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Summary
Jn  the  e s tu a r ie s  o f  th e  r iv e rs  E lb e  a n d  W e s e r  a ch a in  o f  r a d a r  s ta tio n s  

is b e in g  e rec te d , o f  w h ich  som e a re  acco m m o d ated  in b u ild in g s on th e  
r iv e r  b a n k s  a n d  o th e rs  in lig h th o u ses  a m id s t m u d fla ts . T h ese  r a d a r  s ta tio n s  
fo rm  a  sy s te m  p ro te c tin g  sh ip p in g  in  th e  w a te rw a y s .  T h ey  em ploy  e q u ip ­
m en t o f  a d v a n c e d  desig n  in w h ich  tu b es  a re  la rg e ly  re p la ce d  b y  tra n s is to rs .

A f te r  an  o u tline  o f  the  p re p a ra to ry  w o rk  a  d e sc rip tio n  is g iven o f the  
sys tem , w ith  a  fe w  p a r tic u la rs  a b o u t th e  tech n iq u es u sed  in th e  e q u ip m en ts .

1***). Introduction

1.1. General

A b o u t 7 3'e a rs  ago the  M in is try  of T raffic of the  G erm an  F e d e ra l 
R epub lic  ag reed  to  have  an  in v es tig a tio n  in s titu te d  in to  the  
possib ility  ol ra is in g  th e  s a fe t j7 oi sh ipping on the  r iv e rs  E lbe  
an d  W e s e r  by  m eans of sh o re -b ased  r a d a r .  F o r  th is  p u rp o se  
the  N e d e rlan d sch  R a d a r  P ro e fs ta tio n  of N o o rd w ijk  w a s  in v ited  
to  a c t as an  adv is in g  b o d y .

In  o rd e r  to  gain  an  in sigh t in to  the  p rob lem s connected  w ith  
sh ipp ing  ac tiv itie s  in th is  a re a , it  w a s  re g a rd e d  a  good policy 
firs t to  bu ild  an  ex p erim en ta l r a d a r  s ta tio n  in C u x h av en  (1953) 
w h ils t sh o rtly  a f te rw a rd s  a  second ex p erim en ta l se t-up  w a s  
ta k e n  in to  use a t  B ru n sb iitte lk o o g . T he la t t e r  s ta tio n  is s itu a te d  
a t  the  en tra n c e  of th e  N o rd -O s ts e e -K a n a l  as  seen  from  the  E lbe.

The ex p erim en ta l r a d a r  se ts  w e re  sp ec ia lly  designed  fo r  th is
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w o rk : th e  h o rizo n ta l beam  w id th  of the  a n te n n a  w a s  0 .6 °, the  
R .F . pulse d u ra tio n  0.1 («sec w h ils t the  d isp lay  unit, equ ipped  
w ith  a  15" c a th o d e -ra j7 tu b e , in c o rp o ra te d  e lec tron ic  m easu ring  
a id s  w hich p e rm itte d  th e  b ea rin g  an d  ran g e  of c e r ta in  o b jec ts  
to  be e v a lu a te d  an d  th re e  e lec tro n ic  re fe ren ce  lines.

Fig . 1
A n te n n a  on lig h th o u se  (R o b b e n p la te )

In  ad d itio n  th e  in v e s tig a to rs  could  m ake use of p o r ta b le  
V I I F  tra n sm itte r - re c e iv e r  se ts, a lso  ca lled  P o rto p h o n es , w hich 
en ab led  o p e ra tio n a l experience to  be acq u ired  u n d e r  w o rk in g  
cond itions ty p ica l of the  sh ipp ing  ac tiv itie s  in th is  a re a . I t  w as  
c le a r  a lre a d y  a t  th e  o u tse t th a t  i t  w ou ld  be d o w n rig h t im pos­
sib le to  co llec t w ith  th ese  tw o  s ta tio n s  enough in fo rm atio n  fo r  
th e  sh ipp ing  tr a d e  in th e  E lb e , b u t, a f te r  all, i t  h ad  been  ag reed
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to  begin  w ith  re a d ily  accessib le  po in ts  w h e re  build ings w ere  
s itu a te d  a lre a d y . C u x h av en  is w h e re  th e  p ilo t serv ice  an d  a 
d e p a r tm e n t o f th e  M in is try  o f T ra ffic  a re  lo c a te d . T he rea so n s  
w hich  explain , w hy  th e se  o rg an isa tio n s  have se tt le d  th e re  a lso  
acco u n t fo r  th e  fa c t  w h y  C u x h av en  h as  been  se lec ted  fo r  a 
r a d a r  s ta tio n .

T he site  a t  B ru n sb iitte lk o o g  is s tra te g ic a lly  a  v a n ta g e  p o in t 
from  w hich  th e  sh ipping  tra ffic  jo in ing o r  leav ing  th e  E lb e  
traffic can  be su rv ey ed  easily .

In  co o p era tio n  w ith  th e  a u th o ritie s  a  w o rk in g  p la n  w a s  d ra w n  
up fo r  p re p a rin g  th e  n a u tic a l req u irem en ts  w hich  w o u ld  have  
to  be com plied w ith  b y  th e  r a d a r  system .

B y  th e  m iddle of 1957 so m any  re su lts  h a d  b een  o b ta in ed  
th a t  th e  com plete  specification  fo r  th e  r a d a r  p lan  could  be 
su b m itted .

T he in v es tig a tio n s  on th e  s ite s  of th e  W e s e r  r a d a r  system  
w ere  conducted  m ore o r  less a lo n g  th e  sam e lines a s  th o se  fo r  
th e  E lb e  s ta tio n s  a lth o u g h  g eo g rap h ica l cond itions d iffer w id e ly .

O w in g  to  th e  w id th  of th e  e s tu a ry  an d  th e  d is tan ce  of th e  
fa irw a y  to  th e  shore , th re e  o f th e  p ro sp ec tiv e  s ta tio n s  h a d  to  
be accom m odated  in ex isting  lig h thouses in th e  W e s e r  e s tu a ry . 
B ecause  th e  f a irw a y  is on ly  a  few  h u n d red  m e tre s  w ide  in 
p laces , a  high deg ree  o f accu racy  w a s  found  to  be e ssen tia l.

I t  w ill s ta n d  to  re a so n  th a t  in s ta llin g  an  ex p erim en ta l r a d a r  
s ta tio n  on a  ligh thouse  sim ply  could  n o t be done; i t  w o u ld  be 
to o  inaccessib le , as a  ru le , fo r  tech n ica l and  o p e ra tio n a l s ta f f  
a n d  th e re  w o u ld  be insufficient accom m odation  fo r  spend ing  a 
n ight.

A d d  to  th is  th a t  i t  w o u ld  be n e x t to  im possib le to  m ount 
th e  r a d a r  a n te n n a s  w ith  th e ir  la rg e  dim ensions, w e ig h ts  an d  
in e r t ia  (u n d e r ro ta t io n a l  an d  w ind  fo rce), a s  u sed  in  th e  ex ­
p e rim e n ta l s ta tio n s , o v e r th e  o p tica l sy stem  o f th e  ligh thouse  
(v ib ra tio n s).

F o r  th is  re a so n  i t  w a s  dec id ed  to  t r y  o u t a  r a d a r  s ta tio n  in 
B rem erh av en . T his w as  dem olished  in  1958 w h en  a  n ew  s ta tio n  
cam e in to  use in  W e d d e w a rd e n , a  few  m iles n o r th  o f B re m e r­
haven . T h is s ta tio n  is o f u p -to -d a te  design : a  lig h t-w e ig h t s lo tte d  
ra d ia to r , th e  a n te n n a  ty p e  w h ich  w ill be u sed  in th e  final d e ­
sign, d u p lica tio n  o f  th e  r a d a r  tra n sm itte r - re c e iv e r  a n d  tw o  
d isp la y  u n its  w ith  com prehensive e lec tron ic  m easu ring  fac ilities .

F in a lly , in th e  beginning  of 1958, th e  H am b u rg  C o m p an y  
E le k tro  S pez ia l rece iv ed  th e  o rd e r  to  c a r ry  o u t th e  r a d a r
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p ro je c t; sh o rtly  b e fo re  th a t  a  la rg e  num ber of P o rto p h o n e s  h a d  
been  o rd e re d  from  th a t  firm.

1.2. The R a d a r  Project

In  th e  design  of a  sh o re -b a se d  n av ig a tio n  r a d a r  sy stem  i t  is 
o f v ita l im p o rtan ce  firs t to  s tu d y  th e  n a u tic a l s itu a tio n  e x h a u s t­
ively  in o rd e r  to  be ab le  to  fix th e  m inimum n u m b er of s ta tio n s  
re q u ire d  to  su p p ly  n av ig a tio n a l d a ta  of sufficient accu racy .

