inet.  This design pe rm its  a  r a p id  change
over  from  the  o u tp u t  s tage  to  the  p re l im ina ry  s tage, should  the

*) I n te n d e d  fo r  F  M. l ink t r a n s m i t t e r  n e tw o rk s .
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Fig. 2
5 k W  FA I sound t r a n sm i t te r ,  b a n d  II.
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p o w e r  s tage  develop  a  fau lt .  I t  also pe rm its  changing over  
from the  p re l im ina ry  s tage  in o p e ra t io n  to  the  s ta n d -b y  p r e 
lim inary  s tage, if a  fa u l t  develops in the  form er.

W h e r e v e r  space pe rm it ted ,  use w a s  m ade of flat, v e r t ica l  
mounting p la te s ,  an d  chassis ex tending  on telescopic  ru n n e rs  
w e re  used in a ll  o th e r  cases. Fig. 1 show s the  f ro n t  panels  
of the  cab inets ,  m entioned  above, six in n um ber  from the  r ight.

Fig. 2 show s a  5 k W  F M  t r a n s m i t te r  fo r  b a n d  I I .  The left- 
h a n d  cab in e t  con ta ins  the  250 W  p re l im ina ry  s tage , the  10 ^V  
d r iv e r  s tage  a n d  the  p o w e r  supp ly  unit. The cen tre  cab ine t  
houses the  5 k W  o u tp u t  s tage . The copper  slug grid  tuning 
circuit is visible a t  the  ve ry  top . The r ig h t-h an d  cab ine t  accom 
m o d a te s  the  H T  supp ly  un it  fo r  the  5 k W  o u tp u t  s tage.

5. P ow er supply

All t r a n s m i t te r s  up to  1 k W  a re  fed  from single phase , 
220 V  i  5 °/0 A C  mains, the  t r a n s m i t te r s  w i th  h igher p o w e r  
being supp lied  from a  3-phase , 380 V  +  5 °/0 mains. The no rm al 
mains f requency  is 50 c/s an d  it  is a  simple m a t t e r  to  a d a p t  
the  t r a n s m i t te r  to  60 c/s mains.

5.1. H e a t e r  s u p p l y

The req u irem en t  w i th  re sp e c t  to  hum to be m et by  T V  video 
t r a n s m i t te r s  is only —45 db, a  req u irem en t  t h a t  can easily  be 
m et by  employing a  S c o t t  c ircuit  o r  a  slightly  v a r iab le  3 -phase  
mains supp ly  (for 3 tu b es  in pa ra l le l) ,  even w i th  la rge  d irec t ly  
h e a te d  filaments.

A ll  tubes  in F M  t ra n s m i t te r s  w i th  single p hase  supply  a re  
D C  fed, including the  ind irec t ly  h e a te d  tu b e s  in the  exciter .  
In  p a r t ic u la r  the  f irs t  tubes  in the  exc ite r  (osc illa to r  tu b e  etc.) 
v e ry  soon give r ise  to  F M  hum, the  req u irem e n t  to  be m et 
being —65 db. The re q u irem e n t  fo r  A M  hum is —60 db, a n d  
th is  is easily  m et w ith  the  D C  fed h e a te rs ,  p ro v id ed  the  o th e r  
e lec trode  vo ltages  a re  sufficiently sm oothed.

The h e a te r  rectif ier  consists  of a t ra n s fo rm e r ,  a  selenium 
rectif ier  a n d  a  choke. In  the  la rg e r  F M  t r a n s m i t te r s  w i th  3- 
phase  supply, only the  h e a te r s  of the  o u tp u t  tubes  a re  S c o t t  
connected  a n d  A C  fed, y e t  the  hum req u irem en ts  a re  met.
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5.2. H T  s u p p l y

The p o w e r  supply units em ployed in the  F M  t ra n sm i t te r s  
a re  of conventional design. N e a r ly  all p o w e r  supply  units  fo r  the 
T V  t ra n s m i t te r s  m ust  be s tab ilized  e lectronica lly , fo r  the  h u 
m an eye is highly sensitive  to  sm all a n d  ra p id  v a r ia t io n s  of 
the  video signal am plitude. The R F  signal am plitude  corres>- 
ponding  to  the  b lack  level m ust  th e re fo re  be in d ep en d en t  of 
mains vo ltage  surges a n d  also  of the  p ic tu re  con ten ts .  This im
plies t h a t  the  s tabiliz ing f a c to r  be high an d  the  in te rn a l  r e 
s is tance  low  (b e tw e e n  0 an d  5 M c/s) .

Since the  R F  o u tp u t  tu b es  in the  video t r a n s m i t te r s  up to  
5 k W  a re  te t ro d e s ,  i t  is n o t  necessary  to  stabilize the  anode 
vo ltage , p ro v id ed  th ey  a re  no t  d r iven  to  maximum anode  voltage.

The R F  o u tp u t  tube  in the  25 k W  video t r a n s m i t te r  is a 
t r iode ,  how ever ,  an d  the  t r a n s m i t te r  w ill  th e re fo re  have  a  
feed b ack  circuit. The use of e lec tro ly t ic  cap ac i to rs  has  been 
avo ided  fo r  all t r a n sm it te r s ,  the  more re l iab le  p a p e r  cap ac i to rs  
being used  th roughou t .  A ll t r a n s fo rm e rs  and  chokes a re  housed  
in closed cans, an  am b ien t  te m p e ra tu re  of 40 cC  h as  been  ta k e n  
into account.

A ll  t r a n sm i t te r s  a re  em inently  su itab le  fo r  use in t rop ica l  
c lim ates.

6. Design o f  the R F  circuits a n d  m ethod o f  bypassing

F o r  the  la rg e r  tubes  the  R F  anode  circuits  m ay be re g a rd e d  
as L e ch e r  circuits w h e re  frequencies  in b a n d  I I  a n d  I I I  a re  
concerned. The same applies  to  the  grid  c ircu it  of the  10 k W  
F M  tra n sm i t te r ,  inco rpo ra t ing  4 type  Q B L  5/3500 tubes ,  w hen  
used  in b a n d  I I .

F o r  use in b a n d  I I I ,  i t  w a s  n e c essa ry  to  leng then  the  grid 
c ircu it  b y  a  j  X open circuit, because  the  po in t  of maximum 
c u r re n t  lies a t  the  in ta k e  po in t  of the  tubes .