In  th e  E lb e  p lan  (e s tu a ry )  th e  n a u tic a l re se a rc h  led  to  4 
sh o re -b a se d  s ta tio n s  w ith  tw o  o p e ra tio n a l c en tre s , viz. C uxhaven  
an d  B ru n sb titte lk o o g . T he a r e a  u n d e r  co n sid e ra tio n  h e re  ex ten d s 
from  lig h t v esse l E lb e  I to  th e  e n tra n c e  of th e  N o rd -O s ts e e -  
K an a l.

I t  is ex p ec ted  th a t  th e  lig h t v esse l w ill a lso  be equ ipped  
w ith  r a d a r  in due tim e.

T he 4 s ta tio n s  a re  sh o w n  in F ig . 2.
T he s ta tio n  w hich  is to  come f a r th e s t  o u t in to  th e  se a  w ill 

be s ite d  on th e  isle  of N e u w e rk .
B ecause  of housing  p ro b lem s fo r  th e  s ta f f  re q u ire d , a s  m en­

tio n ed  above , i t  h ad  been  a g re e d  b e fo re h a n d  th a t  u n a tte n d e d  
a n d  sem i-a tten d ed  s ta tio n s  su ita b le  fo r  be ing  co n tro lled  re m o te ly  
w e re  to  be reck o n ed  w ith .
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F o r  th e  second s ta tio n , A lte  L iebe (C u x h av en ) w a s  singled 
out. A  sp ec ia lly  designed  build ing  is r a p id ly  a p p ro ach in g  its  
com pletion  th e re . T his is close to  the  land ing  s tag es  n e a r  the  
sem ap h o re .

T h is s ta tio n  w ill se rv e  as the  o p e ra tio n a l c en tre  fo r  the  
N e u w e rk , C u x h av en  an d  B elum  r a d a r  s ta tio n s ; th e  la s t  one is 
a b o u t 10 m iles u p s tre a m  from  C u x h av en  an d  is th e  th ird  s ta tio n  
in  th e  chain.

F in a lly  th e  4 th  s ta tio n  w ill be e re c te d  in B ru n sb iitte lk o o g , 
a t  th e  e n tra n c e  to  th e  locks o f th e  N o rd -O s ts e e -K a n a l. T his s ta tio n  
is th e  second  o p e ra tio n a l c en tre  w hich  w ill be  se rv ed  by  th e  
s ta tio n s  to  be lo c a te d  fu r th e r  u p s tre a m . T h ese  w ill be p u t  ou t 
to  c o n tra c t la te r , w h en  th e  p re se n t p ro je c t w ill have  b een  ex­
te n d e d  to  include th e  s tre tc h  of E lb e  from  B ru n sb iitte lk o o g  to  
H am b u rg . T he r a d a r  sy s tem  fo r  th e  W e s e r ,  w h ich  w ill be 
b u ilt  up s im u ltan eo u sly  w ith  th e  E lb e  system , w ill a lso  co n sis t 
o f 4 s ta tio n s  to  s t a r t  w ith . I t  is ex p ec ted  th a t  th e  W e s e r  ligh t 
v esse l w ill be eq u ip p ed  w ith  a  spec ia l r a d a r  se t la te r  on.

T h ree  of th e  fo u r W ^eser s ta tio n s  w ill be accom m odated  in 
ligh thouses, viz. R o b b e n p la te , H o h e  W h g  an d  R o te rsa n d . The 
fo u rth  s ta tio n  is p laced  in a  to w e r  a t  B lexen , w hich  is s i tu a te d  
ac ro ss  from  B rem erh av en  on th e  w e s te rn  b a n k  o f th e  W h s e r ;  
th is  to w e r  h as  b een  b u ilt  sp ec ia lly  fo r  th is  p u rp o se  an d  h as  
been  com ple ted  re c e n tly . T he o p e ra tio n a l cen tre  h a s  been  p ro ­
je c te d  in B rem erh av en  on acco u n t o f its  fa v o u ra b le  p osition .

A s re m a rk e d  above, th e  fa c t  th a t  ligh th o u ses  a re  used  fo r 
the  in s ta lla tio n  of r a d a r  se ts  h a s  n e c e ss ita te d  th e  use o f lig h t­
w e ig h t a n te n n a s . T he choice h as  been  fixed on th e  ty p e  of s lo tte d  
r a d ia to r  dev e lo p ed  fo r  th is  p u rp o se  b y  th e  N e d e rla n d sc h  R a d a r  
P ro e fs ta tio n  a t  N o o rd w ijk .

T he p resence  o f an  efficient an d  re lia b le  com m unication  system  
is, o f course, of p a ra m o u n t im p o rtan ce  in th is  E lb e - W h s e r  r a d a r  
sy stem . I t  is e sse n tia l fo r  th e  r a d a r  o p e ra to r  to  be ab le  to  g e t 
r a p id ly  in to  touch  w ith  an y  p ilo ted  v esse l w ith in  h is w o rk in g  
a re a .

T o  m ake th is  possib le  a  few  V H F  rad io -te lep h o n e  s ta tio n s  
have  been  p lan n ed  on th e  sh o re  w h ils t ev e ry  p ilo t is issued  
w ith  a  P o rto p h o n e  o p e ra tin g  in  th e  160 M c /s  b an d .

D u rin g  th e  In te rn a tio n a l  M a ritim e  V H F  R ad io te lep h o n e  C o n ­
fe rence  held  in T he H a g u e  in 1957 ag reem en t w a s  re a c h e d  on 
th e  freq u en c ies  a llo c a te d  fo r  th is  function . In  ad d itio n  tech n ica l 
specifications w e re  d ra w n  up fo r  th e  equ ipm ent used  fo r  th is .
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I t  m a y  be a n tic ip a te d  th a t  m ore a n d  m ore sea-going  vesse ls 
w ill be  eq u ip p ed  w ith  V H F  equ ipm ent, n o t on ly  lo r  h a rb o u r  
r a d a r  p u rp o ses  b u t  a lso  fo r  co n sid e ra tio n s  of sa fe ty , in te rco m ­
m unication  b e tw e e n  sh ips an d  calling  fac ilities  fo r  th e  public.

The n u m b er of channels p ro v id ed  fo r  by  th e se  se ts , h ow ever, 
w ill u su a lly  be m uch less th a n  th e  p e rm issib le  m axim um  o f 26. 
F o r  th is  re a so n  it  is ex p ec ted  th a t  th e  n eed  fo r  P o rto p h o n e s  
w ill continue to  ex is t fo r  p ilo ting , h o w e v e r successfu l the  p lan  
fo r  re s tr ic tin g  th e  to ta l  n u m b er of channels m ay be.

In  th e  E lb e - W e s e r  p ro je c t an  o v e ra ll n u m b er of 6 channels 
is re g a rd e d  as e ssen tia l.

A ll th is  h as  induced  th e  G erm an  A u th o ritie s  to  p lace an  e a r ly  
o rd e r  fo r  600 6-channel P o rto p h o n es , of w h ich  a  n u m b er have  
been  d e liv e red  a lre a d y .

T he use o f sem i-a tten d ed  r a d a r  s ta tio n s  im plies th a t  o th e r  
w a y s  o f com m unication  w ill be  ca lled  fo r, such as p ic tu re  
tran sm iss io n  an d  rem o te  con tro l.

I t  m ay be of in te re s t  to  k now  th a t ,  as  f a r  as w e kn o w , no 
w ire le ss  r a d a r  p ic tu re  tran sm iss io n  system  h a s  h ith e r to  been  
used  in th e  civ ilian  sec to r.

A ll sem i-a tten d ed  r a d a r  s ta tio n s  in c o rp o ra te  A u x ilia ry  D isp la y  
U n its  (A .D .U .)  to  p e rm it p e rfo rm an ce  te s ts  to  be m ade from  a fa r . 
F o r  th e  sak e  o f re lia b ility  a ll e lec tro n ic  u n its  a re  d u p lica ted  
w ith  th e  excep tion  of th e  M a in  D isp la y  U n its  (M .D .U .) , fo r  each  
o p e ra tio n a l cen tre  in c o rp o ra te s  one s ta n d -b y  M .D .U . cap ab le  
o f ta k in g  o v er th e  fu n c tio n  of a  u n it th a t  g e ts  o u t o f o rd e r.

1.3. Block d iagram  o f  the system  (F ig . 3)

B efo re  hav ing  a  c lo se r look  a t  th e  in d iv id u a l u n its  w e sh a ll 
give a  schem atic  acco u n t of th e  w a y  th e  v a rio u s  signals a re  
ro u te d  th ro u g h  th e  system .

T h e  sy stem  m ay ro u g h ly  be b ro k e n  dow n  in to  th e  equ ipm en t 
of the  r a d a r  s ta tio n s  a n d  th a t  in th e  o p e ra tio n a l cen tres .