Fig. 3 i l lu s t ra te s  the  construc tion  of the  5 k W  T V  video 
o u tp u t  s tage  fo r  b a n d  I I I .  The grid tuning circu it  is seen in 
the  u p p e r  section, the  anode  tuning  circu it  being show n be low  
it. I t  is possib le  to  m ake  use of coils even in b a n d  I I I  w hen  
less p o w erfu l  tubes ,  e.g. up to  50 W  ( Q ,Q E  06/40), a re  em 
ployed. The tuning  capac itance  th en  consis ts  m ere ly  of the  tube  
a n d  the  p a ra s i t ic  capac i tances  w i th  a  se r ie s -capac ito r ,  if any, 
to  tune ou t  the  p a ra s i t ic  self-inductance. The circu it  is tuned  
b y  m eans of 2 sym m etrical,  a d ju s ta b le  copper  slugs in the  coils.
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Fig- Ö

O u tp u t  s tag e  5 k W  I V video tra n sm itte r , b a n d  III.
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Coupling ol the various  cab ine ts  is by means of coaxial cable 
lo r  the  low p o w e r  t ra n sm i t te r s  and  coaxial tub ing  for those 
ol h igher pow er.  1 he ou tpu ts  of the t r a n s m i t te r s  a re  usually 
ba lanced , the connection to the u n b a lan ced  circuit  being made 
via |  /  loop or a ba lance -unba lance  t r a n s fo rm e r  (balun). This 
t r a n s lo rm e r  is usua lly  ol the w id e b a n d  type, capab le  of h a n d 
ling the en tire  f requency  band . R F  c u rren ts  of high value flow 
th rough  the  short ing  s tu b  ol the L ech e r  circuits and, conse
quently , the con tac ts  m ust be well made. The shorting  s tu b  
has a co lla r  ol sping con tac ts ,  and  good c o n ta c t  is fu r th e r  e n 
sured  by an ad d it iona l  coil spring which keeps the spring con
ta c ts  tight. The construc tion  ol the  L ech e r  system is such th a t  
it can be moved in a vert ica l  d irection  w hen  the  tubes  require  
to be changed O n e  e lec trode  ol the  R F  b y p a ss  c a p ac i to r  is 
a metal p la te , the o th e r  e lec trode  being form ed by the chassis. 
In view ol the high te m p e ra tu re s ,  teflon is used as the d ie lec
tric. Both the h e a te r s  a n d  the sc reengrids  a re  R F  bypassed  
by m eans ol this capac ito r ,  im pedances ol a sufficiently low 
value being thus  ob ta ined .  A few  p a p e r  cap ac i to rs  £ire used to 
bypiiss the supply  leads fo r  video signals.

The circuits of R F  o u tp u t  s tages  in video t r a n s m i t te r s  must 
be w ideband . A slight d rop  in the frequency  response  curve is 
permissible  since this re su l ts  in h igher efficiency a n d  'ou tpu t  
pow er.  1 his d rop  is easily  co r rec ted  w ith  the correc tion  equ ip 
ment be lo re  the video m odula tor .

7. Frequency stability  and  the generation o f  frequency modulation

The c a r r ie r  frequency  for the T V  video t r a n s m i t te r  is derived  
l rom a very  s tab le  c ry s ta l  oscilla tor. T h e  req u irem en t  to be 
met is: frequency  devia tion  <  it 500 c/s. The T V  sound t r a n s 
m it te r  may be driven  by  the  video t r a n s m i t te r  o sc illa to r  bv mixing 
the signal from the l a t t e r  w ith  a signal d e r iv ed  from a  c ry s ta l  
osc il la to r  (w ith  a b o u t  ten  times lo w er  frequency), o r  d irec t  from 
a s e p a ra te  s tab le  c ry s ta l  o sc il la to r  which drives  the frequency  
m odula ted  exciter.

F requency  m odulation  in the F M  exciters  is accom plished in 
the foil owing ma nne r :

A type  O A  71 germ anium  diode in series wi th a  low value 
c a p a c i to r  is sh u n te d  ac ross  p a r t  of the  c ircu it  ol a coil o s 
cilla tor. W h e n  the  c u r re n t  flowing th rough  the  diode is va r ied ,  
the  impedance of the series  c a p a c i to r  and  w ith  it  the frequency 
of the c ircuit  varies . The c u r re n t  th rough  the  diode is then
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v a r ied  in A F  rhy thm . N a tu r a l ly ,  the  s tab i l i ty  of the  m id-fre 
quency  of the  coil o sc i l la to r  is insufficient a n d  th is  frequency  
should  be com pared  w ith  the  f requency  of a  c ry s ta l  oscilla tor, 
w h ich  is 33 kc/s low er.

The difference frequency  is g e n e ra te d  in a  hexode ty p e  mixer 
tube . A  d ire c t  c u rren t ,  w hich  drives  the  diode a n d  thus keeps  
the  difference f requency  c o n s ta n t  on the  33 kc/s d isc r im ina to r  
frequency , is o b ta in ed  v ia  a  l im iter  a n d  a  33 kc/s" frequency  
d iscr im inator .  B o th  the  coil o sc i l la to r  an d  the  d isc r im ina to r  a re  
te m p e ra tu re  com pensated . B y  the  use of these  a  frequency  
s tab i l i ty  of ^  ±  1000 c/s can  be achieved. The non-l inear  d is 
to r t io n  fo r  the  en tire  t r a n s m i t t e r  w h e n  employing the  m ethod  
of m odula tion  u n d e r  discussion is ^  1 %  b e tw e e n  30 a n d  15000 c/s, 
m easu red  w i th o u t  de-em phasis  n e tw o rk .
Synchronous  A M  ^  - d 5 d b  (am plitude  v a r ia t io n  due to  m odu

la tion)
F M  noise 70 db, w i th  p r e - a n d  de-em phasis  n e tw o rk
F M  hum 65 db, w i th  p r e - a n d  de-em phasis  n e tw o rk .

The F M  exciters  have  th e i r  ow n  built- in  A F  oscilla tor, w hich  
m akes  i t  possib le  to  a d ju s t  the  f requency  dev ia tion  b y  m eans 
of the  so-called  “ 1st B esse l  minimum” .