E ach  r a d a r  s ta tio n  co n ta in s  a  d u p lica ted  T ra n sm itte r-R e ce iv e r  
w hich  p ro d u ces  th e  rad io -freq u en cy  p u lses ra d ia te d  b y  the  
a n ten n a .

T he echoes rece iv ed  a re  c o n v e rted  by  th e  re c e iv e r to  v ideo  
p u lses w hich  a re  p a s se d  on, to g e th e r  w ith  th e  synchron iz ing  
p u lses  p re p a re d  in th e  T ra n sm itte r-R e c e iv e r , to  th e  A .D .U . an d  
R a d a r  D a ta  M o d u la to r  (b o th  d u p lica ted ).

T he a n te n n a  ro ta t io n  d a ta  g e n e ra te d  b y  m eans of a  sy n ch ro  
tr a n s m it te r  a re  in te n d e d  fo r  th e  A .D .U . In  a d d itio n  th e re  is
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a  pulse g e n e ra to r  coupled  w ith  the  an te n n a . T his se ts  up 0.7° 
pu lses w hich a re  used  to  tra n sm it th e  ro ta tio n a l in fo rm ation  of 
th e  a n te n n a  to  the  o p e ra tio n a l cen tre  an d  a re , th e re fo re , fed 
d ire c t in to  the  R .D .M . F u r th e r  the  pulse g e n e ra to r  p ro d u ces 
n o rth  pu lses an d  0  c a lib ra tio n  pulses (ev ery  5 deg rees  of r o ­
ta tio n ), w hich a re  d is tr ib u te d  to  the A .D .U . and  R .D .M . via 
th e  r a d a r  T ra n sm itte r-R e c e iv e r  as  " N o r th  d irec tio n "  and  R - 0  
c a lib ra tio n  pulses.

T he signals b ro u g h t to g e th e r  in the  R .D .M . a re  conveyed 
via a  ra d io  link  to  the  o p e ra tio n a l cen tre .

T he r a d a r  s ta tio n  fu r th e r  in c o rp o ra te s  a  w avegu ide  sw itch  
and  a sw itch ing  u n it; the  la t te r  ta k e s  ca re  of the  sw itch ing  from  
r a d a r  s e t  A to  B an d  p e rm its  th e  r a d a r  se ts  to  be co n tro lled  
e ith e r  lo ca lly  by m eans of a con tro l c a b in e t o r  rem ote ly .

1 he equ ipm en t in th e  o p e ra tio n a l c en tre  consists, in the  
c o rre c t o rd e r, of a ra d io  link rece iv e r, a  R a d a r  D a ta  D em o ­
d u la to r  an d  an  R - 0 / X -  Y  co n v e rto r, w hich s e p a ra te  the  signals 
received  an d  tr a n s la te  them  in to  a  su itab le  form  fo r a  maximum 
of th re e  M a in  D isp la3r U n its  (M .D .U .s ) .

2. A ntenna and drive system

2.1. General

T he a n te n n a  and  its  d rive  system  (see Fig. 4) has been  d e ­
veloped  by th e  N ed e rla n d sc h  R a d a r  P ro e fs ta tio n .

O  ne of the  fa c to rs  govern ing  its  design w a s  th e  fa c t  th a t  
som e of the  a n te n n a s  w ould  have  to  be in s ta lled  above the 
o p tica l system s of ligh th o u ses; th is m ean t th a t  the  a n te n n a s
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Fig . 4
A n ten n a

h ad  to  p re se n t a sm all su rface  to  th e  w ind  an d  y e t  be light 
enough in w eigh t.

F u r th e r  the  req u irem en t w a s  im posed th a t  th e  design of the 
d rive  should  p e rm it m a in ten an ce  and , w h e re  n ecessa ry , d isa s ­
sem bly  an d  a ssem b ly  w ith o u t the  need fo r  clim bing on th e  ro o f 
of th e  ligh thouse.

T he an te n n a  w ith  d rive  system  should  give good p erfo rm ance  
u n d e r w ind velocities up to  120 k m /h o u r an d  w ith s ta n d  w ind  
speeds as high as 180 km /hour.

2 .2 . Specification a n d  design data

2.2.1. A f e w  e l e c t r i c a l  d a t a

F req u en cy : a d ju s ta b le  w ith in  th e  8800 .. 9250 M c/s  band . 
B a n d w id th : +  50 M c/s  re fe r re d  to  th e  cen tre  freq u en cy . 
H o riz o n ta l b eam w id th : 0.6°.
V e r tic a l b e a m w ith : ap p ro x . 16°, w ith  the  — 3 d b  po in ts  a t  

a b o u t +  6 ° and  -  10 ° ou t o f h o rizo n ta l.
S ide lobe leve l: m ore th a n  27 db  dow n from  m ain beam .
G a in : ap p ro x . 36 db.
P o la riz a tio n : vertica l.
S ta n d in g  w av e  ra tio :  less th a n  1.2.
S canning  sp eed : 20 rev o lu tio n s p e r  m inute.
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2.2.2. A  f e w  n o t e s  a b o u t  t h e  d e s i g n  o f  t h e  s l o t t e d  
w a v e g u i d e  a n t e n n a .

T he slo ts  in th e  b ro a d  side of th e  w avegu ide  a re  o f th e  so- 
ca lled  se rie s -sh u n t ty p e , w hich  m eans th a t  th e y  s t a r t  from  the  
m iddle  of th e  b ro a d  side o f th e  w avegu ide . S u p p o se  th a t  th e re  
is a line th ro u g h  th is  m iddle. T he s lo t th en  form s a  c e r ta in  
angle to  th is  line an d , in a d d itio n , th e  cen tre  o f  th e  s lo t is 
o u ts id e  th is  line.

I t  is c h a ra c te r is tic  fo r  th is  ty p e  o f s lo t th a t  i t  p e rm its  the  
a n te n n a  to  be a d a p te d  p ro p e rly  a t  th e  design  frequency , so th a t  
th e  s lo ts  m ay be  m ade a t  in te rv a ls  spaced  b y  a  h a lf  w avegu ide  
w av e len g th . W i th  re s p e c t to  th e  b a n d w id th  in re la tio n  to  th e  
im pedance  i t  is w o r th  no tin g  th a t  th is  ty p e  o f s lo t o ffers g re a t  
a d v a n ta g e s  (a b o u t 20 °/0 b a n d w ith ) .

In  o rd e r  to  av o id  th e  direction o f th e  a n te n n a  ra d ia tio n  p a t te rn  
being  a  function  o f freq u en cy , cen tre  feed ing  is used. F o r  th is  
re a so n  th e  b a n d w id th  of th e  a n te n n a  is r e s tr ic te d  to  60 M c /s  
a s  f a r  as  th e  c h a ra c te r is tic s  of its  ra d ia tio n  d iag ram  a re  con­
ce rn ed  (see 2 .2 .1.).

A n excep tion  to  th is  ty p e  of feed  form s the  s ta n d -b y  a n ten n a . 
T h is is en d -fed  a n d  th e re fo re  h as  th e  d isp e rs iv e  p ro p e r ty  m en­
tio n ed  ab o v e . O n  th e  o th e r  h a n d  i t  can  be u sed  a t  an y  freq u en cy  
in  th e  specified b a n d  w ith o u t fa iling  to  m eet th e  req u irem en ts .

2.3. M echanical design.

T he r a d ia to r  is in s ta lle d  in  th e  to p m o st p a r t  of th e  w ing ­
sh ap ed  a n te n n a  u n d e r a  cover o f fo am -p o ly s ty ren e  enve loped  
in  “ Teflon” foil. T his r a d ia to r  is a  s lo tte d  w avegu ide  w h ich  is 
cen tre -fed . T he tw o  h a lv es  o f th is  r a d ia to r  to g e th e r  form  an  
angle o f a  few  d eg rees, w hich  is a d ju s ta b le  to  some e x te n t. 
T he m agn itude  o f th is  ang le  d e te rm in es th e  nom inal freq u en cy  
o f th e  a n te n n a . A t th e  to p  a n d  b o tto m  th e  r a d ia to r  is fitted  
w ith  p la te s  form ing  an  a p e r tu re  h o rn ; th e ir  fu nc tion  is to  produce  
th e  d es ired  ra d ia tio n  p a t te r n  a n d  red u ce  b a c k w a rd  ra d ia tio n .

A lthough  th e  a n te n n a  h as  a  sp an  o f o v er 4 m e tre s , i t  h as  
been  fa ire d  so successfu lly  t h a t  i t  re q u ire s  a  d riv e  m o to r of 
only  a  h a lf  h .p.. T he p o w e r consum ption  a t  zero  w ind  speed  
is 80 W .

A t its  b o tto m  th e  a n te n n a  is su p p o rte d  b y  a  ho llow  sh a ft 
th ro u g h  w hich  th e  w aveg u id e  ru n s.
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T he ho llow  s h a f t  fits in th e  ho llow  d riv e  sh a f t  o f th e  g e a r  box. 
In  th is  w a y  i t  is possib le  to  d isassem b le  th e  g e a r  box  from  
inside w ith o u t hav ing  to  rem ove th e  an te n n a .