8. A m plitude  modulation o f  the video transm itter

T he  R F  signal is m ultip lied a n d  amplified b e tw e e n  the  c ry s ta l  
o sc i l la to r  a n d  the  grid  of the  R F  o u tp u t  tube, w h e re  m o d u la 
tion  is accomplished. In  te lev ision  th is  is ca lled  h igh -pow er 
m odula tion . C o n t r a r y  to  h igh -pow er  m odula tion , low  p o w e r  
m odu la t ion  is accom plished a  few  s tages  p r io r  to  the  o u tp u t  
s tage . The amplifiers fo llow ing the  m o d u la te d  s tage  m ust  th e n  
be w id e b a n d  l in ea r  (class B) amplifiers, giving rise to  the  u n d e r 
s ta n d a b le  tun ing  difficulties. The m odu la to r ,  h o w eve r ,  can  th en  
be sm aller.  F o r  p o w e rs  up to  5 k W  m odula tion  is accom plished  
in the  grid  circuit  of the  o u tp u t  tube . T he  25 k W  t r a n s m i t te r  
consis ts  of the  5 k W  t r a n s m i t t e r  fo l low ed  by  a  l in ea r  a m 
plifier as o th e rw ise  the  m o d u la to r  w o u ld  have to  be v e ry  big 
indeed , p a r t ic u la r ly  since the  o u tp u t  tu b es  a re  t r iodes .

The video m o d u la to r  of the  500 W  t r a n s m i t te r  a n d  t h a t  of 
the  5 k W  t r a n s m i t t e r  each  comprise th re e  amplifier s tages  only. 
The D C  com ponent is r e s to r e d  in a  clamping circuit, op e ra t in g  
on the  b a c k  porch, in the  grid  c ircu it  of the  m o d u la to r  o u tp u t  
s tage . E a c h  line scanning  p e r io d  the  b a c k  p o rch  is b ro u g h t  to
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a  fixed d irec t  vo ltage  level by  m eans of clamp pulses de r ived  
from the  tra i l ing  edge of the  sync, pulse. T he  clamping circuit 
comprises 4 tubes  and  is connected  d i re c t  w i th  the  input of 
the  video m odu la to r .  This clamping circuit supplies ve ry  s tab le  
pulses, even in the  p resence  of a  good d ea l  of noise and  
ad d i t io n a l  hum.

The grid of the  R F  o u tp u t  tube  has  a  metallic  connection 
w i th  the  anode of the  m o d u la to r  o u tp u t  tube  via a  video c o r 
rec t ion  filter. The c a th o d e  of the  R F  o u tp u t  tube  is thus  a t  a  
high d irec t  vo ltage , w hich gives the  c o r rec t  negative  b ias  fo r  
this tube. ^V ith  this m ethod  of D C  re s to ra t io n ,  the  s tab i l i ty  
a t  b lack  level is b e t t e r  th a n  ±  2 °/o fo r  mains fluctuations of 
±  5 °/0 a n d  vary ing  p ic tu re  con ten ts .  The unm odu la ted  R F  p r e 
lim inary  s tage  m ust o p e ra te  as a  g e n e ra to r  w ith  a  low  in te rn a l  
res is tance . F o r  this pu rpose  the  grid circuit  is dam p ed  w ith  a  
lo w -inductance  re s is to r .  V a r ia t io n s  in the grid  c u r re n t  due to  
va r ia t ions  in the  p ic tu re  con ten ts  then  have  l i t t le  influence on 
the  am plitude  of the  R F  sign al.

The in te rn a l  re s is tan ce  of the  m o d u la to r  m ust  also be low.
B o th  m ethods p re v e n t  dev ia tions  in l ineari ty ,  and  the  non

l inea r i ty  of the  en tire  t r a n s m i t te r  is <  ±  20 °/0. The m o d u la to r  
o u tp u t  s tage  of the  5 k W  video t r a n s m i t te r  consists  of 3 ty p e  Q B  
3.5/750 tu b es  wi th  an  anode  re s is tance  of 400 ohms, while the  
grid c u r re n t  of the  R F  o u tp u t  s tage  (2 X  Q B L  5/3500) is only 
a b o u t  30 mA m ean c u r re n t  fo r  a  b lack  p ic ture .

9. V estig ia l sideband system  f o r  T V  video transm itters

In  o rd e r  to  come up to  the  C C I R  recom m endations, w hich  
aim a t  the  m ost fav o u rab le  utilization  of the  ava i lab le  f re q u e n 
cy spectrum, the  lo w e r  s ideband  m ust be suppressed  in a c c o rd 
ance w ith  a  given curve. A vestig ia l s ideband  filter specially 
developed fo r  this purpose  is f i t ted  a t  the  o u tp u t  of the  t r a n s 
m itte r .  The filter has  b o th  a  high pass  section a n d  a  low  pass  
section. The p o w e r  of the  u p p e r  s ideband  passes  th ro u g h  the 
high pass  section and  is applied  to  the  a e r ia l  via a  diplexer. 
The p o w e r  of the  lo w e r  s ideband  passes  th ro u g h  the  low  pass  
section a n d  is then  d iss ipa ted  in a  51.5 ohm re s is to r .  T he  e n 
tire  filter is co n s tru c ted  from coaxial tubing, tuning  being ef
fec ted  by  m eans of ad ju s ta b le  sh o r te d  tubing.

The lo sses in the  filter give rise to  so much h ea t ,  t h a t  the
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var ious  elements, which m ay  severe ly  affect the  tuning by  th e ir  
expansion, m ust be m ade of m a te r ia l  w i th  a  low  coefficient of 
expansion , i.e. invar.  Q u i te  a p a r t  from this, it  is still necessary  
to  cool b o th  the  filter a n d  the  re s is to r  by  m eans of a b low er.

The requ irem en ts  m et by  the  filter a r e :
In se r t io n  loss fo r  fb  — p ic tu re  c a r r ie r  <  0.3 db,
V a r ia t io n  in loss b e tw e e n  fb  and  fb  + 5 M c /s  ^  1 db,
In se r t io n  loss fb  — 1.25 M c /s  and  fb  — 5.5 M c /s  ^  20 db, 
S tan d in g  w ave  ra t io  b e tw e en  fb  — 5 M c /s  and  fb~\~ 5 M c /s  1:1.15

10. D iplexer

The signals of the sound t r a n s m i t te r  and  the  video t r a n s m i t 
t e r  can be led to  a  single ae r ia l  via a  single feed e r  by  the 
use of a  diplexer. The d ip lexer p re v en ts  the  video signals from 
p e n e t ra t in g  into the sound t ra n sm it te r ,  a n d  vice versa .