U n d e rn e a th  th e  g e a r  box  th e re  is a  synchro  t r a n s m itte r  on 
a  s e p a ra te  sh a ft, w h ich  supp lies a n te n n a  ro ta t io n  d a ta  fo r  the  
A u x ilia ry  D isp la y  U n it, a n d  th e re  is a  second  sh a f t  fo r  th e  pulse 
g e n e ra to r . B o th  revo lve  a t  th e  sam e sp eed  a s  th e  an te n n a .

T he pu lse  g e n e ra to r  (F ig . 20) consists  of a  c e n tra l sh a f t  on 
w hich  fo u r cam s a re  m ounted . O n e  cam  h as 512 te e th  an d  is

used  to  g e n e ra te  \  — ap p ro x . 0 .7° pu lses. T he second  cam  h as

72 te e th  an d  p ro d u ces th e  5° 0  c a lib ra tio n  pulses. R o u n d  each  
of th ese  cam s th e re  a re  tw o  p ick-ups (reco rd in g  h ead s), one 
being  in n o rm al serv ice  a n d  th e  o th e r  ac tin g  as a  s ta n d -b y . A 
reco rd in g  h e a d  co n sis ts  of a  coil a n d  a  m agnetic  c ircu it using  
a  T ico n a l m agnet.
T he am p litu d e  o f th e  induced  v o ltag es  is a b o u t 30 m V . The 
th ird  an d  fo u r th  cam s h av e  a  single p ro jec tio n  on ly  a n d  a re  
u sed  to  g e n e ra te  a  n o rth  pu lse . T w o  cam s a re  u sed  because  
d u p lica tio n  of th e  reco rd in g  h ead s  is n e c e ssa ry .

3. Radar T ransm itter-R eceiver
See b lo ck  d iag ram , Fig. 5.

A s Fig. 5 show s, th e  M o d u la to r-T ra n s m itte r  is tr ig g e re d  by 
th e  synchron iz ing  un it.

T he R .F . p o w e r pu lses a re  p a sse d  th ro u g h  a  d u p lex er to  the  
a n te n n a . T he echoes re tu rn e d  b y  v a rio u s ob jec ts  p a ss  v ia  the

F ig . 5
B lo ck  d ia g ra m  o f th e  r a d a r  se t.
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d u p lex e r and  m ixer to  the  rece iv e r and , a f te r  being am plified 
an d  d e te c te d , th ey  a re  app lied  to  the  o u tp u t am plifiers as  video 
pulses.

T he S .T .C . unit, w hich  is tr ig g e re d  b y  the  synchron iz ing  unit, 
h as  th re e  positions (off — I — I I ) ,  of w hich  I and  II can be 
a d ju s te d  as  d esired  an d  a re  rem o te ly  co n tro llab le . In  ad d itio n  
it co n ta in s  a  c ircu it d e te rm in ing  th e  minimum range.

D a ta  from  the pu lse  g e n e ra to r  in the  a n te n n a  m ount a re  
co n v erted  b y  the  synchronizing  u n it to  R  — 0  c a lib ra tio n  pulses 
an d  N o r th  m a rk e r pulses. F in a lly  the  synchronizing un it supplies 
c a lib ra tio n  pulses an d  sync, p u lses w hich  a re  ap p lied  to  the 
A .D .U . and  R a d a r  D a ta  M o d u la to r .

I t  w ill be c le a r  th a t  a  good n um ber of p rov isions a re  req u ired  
to  m ake a  r a d a r  se t su itab le  fo r rem ote  con tro l. A s s ta te d  above, 
cond itions ’o ff" , ” 1" an d  " I I ” can be rem o te ly  se lec ted  fo r  the
S .T .C . unit. R em ote  co n tro l is a lso  possib le  of o th e r  functions, 
such as sw itch in g  the  F .T .C . n e tw o rk  of the  se t on o r off (D ilf. 
on-off); th is  is effected  by  m eans of re la y s , w hose  positions 
a re  in d ica ted  b y  lam ps on th e  c o n tro l p an e l of the  r a d a r  se t.

F ig . 6
P h o to g ra p h  o f r a d a r  se t
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3.1. Modulator - Transmitter

3.1.1. Specification : pu lse  leng th  : 0.08 +  0.02 jusec
p eak  pulse  p o w e r: m ore th a n  30 k W
freq u en cy  : a d ju s ta b le  from

8800 to  9250 M c/s .

3.1.2. T he tra n sm ittin g  tu b e  used is a ty p e  2 j t , \ A  m ag n etro n  
because  th is  covers the  d e s ired  freq u en cy  b an d  an d  has a  m i­
nimum p o w e r o u tp u t o f -10 k W .

3.1.3. A s the  m easu ring  accu racies  specified call fo r  a t r a n s ­
m itte r  w hich is excep tio n a lly  ji t te r - f re e , a  m o d u la to r of the 
’’h a rd ” ty p e  w as  used (see a lso  th e  a rtic le  ”8 mm R a d a r ” , 
N .R .G ., vol. 23, no. 1, 1958), in w hich  th e  m o d u la to r  tu b e  is 
tr ig g e re d  by  a  vacuum  tu b e  c ircu it, no t by  a  th y ra tro n .

3.1.4. V a rio u s  m easu rem en ts on th e  ty p e  2.Jz,\A  m agnetron  
show ed  c le a r ly  th a t  th e  minimum rise  tim e o f the  h igh -vo ltage  
pulse la id  dow n in th e  m ag n etro n  specification  ( a t  le a s t  0.08 /tsec 
m ust e lap se  b e tw e e n  20 %  and  85 %  of the  h igh -vo ltage  pu lse) 
has to  be a d h e re d  to  v e ry  a c c u ra te ly , if an  R .F . pu lse  of ac ­
cep tab le  spec trum  q u a lity  is d es ired . T he sp ec tru m  q u a lity  has 
been  specified in so fa r  as th e  side lobes in th e  spec trum  should 
n o t be m ore th a n  — 10 d b  w ith  re sp e c t to  the  m ain m aximum.

3.1.5 I f  th e  m ag n e tro n  is p re se n te d  w ith  a h igh-vo ltage  pulse
w hich has a  minimum rise  tim e and the  sh ap e  show n in Fig. 7a,
it is p ra c tic a lly  im possib le to  o b ta in  an  R .F . pu lse  w hose length

is nom inally  0.08 /*sec.
F o r  th is  rea so n  it  w as  decided  to

bu ild  up  the  h igh -vo ltage  pu lse  from
tw o  p a r ts  (see Fig. 7b), o f w hich the
p a r t  20 — 85 °/0 sa tisfies the  rise  tim e
specified an d  th e  second p a r t  is much 

M a g n e tro n  h ig h -v o ltag e  pu lse . ,, ,,
s te e p e r  .

T his techn ique has, indeed , enab led  us to  form  sh o rt R .F . 
pu lses (0.0-1 to  0.05 sec.) w hose  spectrum  q u a lity  is good.

3.1.6. D e s i g n  o f  t h e  m o d u l a t o r  
See block d iag ram , Fig. 8 .

A s Fig. 8 d e m o n s tra te s , th e  tr ig g e r  pu lse  fo r  th e  ’’h a r d ” m o­
d u la to r  consists  of 2 p a r ts , o b ta in ed  lrom  ch anne ls 1 an  d I I .  

The pulse  form ed in channel I p roduces the  in itia l slope

F ig . 7a F ig . 7b
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F ig . 8
B lock  d iag ra m  o f m o d u la to r.

(0 —■ 85 % ) of th e  h igh-vo ltage  pulse fo r  th e  m ag n e tro n  w h ils t 
ch an n e l I I  fu rn ishes th e  s teep  re m a in d e r o f th is  pu lse .

A  ta p p e d  d e lay  line is u sed  to  ensure  th a t  th e  o u tp u ts  of 
channels I a n d  I I  a re  c o rre c tly  tim ed.

3.1.7. M e a s u r e m e n t  o f  t h e  R .F . p u l s e  l e n g t h

G e n e ra lly  sp eak in g  th is  m easu rem en t m ay be e ffec ted  in 
v a rio u s w a y s , e.g.:
a . from  th e  c u rre n t pu lse  o f th e  m ag n e tro n
b. from  th e  R .F . envelope  o f th e  tra n sm ittin g  pulse
c. b y  sp e c tra l  an a ly s is  o f th e  R .F . tra n sm ittin g  pu lse , i.e. from  

th e  f irs t ’’m inim a” on e ith e r  side o f th e  m ain  m axim um .
I f  m eth o d  a is em ployed  a n d  th e  w id th  is m easu red  a t  h a lf  

th e  he ig h t, th e  re su lts  w ill u su a lly  n o t d iffer m ore th a n  10 °/0 
from  th o se  o b ta in e d  b y  m ethod  b.