I t  is a  bridge type  d ip lexer  an d  also  m ade of coaxial tubing, 
T he  filter m ust be w id e b a n d  fo r  the  transm iss ion  of video signals* 
T he  p o w e r  reflected by  the  various  7 s tubs  used  is d iss ipa ted  
in res is to rs .  The d ip lexer  is also b low er-coo led . A n o th e r  type 
of d ip lexer  has  been  developed, w hich perm its  the  ope ra t ion  
of  tw o  F M  t ra n s m i t te r s  w i th  a  slight difference in f requency  
on one and  the  same a e r ia l  w i th o u t  in te rfe r ing  w ith  one an o th e r .

T he  requ irem en ts  m et by  the T V  d ip lexer fo r  use in b a n d  I I I
a r e
In se r t io n  loss fo r  p ic tu re  c a r r ie r  fb  
In se r t io n  loss fo r  sound c a r r ie r
V a r ia t io n s  in loss b e tw e e n  f b — 1.5 M c /s  and  f b + 5 M c/s  
Lo ss b e tw e e n  video inpu t  a n d  a e r ia l  o u tp u t  for

fb  +  5.5 M c /s
C r o s s ta lk  a t te n u a t io n  from video to sound fo r

fb  — 0.75 M c /s  to  fb  4-  6 M c/s  
S tan d in g  w a v e  ra t io  fo r  video input 
S tan d in g  w a v e  ra t io  fo r  sound inpu t

< 0.1 db
< 0.3 db
< 3 db

> 29 db

> 30 db
< 1 : 1.1
< 1 : 1.3

11. H arm onics a n d  adjacent frequencies

The a d ja c e n t  frequencies  have  been  successfully suppressed  
to  v e ry  low  values by  m aking use of b a n d p a s s  filters in the  
p re l im ina ry  s tages, if necessary ,  an d  by  loop coupling (magnetic 
t r a n s f e r  only). P ro p e r  screening of the R F  o u tp u t  s tages  p r e 
v en ts  spurious rad ia t io n .  The use of a high osc il la to r  frequency
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(5 — 10 M c/s )  is a lso  a d v a n tag e o u s .  A  harm onic  suppress ion  
filter has  been  deve loped  fo r  use in F M  t ra n sm it te r s .  This 
filter su p p re sse s  the  2nd, 3 rd  an d  d th  harm onics  to  an  a d e q u a te  
degree . I t s  p ro p e r t ie s  a r e :

M axim um  p o w e r :  10 k W
S tan d in g  w av e  r a t io :  b e t t e r  th a n  1 :0 .85  (Z Q being 51.5 Q)
S u p p re ss io n :  60 db  a t  re s is tan ce  load .
F re q u e n c y :  87.5 — 108 M c/s .
Th e use of th is  filter p e rm its  the  su p p ress ion  of the  h a rm o 

nics a n d  a d ja c e n t  frequencies  to  co n s id e rab ly  less th a n  1 m W .

12. Monitoring of transmitters

A n F M  rece iver  is coupled  w ith  the  o u tp u t  of the  F M  
t ra n sm i t te r s .  This F M  rece iver  is a lso e n t i re ly  co n s tru c ted  of 
coaxia l tub ing  and  o p e ra te s  w i th o u t  therm ionic  tubes. A  moni
to r ing  amplifier is connected  w i th  the  rece ive r  to  p e rm it  a  check 
on the  p ro p e r t ie s  of the  t r a n sm i t te r .  R eflec tom eters  m ake  it  
possib le  to  m easu re  b o th  the  f o r w a r d  p o w e r  a n d  the  re flec t
ed p o w er .

A p ic tu re  m onitoring rece ive r  is coupled  w ith  the  o u tp u t  of 
the  video t r a n sm i t te r s .  The p ic tu re  m onitoring  rece ive r  fo r  
b a n d  I consis ts  of coils an d  t h a t  fo r  b a n d  I I I  of tu n e d  co
ax ia l tubing. These  rece ivers  have  a  phase  an d  am pli tude  curve 
co rrespond ing  w i th  those  of n o rm a l com m ercial rece ivers .  T he  
t r a n s m i t te r s  a re  aligned w ith  the  help  of these  m onitoring  r e 
ceivers, a  video sw eep  g e n e ra to r  (0 — 10 M c /s )  an d  sq u a re  
w a v e  signals ( repe t i t ion  f req u en cy  312.5 kc/s). T he  var ious  t e s t  
signals a re  supplied  b y  a  s e p a r a te  t e s t  signal g en e ra to r .  The 
video t r a n s m i t t e r  is p ro v id e d  w i th  sev e ra l  o th e r  m onitoring  
poin ts , e.g. in the  m odu la to r .  E i th e r  a p ic tu re  m onito r  o r  an 
oscilloscope m ay  be connected  to  these  poin ts .

13. Control desk T V  transmitters

The con tro l  desk  con ta ins  tw o  p ic tu re  m onito rs  fo r  checking 
bo th  the  inpu t  an d  the  o u tp u t  of the  t r a n sm i t te r .  The o u tp u t  
of the  s ta n d - b y  link rece iv e r  m a y  also  be m onito red .

The F M  sound  t r a n s m i t t e r  is checked  w i th  the  help  of a  
m onitoring  amplifier. The con tro l  desk  has  been  k e p t  as 
simple as possible, the  more involved checks being  m ade  from  
the  con tro l  cab inet.  The va r ious  m onitoring  po in ts  a re  led  ou t
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to  th is  cab inet,  w hich  also  has  facilities fo r  connecting the  t e s t  
signal g e n e ra to r  etc.

14. Video correction equipment

The m a jo r i ty  of the  im perfec tions of the  T V  video t r a n s 
m it te r  can be co r rec te d  a t  video level a t  the  t r a n s m i t t e r  input. 
To this end, a  n u m b er  of co rrec t ion  devices have  been  developed , 
which will a lso  re m e d y  a n y  fau lts  in the  incoming video signal. 
The t r a n sm i t te r ,  p a r t ic u la r ly  the  R F  o u tp u t  s tage  w i th  the  
vestig ia l  s ideband  filter a n d  the  m onitoring receiver,  has  a  fa i r ly  
la rge  phase  e r ro r .  This e r r o r  is rem ed ied  w i th  a  p h a se  c o r rec 
tion  filter. This is an  a l l -pass  n e tw o rk  prov id ing  sufficient p r e 
co rrec t ion  to  overcome the  phase  lag  of the  t r a n s m i t te r  +  
m onitoring  receiver.

The R F  o u tp u t  s tage  has  a  slight re sponse  d ro p  for  the  
h igher video frequencies  an d  a  few  small phase  e r ro rs  resu lt ing  
from  it. T hese  can also  be rem edied  b y  m eans of p re -co rrec t ion . 
A p hase  a n d  am pli tude  co rrec to r ,  op e ra t in g  on the  principle  of 
the  “ d e r iva t ive  amplifier” , has  been  developed  fo r  this purpose . 
The phase  an d  am plitude  c o r re c to r  perm its  the  add it ion  of the  
1st, 2nd a n d  3 rd  d e r iva t ives  of the  video signal, w ith  such 
m agnitude  and  p o la r i ty  t h a t  the  fa u l t  in the  am plitude  c h a ra c 
te r is t ic  is rem oved . The p ro p e r  phase  p re -co rrec t ion  is accom 
plished  au tom atica l ly .  The m o d u la to r  an d  R F  o u tp u t  tubes  
give rise  to  a  few  l in e a r i ty  e r ro rs ,  re su lt ing  in b lack  an d  sync 
pulse compression. A stabiliz ing amplifier has  been  ^developed, 
the  o u tp u t  sync, pulse of w hich is v a r iab le  a n d  w hich  perm its  
p re -co rrec t io n  of the  l in e a r i ty  (gam m a correc tion).

A w hite -c l ipper  has  been bu il t  into th is  stabiliz ing amplifier 
to  p re v e n t  the  t r a n s m i t te r  from being m odu la ted  more th a n  
90 °/0, since special req u irem en ts  have  to  be m et w i th  r e g a rd  
to  the  use of the  in te r c a r r ie r  sound receivers .

The stabiliz ing amplifier a lso  rem edies  the  follow ing fau lts  of 
the  incoming signa l: add it ive  hum up to  a b o u t  25 A F  fau l ts  
up to 25 °/0 fo r  50 c/s sq u a re  w av es ,  too  small a  sync /s igna l 
ra t io  up to  5/95 °/0. I t  sometimes happens  t h a t  the  noise in 
p o o r  link connections is excess ively  high, e.g. 20 °/0, while  the  
sync, s ignal ra t io  has  d ec re a se d  to  e.g. 5/95 °/0.

The use of the  stabiliz ing amplifier then  m akes  i t  possib le  to
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supp ly  p r o p e r  sync, pulses w i th  a  40/60 °/0 ra t io ,  y e t  the  
“ s t r e a k in e s s ” due to  noise is low.

The video vo ltages  in this co rrec t io n  equ ipm ent a re  re la t iv e ly  
lo w. The equ ipm ent is a lso  used  in link connections sub jec ted  
to  sev e re ly  fluctuating mains vo ltages .  F o r  th is  pu rp o se  the  psu 's  
a re  e lec tron ica l ly  s tab ilized  an d  have  an  ex trem e ly  high s ta b i 
lizing fac to r .

15. Test signal genet'a tor fo r  T V  video tratismitters

A te s t  signal g e n e ra to r  has  been  deve loped  su itab le  fo r  
te s t in g  the  video t r a n s m i t te r .  The t e s t  g e n e ra to r  supplies the  
fo llow ing signals mixed into  the  com plete  sync, s ignal:
50 c/s sq u a re  w a v e  synchron ized  w ith  the  f ram e f req u en cy
62.5 kc/s sq u a re  w ave  synchron ized  w ith  the  line scanning f r e 
quency
312.5 kc/s squa re  w a v e  sy nch ron ized  w ith  the  line scanning f r e 
quency  rise  time ^  0.05 /xsec
line s a w  to o th  synchron ized  w i th  the  line scanning  f requency .

This s a w  to o th  can be v a r ied  w i th  c o n s ta n t  p e a k  value in 
such a  m anner,  t h a t  various  p ic tu re  con ten ts  a re  s im ulated .

A 4 M c /s  signal m ay  be mixed in add it ive ly .  W h e n  the  signals 
have  p assed  th ro u g h  the  equ ipm ent u n d e r  te s t ,  a ll  frequencies  
lo w e r  th a n  4 M c /s  a re  fil tered  out. The l in e a r i ty  dev ia tion  can 
th e n  be a c c u ra te ly  m easu red  a n d  the  gam m a correc tion , fo r  
exam ple, ad ju s ted .  iVideo sw eep  signal of 0 —TO M c/s  +) 1 db  
wi th  m a rk e rs  a t  2.5-5- 7.5 a n d  10 M c/s ,  a n d  a  re p e t i t io n  f r e 
quency  of 50 c/s.

The sync, signals m eet the  C C I R  recom m endations  an d  m ay  
e i th e r  be free  running  w ith  c r y s ta l  con tro l  o r  mains sy n c h ro 
nized.

16. Aerials

The choice of the  r ig h t  a e r ia l  m akes it  poss ib le  to acqu ire  
a  high E R P  on these  sh o r t  w a v e s  w i th  r e s t r ic te d  t r a n s m i t te r  
p o w er .  The a e r ia l  gain is o b ta in ed  th ro u g h  focussing in the 
h o r izo n ta l  p lane.

A su p e r  tu rn s t i le  ae r ia l  has  been deve loped  fo r  use in b an d  I. 
A  section of this ty p e  of a e r ia l  consis ts  of tw o  sys tem s of
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v e r t ica l ly  m ounted  dipoles, fed in such a  w a y  th a t  the  b a n d  
w id th  suffices fo r  a t  le a s t  one channel. A ’ num ber  of these  
sections m ay  be s tacked . W i t h  3 s ta c k ed  sections the  gain is 
a b o u t  3.5. The s tand ing  w a v e  ra t io  is b e t t e r  th a n  1 : 1.1 fo r  
one channel. A helical a e r ia l  has  been  deve loped  fo r  use in 
b a n d  I I .  This a e r ia l  consists  of a  v e r t ica l ly  p laced  cylinder,  
from the  cen tre  of w hich ru n  tw o  helices a t  a  given spacing, 
one clockwise an d  the  o th e r  anti-clockw ise.

The a e r ia l  is cen tre -fed  b y  m eans of a  single feeder.  T hese  
helical ae r ia ls  m ay  also  be s ta c k ed  to  ob ta in  a h igher gain.