In  m ethod  b h a lf  th e  sum  of th e  w id th s  m easu red  a t  10 °/0 
a n d  90 °/0 is ta k e n . T h is  g en e ra lly  a lso  eq u a ls  th e  w id th  a t  
50 %  heigh t, p ro v id ed  th e  lead in g  an d  tra ilin g  edges o f the  
tra n sm ittin g  pu lse  a re  n o t " ro u g h ” .

T he ap p lica tio n  of m ethod  c re q u ire s  an  exam in a tio n  of the  
R .F . envelope, e sp ec ia lly  fo r  a sy m m etrica l pu lses , b ecau se  th e  
re la tio n sh ip  b e tw e e n  R .F . pu lse  len g th  on th e  one h a n d  an d  
th e  d is tan ce  of th e  f irs t ’’m inim a” on b o th  sides of th e  m ain 
m axim um  on th e  o th e r  h a n d  a re  la rg e ly  d e te rm in ed  b y  th is.

In  o rd e r  to  give y o u  som e id ea  o f th e  v a r ia tio n  in th is  re -

F ig . 9
C o rre la tio n  b e tw e e n  r.f . en v elo p e  a n d  sp e c tru m  w ith  re g a rd  to  p u lse  len g th .
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la tio n sh ip  y o u  a re  re fe r re d  to  Fig. 9, th e  assu m p tio n  being  m ade 
th a t  only  am p litu d e  m o du la tion  p lay s  a  ro le .

I t  h a s  been  found  th a t  m ethod  c, p ro v id ed  due a llo w an ce  is 
m ade fo r  th e  above, gives re su lts  w h ich  a g ree  v e ry  w e ll w ith  
th o se  o f m ethods a an d  b.

3.2. Receiving Chamiel

3.2.1. G e n e r a l

In  th e  T ra n sm itte r-R e c e iv e r  th e re  is a  sim ple R .F . m ixer s tag e  
a t  th e  o u tp u t o f a  d u p lex er. T h is d u p lex e r is o f th e  sh o rt-s lo t 
h y b rid  ty p e .

B ecause  tun in g  is possib le  only  once in a b o u t 4 w eek s, the  
loca l o sc illa to r  h as  to  have  a  high s ta b ility . In  ad d itio n  to  the  
co n v en tio n a l re g u la tio n  of th e  p o w e r  supp ly , a lso  th e  filam ent 
supp ly  h as  been  s tab ilized .

T he m ixer s tag e  is m oun ted  on th e  I .F . p ream plifie r, w hose  
gain  is co n tro lled  by  a  sen s itiv ity  tim e c o n tro l (S .T .C .)  c ircu it. 
T he S .T .C . c ircu it m ay be sw itch ed  to  th re e  positions. N e x t 
com es th e  m ain am plifier, w hose  gain  is co n tro lled  e ith e r  a u to ­
m atica lly  (b y  th e  R a d a r  D a ta  M o d u la to r)  o r  m anually .

F o r  a  v isib le  in d ica tio n  o f th e  tun ing  a signal is ta k e n  from  
th e  second  d e te c to r  c ircu it in  th e  m ain  am plifier. A f te r  being 
am plified an d  rec tified  in  th e  tun ing  ind ica tio n  am plifier, th is  
s igna l is a p p lie d  to  th e  tun ing  in d ic a to r  p ro p e r , consisting  of 
a  p o in te r  ty p e  in s tru m en t.

T he m ain am plifier is fo llo w ed  b y  th e  v ideo  am plifier and  
o u tp u t am plifiers.

3.2.2. S p e c i f i c a t i o n s

In te rm e d ia te  freq u en cy : 60 M c /s
I .F . b a n d w id th  : 22.5 M c /s  b e tw e e n  — 3 d b  po in ts
V id eo  b a n d w ith  : 18 M c/s  b e tw e e n  -  3 d b  p o in ts
M in . ra n g e  : — 25 m

3.3. The Synchronizing U nit

T h e  synchron iz ing  u n it o f th e  r a d a r  eq u ip m en t d e liv e rs  a  
n u m b er of p u lses a t  vario u s o u tp u ts .
T hese  p u lses  a r e :
1. R - 0  c a lib ra tio n  pulses.

W h e n e v e r  th e  a n te n n a  h as  tu rn e d  th ro u g h  an  in te g ra l m ul­
tip le  of 5 d eg rees  in  re la tio n  to  N o r th , a  sequence of pulses
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is fed  ou t. E ach  of th e se  pu lse  p rog ram m es s ta r ts  w ith  a  
pu lse  coinciding w ith  th e  m om ent a t  w hich  th e  r a d a r  re c e iv e r 
p icks up  th e  echo from  0 ra n g e ; th e  second  pu lse  a p p e a rs  
a t  a  tim e co rresp o n d in g  to a  ra n g e  of 1 km, n e x t come pulses 
a t  ra n g e s  of 2, 3, 4, 6, 8 , 12 an d  16 km.
E v e ry  pu lse  la s ts  0.5 fxsec.
T hese  p u lses m ay be m ixed in to  th e  video signal to  w hich  
th e  d isp la y  u n its  re sp o n d . T hey  p ro d u ce  on th e  sc reen  sh o rt 
r a d ia l  lines (th e  R -0  c a lib ra tio n  m a rk e rs )  w hose  form  c lea rly  
d istin g u ish es  them  from  r a d a r  echoes. T hey  a re  used  fo r  th e  
c a lib ra tio n  of th e  ran g e  a n d  b e a rin g  m easu ring  a id s  o f the  
d isp la y  un its .
T he pu lse  p rog ram m e fo r  th e  N o r th  d irec tio n  d iffers  sligh tly  
in p re se n ta tio n  b ecau se  a d d itio n a l pu lses h av e  been  in se r te d  
a t  o th e r  r a d ia l  d is tan ces , in  th is  w a y  th e y  a re  e a sy  to  
recognise .
T he R -0  c a lib ra tio n  pu lses a re  tra n sm itte d  a long  w ith  the  
r a d a r  signals from  th e  R a d a r  S ta tio n  to  th e  O p e ra tio n a l 
C e n tre  w h e re  th e  M a in  D isp la y  U n its  a re  in s ta lled .
T he pulse p rog ram m e h as  been  se lec ted  in  such a  m an n er 
th a t  in each  o f th e  ra n g e  se ttin g s  se lec ted  an  a d e q u a te  
n u m b er of p u lses is av a ila b le  w ith o u t th e  r isk  of crow ding . 
I f  th e  p u lses should  re c u r  a t  e v e ry  k ilo m etre  from  0 to  16 
km , th e re  w ou ld  be to o  m any  of them  in th e  16 km  ran g e  
se ttin g .

2. R an g e  c a lib ra tio n  pu lses
T hese  a re  m ean t to  tra c e  ran g e  c a lib ra tio n  rings on the  
A u x ilia ry  D isp la y  U n its  o f th e  R a d a r  S ta tio n .
P u lse  tra in s  fo r  rin g s a t  0.5, 1 an d  2-km in te rv a ls  a re  d e ­
liv e red  a t  th re e  d iffe ren t o u tp u ts .

3. A  pu lse  w ith  a  p .r.f. o f 2341.2 p .p .s ., 1 ^isec b e fo re  0 ran g e , 
w hich  is u sed  to  tr ig g e r  the  r a d a r  t r a n s m itte r  an d  th e  
sen sitiv ity -tim e  co n tro l c ircu it o f th e  r a d a r  rece iv er.

4. A  pu lse  w ith  a  p .r.f. o f 2341.2 p .p .s., a b o u t 4 /usee b e fo re  
0 ran g e , w hich  is u sed  to  cond ition  th e  t r a n s m itte r  fo r  the  
trig g e rin g  ac tion .

5. A  pu lse  w ith  a  p .r .f . o f 2341.2 p .p .s., 1 f isec b e fo re  0 ran g e  
to  tr ig g e r  th e  tim eb ase  o f th e  A u x ilia ry  D isp la y  U n it.

6 . A  pu lse  w ith  a  p .r.f. o f 2341.2 p .p .s ., 7.7  fxsec b e fo re  O ran g e  
to  tr ig g e r  th e  tim eb ase  o f th e  M a in  D isp la y  U n it, w h ich  m ay  
h a p p e n  a f te r  tran sm iss io n  from  th e  R a d a r  S ta tio n  to  the  
O p e ra tio n a l  C e n tre .
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7. A  pu lse  w ith  a  p .r.f. o f 2341.2 p .p .s . a t  a b o u t 110 fisec  a f te r  
0 ran g e  (17 km) in ten d ed  to  su p p re ss  r a d a r  signals b ey o n d  
16 km  in th e  p ic tu re  tran sm iss io n  chain  so as to  c le a r  th is  
channel fo r  a b o u t 300 ^ sec  fo r  th e  tran sm iss io n  of th e  a n ­
te n n a  sh a f t  code.