The gain of one section is a b o u t  5, the  s tan d in g  w ave  ra t io  
being 1 : 1 . 1 .

A n a e r ia l  of the  same ty p e ,  hav ing  the  same p ro p e r t ie s ,  has  
been deve loped  fo r  use in b a n d  I I I .

17. Change-over in case o f  break-down

T V  t r a n s m i t te r s  a re  so in tr ica te ,  t h a t  i t  has  n o t  been  p o s 
sible as y e t  to  use them  u n a t te n d ed .  T h e re fo re  the  t r a n sm i t te r s  
have  been  p rov ided  w ith  facilities fo r  m anua l  change-over  to 
re d u c e d -p o w e r  opera t ion ,  i.e. change-over  to  the  p re l im in a ry  
s tage. A m anua lly  o p e ra te d  coaxia l sw itch  fo r  a  p o w e r  c a r r y 
ing c a p a c i ty  of 20 k W  has  been  deve loped  fo r  th is  purpose . 
A  m oto r-d r iven  coaxial sw itch  can be supp lied  lo r  use w ith  
u n a t te n d e d  F M  t ra n sm i t te r s .  The t r a n s m i t te r  m ay  also  be 
sw itched  to  a  5 k W  or  20 k W  w a te r-co o led  loading  res is tance .

V a r io u s  F M  t r a n s m i t te r s  will  be supplied  fo r  use in un 
a t t e n d e d  s ta t ions .  Such a  s ta t io n  will house tw o  com plete  5 k W  
F M  t ra n s m i t te r s  to  r e l a y  the  H ilve rsum  I a n d  I I  p rogram m es. 
E a ch  t r a n s m i t te r  has  a  250 s ta n d -b y  p re l im in a ry  s tage. 
W h e n  the  o u tp u t  s tage develops a fau lt ,  a  change-over  to  the  
250 W  p re l im ina ry  s tage  is made. In  the  case of a  fau l t  d e 
veloping in the  p re l im ina ry  s tage  in use, a  change-over  is m ade 
to  the  s ta n d -b y  p re l im ina ry  s tage. The en tire  change-over  p r o 
cedure  is effected au to m atica l ly  b y  m eans of a  so-called ro b o t .  
This ro b o t  consists  of a  num ber  of re lays ,  w hich a re  con tro l led  
by  the  o u tp u t  of the  var ious  re f lec tom eters  (o u tp u t  m eters) .  A  
num ber  of p re c a u t io n a ry  m easures  have  been  em bodied  in the  
ro b o t  — a n d  in the  t r a n s m i t t e r  p ro p e r  — w hich  p re v e n t  a
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change-over  to  the  load ing  re s is tan ce  from  being  m ade w h e n  
the  w a te r-coo ling  is n o t  on.

T he  r o b o t  i tse lf  m ay  be con tro l led  rem ote ly ,  a n d  i t  m ay  be 
u sed  to  sw itch  t r a n s m i t te r s  on o r  off rem ote ly .  T he  ro b o t  m ay 
be  sw itched  ou t  of c ircu it  a n d  the  va r ious  change-overs  m ade 
rem otely . The p reva il ing  s i tu a t io n  is sh o w n  b y  m eans of p ilo t 
lights. F ive tw in  c o n d u c to r  w ire s  a re  re q u i re d  fo r  rem ote  con
tro l .  A  single tw in  c o n d u c to r  w ire  suffices w h e n  a  m ultip lexing 
circuit, o p e ra t in g  on e i th e r  d i re c t  c u r re n t  o r  woice f req u en cy  
pulses, is used.
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Boekbespreking
" A  Treatise on E lectricity  and M agnetism ", by  James C lerk M ax
well. U nabridged  T h ird  Edition; T w o  volum es bound as one. 
D over Publications, Inc. 1954, 1006 pag., 13 x 20 c.m., 122 fig. 
Prijs $ 4,95.

D e ’’D over Publications, Inc.” liet een onveranderde afdruk  verschijnen van  
het bekende en beroemde w erk v an  James C lerk M axw ell: ,,A T reatise  on 
E lectricity  and M agnetism ”. H et betreft de derde druk, zoals deze in 1891 v er
scheen.

M axw ell, die in 1879, op 48-jarige leeftijd, overleed heeft reeds het verschijnen 
van  de tweede druk, die in 1881 van  de pers kwam, niet meer beleefd.

H et mag wel als volm aakt overbodig, zelfs als ongepast w orden beschouw d 
een bespreking aan  dit w erk te wijden.

H et w are te wensen, dat de heruitgave v an  dit grote w erk v an  M axw ell, 
mede door de lage prijs, in handen zal komen van  physici en ingenieurs. H et 
is schrijver dezer regelen bekend, dat er onder de laatsten velen zijn, die degenen 
onder hen, die de w erken van  M axw ell en van  H eaviside bestuderen, als ver
loren voor het vak  beschouwen.

H iertegenover moge w orden gesteld de uitspraak, die op de omslag van  de 
nieuwe uitgaaf voorkom t: as an educator M axw ell contended that ’’science is 
most easily digested in its nascent s ta te”. C ertain ly  his ow n original research 
papers make m any of the ideas of electricity, magnetism, optics and m athem ati
cal physics clearer than the hundreds of secondary tests and treatises covering 
the same ground.

J. P. S.

N IEU W E UITGAVEN

De redactie ontving de volgende nieuwe uitgaven:
Com puter D evelopm ent (S E  A C  and D Y  S E  A C )  at the N ational Bureau o[ 
Standards.
E lsevier's D ictionary o[ Television, Radar and A ntennas  door W . E . Clason. 
Deze u itgaven zullen in een der volgende nummers besproken worden.

FLUG-, W ETTER-, UND ASTRO-FUNKORTUNGSTAGUNG

V an  1—4 Juni had te M ünchen de Funkortungstagung plaats in het D eutsches 
Museum.

De opkom st voor dit congres w as groot, het deelnem erstal beliep boven de 
700, van  wie het merendeel uit D uitsland. V ele sprekers w aren  uitgenodigd om 
de drie dagen met een veertien lezingen per dag te vullen, over onderw erpen 
w aarbij de electronica een grote rol speelt. W e  noem en h iervan onder meer 
autom atisering van  het vliegen, landen en plaats bepalen, uitbreiding van  de 
grond-contröle, w eersbepaling door middel van  rad ar etc.