8 . A  pu lse  w ith  a  p .r.f. o f 2341.2 p .p .s. a t  a b o u t 200 /usee (30 
km ) a f te r  0 ra n g e  to  in itia te  th e  sh a f t code in th e  p ic tu re  
tran sm issio n  system .

Incom ing signals.
F o r  its  o p e ra tio n  th e  synchron iz ing  u n it h a s  to  be supp lied  

w ith  th e  fo llow ing  s ig n a ls :
1. N o r th  p u lses se t up by  a pulse g e n e ra to r  in th e  a n te n n a . 

W h e n e v e r  th e  a n te n n a  p asse s  th ro u g h  th e  p o in t in w hich  
i t  is o rie n te d  to w a rd s  N o r th  th is  g e n e ra to r  p ro d u ces  a  pulse 
hav ing  a  d u ra tio n  o f a b o u t 5 m sec.

2 . 0  c a lib ra tio n  pu lses , a lso  s e t  up  b y  a  pu lse  g e n e ra to r  in the  
an te n n a . W h e n e v e r  th e  a n te n n a  p asse s  th ro u g h  a  positio n  
w hich  is rem oved  from  N o r th  b y  an  in te g ra l m ultip le  o f 5°, th is  
g e n e ra to r  p ro d u ces  a  pu lse  hav ing  a  d u ra tio n  of a b o u t 5 m sec.

T he o p e ra tio n  of th e  synchronizing  u n it w ill now  be  exp la ined  
by  re fe ren ce  to  th e  b lock  d iag ram  o f Fig. 10.

T he source  of a ll th e  p u lses  is a c ry s ta l-c o n tro lle d  o sc illa to r  
w hich  o p e ra te s  a t  a  freq u en cy  of 299.67 k c /s ; th is  m eans th a t  
a  single cycle  of th is  signal ta k e s  up a  tim e co rresp o n d in g  to  
a  r a d a r  echo ra n g e  of 500 m.

F ig . 10
B lo ck  d iag ra m  o f  sy n c h ro n iz in g  un it.
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A blocking  o sc illa to r  co n v e rts  th e  s in u so id a l o u tp u t o f the  
c ry s ta l-c o n tro lle d  o sc illa to r  in to  a  t r a in  o f pu lses hav ing  a  pulse 
re p e titio n  freq u en cy  o f 299670 p .p .s. (128 x the r a d a r  p .r.f.).

T h is pu lse  tra in  is fed  to  a  b is ta b le  flip-flop. T he successive 
p u lses  a l te rn a te ly  b rin g  it  in to  its  tw o  s ta b le  s ta te s , so th a t  
its  o u tp u t gives 149,840 p u lses p e r  second. T h ese  p u lses in tu rn  
o p e ra te  a  su b seq u en t flip-flop, in w hich  th e  freq u en cy  is h a lv ed  
again , giving 74,920 p.p.s.

In  th is  w a y  each  o f the  fo llow ing  flip-flops halves th e  freq u en cy  
so th a t  in th e  end  a  freq u en cy  of 2341.2 p .p .s. is o b ta in ed . 
E a c h  flip-flop has tw o  o u tp u ts , a an d  b, w h ich  c a r ry  v o ltage  
a l te rn a te ly . T he v o ltag es  change th e  m om ent th e  flip-flop en te rs  
in to  th e  o th e r  s ta te .

T he v o ltag es  a t  o u tp u ts  a of th e  v a rio u s  flip-flops a re  show n 
in Fig. 11. T hose o f o u tp u ts  b have  the  sam e shape b u t th e y  
a re  p ositive  as  long as th o se  o f a  a re  n eg a tiv e , an d  vice v e rsa . 
T he ran g e  c a lib ra tio n  pulses fo r  th e  0.5 km ran g e  rings on th e  
A u x ilia ry  D isp la y  U n it a re  ta k e n  from  th e  300 k c /s  blocking 
o sc illa to r  a n d  b ro u g h t ou t v ia  an  am plifier.

T he ran g e  c a lib ra tio n  p u lses fo r  th e  1 km  ran g e  rings a re  
se lec ted  from  th e  a v a ila b le  0.5 km  pu lses b y  m eans o f a  g a te  
c o n tro lle d  b y  th e  150 kc/s  flip-flop.

T he ran g e  c a lib ra tio n  p u lses fo r  th e  2 km ran g e  rings a re  lik e ­
w ise  se lec ted  from  the  0.5 km  pu lses by  m eans o f a  g a te , b u t  th is 
is co n tro lled  jo in tly  by  th e  150 k c /s  a n d  75 k c /s  flip-flops.

T he t r a in  o f 1 km ran g e  p u lses is used  as a  source fo r  a ll 
rem ain ing  pulses.

T he pulse  trig g e rin g  th e  r a d a r  t r a n s m itte r  (1 fxsec. b e fo re  zero  
ran g e), fo r  exam ple, is o b ta in e d  b y  m eans of a  g a te  co n tro lled  
b y  flip-flops 2, 3, 4, 5, 6 an d  7 in such a  m an n e r th a t  one of 
th e  c o n tro l w ires  of th e  g a te  is co nnec ted  to  th e  « -o u tp u t of 
flip-flop 2 w h e re a s  th e  5 o th e r  c o n tro l w ire s  a re  connected  to  
th e  7 -o u tp u ts  of th e  o th e r  flip-flops m entioned.

T he g a te  h av e  been  designed  to  give free  p a ssag e  to  a  pulse 
o n ly  w h en  a ll its  c o n tro l w ire s  (in p u ts) a re  p o sitive . I t  w ill 
now  be c le a r  th a t  only  th e  pu lse  show n in Fig. 1 1 - /w ill m ake 
its  w a y  th ro u g h  th e  g a te  during  th e  a p p ro p r ia te  p e rio d  o f flip- 
flop 7. T his pulse is u sed  to  tr ig g e r  th e  tra n sm itte r .

T h ere  is som e d e lay  in th e  trig g erin g . D e la y s  a re  fu r th e r  
in ev itab le  in  th e  w avegu ide  ru n  o f th e  r a d a r  tra n sm itte r - re c e iv e r  
a n d  in the  rece iver.

A s a  re su lt  th e  echo of an  o b jec t p laced  a t  zero  ran g e , th a t
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F ig . 11
W a v e fo rm s  in sy n c h ro n iz in g  u n it

a. o u tp u t v o ltag e  fro m  b lo ck in g  osc. 2 9 9 .6 7  k c /s
b . flip-flop  1 o u tp u t  a
c. g a te s  1 a n d  2
d. flip-flop 2 o u tp u t  a

e. flip -flop  3  o u tp u t a
f. flip-flop  A o u tp u t a

6- flip-flop  5 o u tp u t  a
h. flip-flop  6 o u tp u t a

i. flip-flop  7  o u tp u t  a

j- g a te  3

k. g a te  4
1. g a te  5
m. g a te  8
n. g a te  9
o. g a te  10

P- g a te  11

q- g a te  12
r. g a te  6
s. g a te  7

is im m ed ia te ly  in f ro n t o f th e  a n te n n a , w ill a r r iv e  a b o u t 1 //sec 
a f te r  th e  m om ent a t  w hich  pulse  1 is re le a se d .

A ll o th e r  pu lses, w hich  a re  u sed  to  c a lib ra te  ran g e , h av e  to  
be  c o rre c te d  in th is  re sp e c t b y  m eans o f d e lay  circu its.

T he s ta te  o f a ffa irs  fo r  th e  o th e r  o u tp u t pu lses of th e  sy n ­
chronizing u n it is th e  sam e as fo r  th e  0 km p u lses  an d  can  be 
d ed u ced  read ily  from  th e  illu s tra tio n s .

T he synch ron iz ing  u n it uses tra n s is to rs  th ro u g h o u t.
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4. T he d isp lay units
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4.1. General

The r a d a r  tra n s m itte r - re c e iv e r  an d  the  a n te n n a  p ro d u ce  a  
n um ber of signals  fo r  use in the  d isp lay  un its, n o ta b ly :
1. Synchronizing pulses

T hese a re  pulses w hich b e a r  a fixed tim e re la tio n sh ip  to  the  
p o w e r pu lses of the  r a d a r  tra n sm itte r .

2. Echo pulses  re tu rn e d  by  ships, b u o y s and  o th e r  ob jects.
3. Antenna rotational data

Ih e se  a re  signals from  w hich  th e  in s ta n ta n e o u s  position  of 
the  revo lv ing  a n te n n a  can  be de te rm in ed .

4. C alibrating signals  fo r  a c c u ra te  c a lib ra tio n  of ran g e  an d  
b ea rin g  on th e  d isp la y  un its .