V an  A ir F rance kwam  een verslag over proeven genom en met semi-automa- 
tisch en volautom atisch aanvliegen op de landingsbaan. De appara ten  hiervoor 
gebruikt, vergem akkelijken het landen voor de piloot aanm erkelijk en maken een 
nauw keuriger koershouden mogelijk. H et bleek ook mogelijk om het landen 
zelf aan  een electronisch ap p araa t over te laten. Om  dit laatste aan  alle eisen 
van  veiligheid te laten voldoen w ordt echter de installatie zo kostbaar, dat het 
de v raag  is of dit economisch verantw oord  is.

Société Radio A ir gaf een overzicht van  de ontwikkeling en mogelijkheden 
van  het Radio W E B  systeem  voor plaatsbepalen. M et een systeem  van  vier 
zenders is het mogelijk om zowel in het vliegtuig als op de grond de plaats van  
het vliegtuig autom atisch te bepalen en aan  te geven op een k aart of een kathode- 
straalbuis. H et autom atisch navigeren behoort hiermee ook tot de mogelijkheden.

O p L ondon-A irport is een 8 mm D ecca-radar geïnstalleerd om een overzicht
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te hebben van  het vliegveld. T ijdens de voordrach t over deze installatie w erd een 
foto van  het radarbeeld getoond. H et beeld is zo gedetailleerd, dat de vorm 
van  een vliegtuig te herkennen is. De startbanen zijn duidelijk te zien, terwijl 
ook mensen en au to ’s door de sterkte van  de echo’s te onderscheiden zijn.

Bendix A viation kwam  met een beschrijving van  een vliegtuig rad ar om centra 
v an  slecht w eer op te vangen. T evens geeft het radarscherm  een beeld van  de 
bodem w aarover gevlogen w ordt en de richting van  R acon bakens. H et radar- 
ap p a raa t w erkt zowel in de 3 als in de 5 cm band.

Com pagnie Française R adioélectrique en C om pagnie G enerale de Télégraphié 
Sans Fils gaven in sam enwerking met de D uitse en Franse posterijen een dem on
stratie van de overdrach t van  een radarbeeld  via televisie van  Parijs n aar M ün
chen. De bovengenoem de M aatschappijen hebben een ,,storage tube” ontw ikkeld 
w aarin  het radarbeeld  aan  één zijde van  een inwendig scherm opgebracht en aan  
de andere zijde voor het televisiebeeld afgetast w ordt.

Prof. M einke, H oog leraar aan  de Technische H ogeschool te M ünchen, on t
wikkelde een storage tube, w aarm ee het mogelijk is om de bandbreedte, benodigd 
voor een radarbeeld, sterk te comprimeren. T evens w ordt bereikt, da t de signaal- 
stoorverhouding aanzienlijk vergroo t wordt.

D e firma Pintsch gaf een dem onstratie hoe met deze buis het radarbeeld  met 
6 kH z bandbreedte overgebracht kan worden.

V a n  de firma C. Plath kwam  een beschrijving van  een methode om peilingen 
met een kruisraam  te verrichten bij het optreden van  het nachteffect.

V an  N ederlandse zijde werd door F. C. Bik van  de K.L.M . een voordrach t 
gehouden over ,»Barometrische navigatie bij transatlantische vluchten en controle 
daarop  met behulp van  electronische en astronom ische p laatsbepaling .”

Alle qehouden voordrachten  zullen t.z.t. in druk verschijnen.
A. D.

JO URNÉES INTERNATIO NALES DE CALCUL ANALOGIQUE  
TE BR USSEL

V an  27 Septem ber tot 1 O ctober 1955 zal in Brussel een C ongres gehouden 
w orden, gewijd aan  de Analogiem achines, hun principes en w etenschappelijke 
en industriële toepassingen. H et C ongres w ordt georganiseerd door de S .I.T .E .L . 
(Société Belge des Ingénieurs des Télécom m unications et d ’E lectronique) in 
sam enwerking met enige andere Belgische G enootschappen.

E r  zullen een 7-tal „C onférences” gehouden w orden van  ca 1 uur, alsmede 
een 50-tal „C om m unications” van  ca 1 kw artier.

D e „conférences zijn:
„Problèm es de sim ulation ’ (titre provisoire)

M. J. B R O D IN  (L aboratoire C entral d ’Arm em ent - F rance)
„T he m echanical differential analyser, recent developm ent, applications”

M. S. E K E L Ö F F  (Chalm ers U niversity  of T echnology  - Sweden) 
„N etw ork  C alcu lators” (provisional title)

M. E. L. H A R D E R  (W estinghouse El. Corp. - U .S.A .)
„Résistance N etw ork  analogues”

M. G. L IE B M A N N  (A ssociated E lectrical Industries - G reat-B ritain)
„La méthode d ’analogie rhéoélectrique; ses possibilités et ses tendances”

M. L. M A L A V A R D  (U niversité de Paris - F rance)
„A nalyseurs différentiels électroniques” (titre provisoire)

M. F. H. R A Y M O N D  (Société d ’E lectronique et d ’A utom atism e -F rance) 
„Special C alcu la to rs” (provisional title)

M. H. W A L L M A N N  (Chalm ers U niversity  of T echnology  - Sweden) 
T ijdens de conferentie zal een tentoonstelling gehouden w orden van  apparaten , 

die van  belang zijn voor de gebruikers en constructeurs van  analogiem achines.
M en kan zich tot 15 A ugustus voor de Conferentie aanm elden. De inschrij- 

vingskosten bedragen 300 Belgische francs. M en w ende zich tot:
M. R. P E R E T Z , ingénieur A .I.Br., Secrétaire du Comité d ’O rganisation  

50, avenue Fr. Roosevelt, Brussel.
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Uit het Nederlands Radiogenootschap
PERSO NALIA  

H. REN S f
H et Bestuur brengt met leedwezen ter kennis van de leden dat de H eer 

H. Rens, directeur van  de M iddelbaar Technische Radioschool te H ilver
sum, op 30 April j.1. is overleden. N am ens het N ederlands R adiogenoot
schap werd de begrafenis te H ilversum  bijgewoond door de voorzitter 
van  de Exam encomm issie, Ir P. H. Boukema.