T he fo llow ing  equ ipm ents a re  used  to  co n v e rt th e se  signals 
in to  a  usefu l p ic tu re :
1. an  A ux ilia ry  D isp la y  U n it.
2. a  M ain  D isp la y  U n it.

T he A ux ilia ry  D is p la y  U n its  a re  in s ta lled  in the  v a rio u s  R a d a r  
S ta tio n s  an d  se rv e  chiefly as m eans fo r  checking th e  perfo rm an ce  
of th e  r a d a r  tra n sm itte r-re c e iv e rs .

T he M a in  D isp la y  U n its  an d  a sso c ia te d  equ ipm en t a re  e rec ted  
in th e  th re e  o p e ra tio n a l cen tre s , n o tab ly  th o se  of B ru n sb iitte l-  
koog an d  C u x h av en  fo r  th e  E lb e  w a te rw a y  an d  th a t  of B rem er- 
haven  fo r  th e  W T se r.

The fo llow ing  p a ra g ra p h s  w ill give a few  p a r tic u la rs  a b o u t 
th ese  equ ipm ents.

4.2. The A u x ilia ry  D isplay U nit (A .D .U .)

As s ta te d  above , an  A .D .U . is in ten d ed  m ain l3r fo r  p e rfo rm ­
ance checks on the  r a d a r  tra n sm itte r-re c e iv e rs .

T hey  can  p e rfo rm  the  ta s k  of th e  M a in  D isp la y  U n its , if d e s ­
ired , a lth o u g h  th e ir  a ccu racy  satisfies less exac tin g  s ta n d a rd s .

A s f a r  as  th e  req u irem en ts  th e y  have  to  m eet a re  concerned, 
th e y  a re  v e ry  co n v en tiona l P P 1  d isp lay s  using 12-inch C R T s .

The req u irem en ts  se t b y  th e  u se r  w e re  as fo llow s:
1. T he  ran g e  scale m ust be sw itch ab le  to  th re e  d iffe ren t 

se ttin g s , to  w it 3 km p e r  p ic tu re  ra d iu s , 6 km p e r  p ic tu re  
rad iu s  an d  12 km p e r  p ic tu re  ra d iu s  (a lte rn a tiv e s  a re  4, 8 
an d  16 km).
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2. F ac ilitie s  w e re  to  be in c o rp o ra te d  fo r o ff-cen tring  the  r a d a r  
p ic tu re  up to  8/4 of the rad iu s .

3. E choes from  ob jec ts  sp aced  15 m etres ra d ia lly  should  be 
d is tin g u ish ab le  as s e p a ra te  echoes a t  the  s h o r te s t  range.

4. In  a d d itio n  to  th e  r a d a r  p ic tu re  th e re  should  be the  fac ility  
of d isp lay in g  concen tric  range  ca lib ra tio n  rings a t  in te rv a ls  
eq u iv a len t to  0.5 km  a t  the  3 km range  scale, 1 km a t  the  
6 km ran g e  scale  an d  2 km a t  the  12 km scale.

5. W h e re  n e c e ssa ry  it shou ld  be possib le  to  adm ix a  video 
map in to  the  p ic tu re .

F o r  a check on the  synchron izing  system  ol the  r a d a r  t r a n s ­
m itte r-re c e iv e r it m ust be possib le  to  d isp la y  also  the  R-@  
c a lib ra tio n  pulses. T hese a re  a rtific ia l echo signals of a c c u ra te ly  
know n b ea rin g  and  ran g e , dev ised  fo r c a lib ra tin g  the  m easuring  
a id s on the  M a in  D isp la y  U n it (see th e  S ynchronizing  U nit).

B esides, b ea rin g  lines can be m ade visible.
T he r a d a r  p ic tu re  is tra c e d  in the  m ost co n v en tiona l m anner, 

viz. b3’ a  deflection  coil revo lv ing  round  the  neck of th e  C R T .  
I ts  ro ta tio n  is in synch ron ism  w ith  the  rev o lu tio n s  of th e  a n ­
ten n a , in th is  case 20 rev. p e r  m inute. The in s ta n ta n e o u s  position

Fig. 12
The Auxiliary D isplay  Unit.
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of th e  deflection  coil d e te rm in es  the  in s ta n ta n e o u s  d irec tio n  of 
deflection. C o n seq u en tly  the  p ic tu re  is w ritte n  b y  m eans of 
ra d ia l  sw eeps.

The cycle of a  com plete sw eep  consists  of: 
a  s t a r t  from  the  re s t  cond ition  (p ic tu re  cen tre , corresponding ' 
w ith  th e  geograph ica l position  of th e  r a d a r  an ten n a ), 
second ly  a ra d ia l deflection  w hich  is lin ea r  w ith  tim e and  is 
in te n s ity  m od u la ted  by  th e  r a d a r  echoes, 
th ird ly  the  flyback  to  the  r e s t  position , and
fo u rth ly  th e  in te rsc a n  tim e la s tin g  up to  the  n ex t tr ig g e r  pu lse .

T he line freq u en c3r is 2341.2 lines/sec. in th e  case u n d e r con­
s id e ra tio n  (pulse rep e tio n  freq u en cy  of the  r a d a r ) .

T he p ic tu re  freq u en cy  is de te rm in ed  by  th e  num ber fof r e ­
vo lu tions of th e  a n ten n a , i.e. 20 p ic tu re s  p e r  m inute.

The electronic circuits o f  the A .D .U .

T he e lec tron ic  c ircu itry  o f th e  A u x ilia ry  D isp la y  U n it m ay be 
subd iv ided  in to  the  fo llow ing  fu n c tiona l u n its:
1. T he C R T  U n it.

T his com prises a  c a th o d e -ra y  tu b e  w ith  ro ta tin g  deflection  
coil, focus coil an d  off-centre coils. F u r th e r  it  includes the  
deflection  coil d rive  m echanism  w ith  400 c/s servo  m o to r and  
400 c/s synchro  co n tro l tra n sfo rm e r.

2. T he S ervo  A m plifier.
T h is is d riv en  b y  th e  e r ro r  v o ltag e  fo rm ed  by  th e  s3rnchro  
co n tro l tra n s fo rm e r.
T he o u tp u t v o ltag e  of th is  am plifier d riv es  the  se rv o  m o to r 
a t  such a speed  an d  in such a sense th a t  the  a n g u la r  in fo rm ­
a tio n  w hich the  co n tro l tra n s fo rm e r  rece ives from  the  a n te n n a  
sh a f t  is c lo s e d  fo llo w ed  b3" th e  deflection  coil w ith  an  a c ­
cu racy  of less th a n  0 .1°.

3. T he T im ebase  G e n e ra to r , w hich feeds c u rre n t th ro u g h  the 
deflection  coil.

4. The V id eo  A m plifier, b3T w hich th e  video signals from  the 
r a d a r  a re  am plified, lim ited  an d  fed  to  the  C R T .

5. T he E .H .T . U n it, w hich g e n e ra te s  the  ac c e le ra tin g  v o ltage  
fo r  th e  C R T .

6 . T he B rig h tn ess  C o n tro l U n it.
This su p p re sse s  th e  e lec tro n  beam  in the  C R T  in th e  tim e 
b e tw een  tw o  p ic tu re  sw eep s and  p ro te c ts  th e  lum inescen t 
co a ting  of th e  screen  a g a in s t burn ing  in the  ev en t of fa u lts  
in the  tim eb ase  g e n e ra to r  an d  o th e r  circu its.
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7. T he C o n tro l P a n e l w ith  its  v a rious co n tro ls .
T he p o w e r supp ly  v o ltag es  re q u ire d  fo r  a ll th e se  c ircu its  a re  

fu rn ish ed  by a  s e p a ra te  p o w er supp ly  un it.

Fig. 13
The M ain  D isplay  Unit.
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W ith  th e  excep tion  of th e  video o u tp u t tu b e  th e  d isp lay  un it 
uses tr a n s is to r s  th ro u g h o u t.

-1.3. The M ain D isplay U nit (M .D .U .)

T he u ltim a te  o b jec t of th e  com prehensive equ ipm en t se t-up  is 
to  p re se n t the  v a rious p ic tu res  on the  M a in  D isp lay  U n its , an d

Fig. 14
The M ain  D isplay  Unit, inside.
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all good and  b ad  c h a ra c te r is tic s  o f the  equ ipm ent rev ea l th em ­
selves in th e  q u a lity  of th e se  p ic tu res .

The p ic tu re s  a re  used  by  o p e ra to rs  w ho m ain ta in  rad io -te le - 
phonic c o n ta c t w ith  sh ip s’ p ilo ts  and  su p p ly  them  w ith  in fo rm ­
a tio n  on th e ir  position  in th e  fa irw a y  and  on the  g en e ra l traffic 
s itu a tio n  in th e ir  v icinity .