JUBILEUM  VAN PROF. Dr Ir W. TH. BAHLER

O p 20 Mei j.1. w as het vijfentwintig jaar 
geleden, dat Prof. Bahler het hoogleraars
am bt aan  de Technische Hogeschool te 
Delft aanvaardde met zijn inaugurele oratie 
over „A utom atische T elefon ie”.

Vele leerlingen, oud-assistenten, collega’s, 
vrienden en belangstellenden w aren tezamen 
in de grote collegezaal van  het gebouw voor 
Technische Physica om getuige te zijn van 
en in te stemmen met de vriendelijke en van 
respect en w aardering getuigende woorden, 
die tot de jubilerende hoogleraar en zijn 
echtgenote, in tegenw oordigheid van hun 
beide zoons en echtgenoten w erden gericht.

De V oorzitter van de Afdeling voor 
E lectrotecniek der Technische H ogeschool, 
Prof. Ir W . Fontein, richtte als eerste spre
ker het w oord tot de jubilaris. N a de grote 
verdiensten van  Prof. Bahler als docent en 
als vakm an en zijn scherpe, speelse geest 
in het licht te hebben gesteld, bood Prof. 
Fontein, als voorzitter van  het comité, dat 
de samenkom st voorbereidde, nam ens oud- 

leerlingen, collega's en vrienden de jubilaris mét zijn gelukwensen, een fraai 
muziekinstrum ent, een cello aan. De President C urator der Technische H oge
school reikte daarna, mét vriendelijke en w aarderende w oorden, aan  Prof. Bahler 
het bekende T .H .-sym bool, de brandende fakkel, uit.

De president van de Electrotechnische V ereniging sprak namens de studenten 
en overhandigde een album met portretten  van prom ovendi, oud-leerlingen, oud- 
assistenten en2.

De president van de raad van  beheer van  het Koninklijk Instituut van  In
genieurs, D r L. Neher, sprak namens dit instituut en zegde hem o.m. dank voor 
het grote aandeel, dat hij nam bij het tot stand komen van de afdeling voor 
E lectrotechniek van het instituut

Als laatste spreker trad Ir W . H. van Zoest, als oudste en eerste assistent 
van  Prof. Bahler naar voren. U it zijn w oorden bleek duidelijk met hoe groot 
enthousiasme, nu vijfentwintig jaa r geleden, de jonge docent Bahler met zijn 
eerste assistent en zijn trouwe m edewerker L. S. van  W ijk  aan het w erk zijn 
getogen. Hij bood Prof. Bahler aan  het slot van  zijn toespraak een strijkstok 
voor de cello en nog een album aan.

De hoogleraar betrok in zijn dankw oord allen, die hem hielpen en hem de 
gelegenheid gaven zijn onderw ijstaak en onderzoekingen geheel zelfstandig te 
verrichten. Hij herdacht in het bijzonder wijlen Prof. Elias, die hem de T ech 
nische Hogeschool binnenleidde.

E en druk bezochte receptie, die de vele aanw ezigen de gelegenheid bood de 
jubilerende hoogleraar en zijn echtgenote de hand te drukken, besloot de bijeen
komst. J. P. S.
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VERGADERINGEN

Sinds het verschijnen van het vorige nummer hadden de volgende vergade
ringen plaats:

18 M ei te Den H aag. Spreker: Ir J. L. Bordewijk over: Faze-draainetw erken 
en enkele toepassingen daarvan  in de transm issietechniek, en Ktz. b.d. J. H outs
muller met als onderw erp: P ropagatie  eigenschappen v an  m etergolven op niet 
te grote afstand van  de zender.

17 Juni te E indhoven. In sam enw erking met de Geluidstichting w erden op 
17 Juni te E indhoven lezingen en dem onstraties betreffende m agnetofoons ge
houden.

Sprekers w aren:
D r W . K. W estm ijze: Principe van de m agnetische registratie.
Ir G. Bakos: M echanische constructie van magnetofoons.
D r J. J. Geluk: G ebruik en toepassing van  m agnetofoons.
Ir R. V erm eulen: G eluidsreproductie met m agnetische registratie.

W ERA EXAM ENPRIJS

D E  W E R A  exam enprijs van het W etenschappelijk  Radiofonds V eder voor 
bijzondere prestaties bij het radiotechnicus exam en is voor de voorjaarsexam ens 
toegekend aan  de H eer C. W . H. van  H uystee, Paulus Potterlaan  13, Bilthoven.

NIEUW E LEDEN

Ir J. V . Bolier, v. K retschm ar van V eenlaan  96, H ilversum .
A. S. van den Bosch, G enem uidenstraat 189, D en H aag.
D r B. G. Damm ers, V alkensw aardsew eg 25, A alst N.B.
Ir A. Delsman, Laan van V ogelenzang 12, H ilversum .
D r H. Groendijk, St. Jansweg 6, Eindhoven.
A. de Jong, B orneostraat 24, Den H aag.
Ir A. J. van  der Ploeg, p.a. Therm ion N .V ., Lent (bij N ijm egen) 
Ir K. Rodenhuis, Guido G ezellestraat 40, E indhoven.
D r J. G. van W ijngaarden , G riendstraat 47, Geldrop.

VOORGESTELDE LEDEN

Ir A. C. H. Borsboom, G raaf F lorislaan 9, H ilversum . (P T I)
Ir A. Bijl, F rits R uysstraat 20B, Rotterdam  (O .). (Lab. Kon. Shell) 
Ir L. O ngkiehong, A pollolaan 175:i, Am sterdam  Z . (Lab. Kon. Shell) 
Ir T . Poorter, P ieter H uyssensw eg 20, E indhoven. (Philips)
Ir G. Radstake, Piet H einstraat 21, Den H aag. (P T T  afd. O .T .) 
Dipl. Ing. J. L. Roulet, H ertesprong 18, E indhoven. (Philips)

NIEUW E A D R ESSEN  VAN LEDEN

Ir J. C. Buis, D iependaalse D rift 29, H ilversum .
Ir J. Dom burg, Poirterslaan 13, E indhoven.
Prof. dr C. J. G orter, B urggravenlaan 3, Leiden.
Ir L. A. W . v. d. Lek, Laan van  N ieuw  O ost Einde, V oorburg . 
Ir C. J. P luygers, Sportlaan  710, Den H aag.
D r P. Schagen, 5 S ylvan  W a y , Redhill, Surrey, Engeland.
Ir M. J. V erm eijden, Javalaan  38, H ilversum .
Ir T h . J. W eyers , Javalaan  40, H ilversum .