The u se r  h as  posed  c e r ta in  req u irem en ts  fo r  w h a t h as  to  be 
visible on the  p ic tu re  tube .
T his includes:
1. A pan o ram ic  (p lan -position ) p ic tu re  of the  a r e a  covered  by 

the  p e r tin e n t R a d a r  S ta tio n , w ith  ran g e  sca les of 3, 6 and  
12 km p e r  ra d iu s  (a lte rn a tiv e ly  4, 8 an d  16 km ) an d  a 
ra d ia l  re so lu tio n  of a t  le a s t  13 m a t  the  s h o r te s t  ran g e .

2. W h e re  n e c e ssa ry  a  v ideo m ap.
3. F ive s tra ig h t lines of v a ria b le  leng th , o rig in  an d  d irec tion .
4. A s ix th  s tra ig h t line (cu rso r) fo r  m easu rin g  p u rp o ses , w ith  

a  ran g e  m a rk e r  m oving a long  it.
3. C a lib ra tio n  rings as on the  A u x ilia ry  D isp lay  U n its .

T he com plete  p ic tu re  m ust be cap ab le  of being b ro u g h t ou t 
o f cen tre  up to  s/4 of th e  ra d iu s  w ith o u t m u tu a l d isp lacem en t 
of the  e lem ents com posing the  p ic tu re . T he p ic tu re  d ia m e te r  is 
a b o u t 36 cm (14 in.). Fig. 15 sh ow s such a  p ic tu re . T h e re  is 
a lw a y s  a  r a d a r  p ic tu re , b u t th is  m ay be su p p lem en ted  b y  a  video 
m ap. The m eaning  of a  video m ap can  be exp la ined  as fo llow s: 

L e t us exem plify  a  R a d a r  S ta tio n  on to p  of a ligh thouse: 
m ost of w h a t the  r a d a r  p ic tu re  of such a  s ta tio n  show s co nsists  
o f sh ips and  buoys. T he buoys in d ica te  the  position  o f th e  f a i r ­
w ay . I t  is obvious th a t  one w ould  like to  see th e se  buoys p e r ­
m an en tly  on th e  d isp la y  screen .
N o w  it h ap p en s  th a t  b u o y s becom e invisib le to  th e  r a d a r ,  viz. 
w hen  th ey  a re  covered  w ith  ice in w in te r  o r  w hen  th e y  a re  
rem oved.

T he fa irw a y  is th en  o b scu red  on th e  r a d a r  screen . In  o rd e r  
to  m ake buo3rs visible in sp ite  of th is  a video m ap is in jected  
in to  th e  p ic tu re .

A video m apping  unit m ay be re g a rd e d  as  a  dum m y ra d a r . 
I t  p roduces signals ex ac tly  like r a d a r  echoes, ex cep t lo r  the 
fa c t th a t  th ese  a re  o b ta in e d  b3- scann ing  a  m ap of th e  env ironm en t 
in s te a d  of th e  env iro n m en t itse lf. T he r a d a r  an d  video m ap signals 
can  be d isp la3red on one d isp la3r un it p ro v id ed  th e  r a d a r  equ ipm ent 
an d  th e  video m apping u n it a re  p ro p e rly  s3'nch ron ized  w ith  each 
o th e r.



T he Elbe-W eser shore-based radar system 83

F ig . 15
P ic tu re  on th e  sc reen  o f  the  M a in  D isp la y  U n it.

If  a  bu o y  is show n in the  c o rre c t p lace on the  m ap as a  do t, 
an  echo w ill a p p e a r  in th is  positio n  on the  r a d a r  screen , even 
w hen  th e  a c tu a l b u o y  is subm erged . T he r a d a r ,  in fac t, is r e ­
q u ired  only  to  give echoes of m oving ob jec ts  such as  ships. 
O b je c ts  w hose  po sitio n s a re  fixed m ay be d ra w n  on th e  m ap 
so th a t  th e y  w ill be v isib le  on th e  screen  a t  a ll tim e. T hus the  
com plete fa irw a ji can  be d e lin ea ted .

T h ere  a re  4 c o n tro l k n obs fo r  each  of th e  5 s tr a ig h t  lines 
m entioned  in p a ra . 3. T hey  p e rm it th e  line to  be po sitio n ed  
an y w h ere  in th e  p ic tu re . T he lines m ay, fo r  exam ple, be  jo ined  
to g e th e r  to  form  a  b ro k e n  line m ark ing  ou t a  p a r t ic u la r  ro u te , 
such as the  cen tre  o f th e  fa irw a y .

The origin o f th e  c u rso r m en tioned  in p a ra . 4 is c lea rly  m ark ed  
b y  a  sm all circle. T w o knobs p e rm it th is  orig in  to  be sh ifted
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to  an y  p o in t on th e  screen , the  cu rso r re ta in in g  the  o r ien ta tio n  
it o rig inally  had . A  th ird  co n tro l is u sed  to  ro ta te  th e  cu rso r 
a ro u n d  its  origin. T his co n tro l is coupled  w ith  a d ia l, w hich 
perm its  the  b ea rin g  position  of th e  c u rso r to  be re a d  off in 
f ra c tio n s  of a  degree .

A fo u rth  con tro l is p ro v id ed  fo r  d isp lac in g  a  c irc u la r  m a rk e r  
a long  the  cu rso r. T his con tro l is a lso  coupled  w ith  a g ra d u a te d  
scale  ind ica ting  the  d is tan ce  in m e tre s  b e tw een  th e  sp o t w h ere  
the  c irc u la r  m a rk e r  is lo ca ted  an d  th e  p lace  in d ica ted  b y  the  
origin of th e  cu rso r.

L a s t of a ll the  u se r  re q u ire s  c a lib ra tio n  rings th a t  a re  ful lv 
id en tica l to  tho se  of the  A u x ilia ry  D isp la y  U n it. T hese  m ay  be 
used  fo r quick ran g e  estim a tio n  w hen  no high acc u ra cy  is n e ­
ce ssa ry .

So much a b o u t th e  u se r’s req u irem en ts .
A p ic tu re  of th is  ty p e , h o w ev er, p ro v id es  insufficient facilities 

fo r checking w h e th e r :
1. the  video m ap re g is te rs  a c c u ra te ly  w ith  the  r a d a r  p ic tu re ;
2. the d ia l read in g s  ot range  and  b ea rin g  a re  a c c u ra te  enough.

The p erm issib le  e r ro rs  a re  v e ry  sm all. T hus, fo r  exam ple, the
b ea rin g  ind ica tion  should  no t d ev ia te  m ore th a n  0 .4° from  the 
ac tu a l s itu a tio n , w h ils t the  m axim um  adm issib le  ran g e  m easu ring  
e r ro r  is 20 m etres  +  |  °/o o f the to ta l  ran g e  se tting .

T his e r ro r  is no t m uch la rg e r  th a n  th e  sp o t d ia m e te r  on the 
p ic tu re  tube .
F o r  a c c u ra te  a lignm en t of such a system  a fa ir l3T large  num ber 
of p o ten tio m e te rs  have  to  be a d ju s te d , an d  th is  ca lls  fo r  r e fe r ­
ence signals w hose  accu racy  is one c lass b e t te r  th a n  th a t  of 
the  a c tu a l m easu rem en ts. T hese  re fe ren ce  signals a re  g e n e ra te d  
in the  synchronizing  un it of th e  r a d a r  equipm ent.

They co n sis t o f a la rg e  n u m b er of a rtif ic ia l echoes, called  the  
R -Q  c a lib ra tio n  pulses.

T hey  can be m ixed in to  the  r a d a r  p ic tu re  signals so th a t  th ey  
a p p e a r  on the  screen.

T he b ea rin g  and  ran g e  of th e se  signals a re  defined w ith in  
close lim its, the  b ea rin g  ang le  w ith in  ab o u t 0.1 deg ree  an d  the  
ran g e  wi t hi n a b o u t 5 m etres.

The N o r th  d irec tio n  req u ire s  a d d itio n a l p u lses to  be d is tin ­
guished from  o th e r  a n g u la r  positions.

T he R-Q  c a lib ra tio n  p u lses a re  used  n o t only fo r  lining up 
th e  c u rso r an d  th e  video m apping  un it b u t a lso  to  determ ine  
the  position  of th e  c u rso r  w ith  in c rea sed  accu racy . T hus it is
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possib le  to  in tro d u ce  co rrec tio n s  in to  a  m easu rem en t b y  tu rn in g  
th e  c u rso r  on to  th e  n e a re s t  R - 0  c a lib ra tio n  m a rk e r  an d  checking 
up on th e  d ifference b e tw e e n  th e  d ia l read in g  of th e  c u rso r  an d  
th e  tru e  angle in d ica ted  b y  th e  R - 0  m a rk e r .

The p icture scanning system  o f  the M .D .U .

T he r a d a r  p ic tu re  frequency , a s  s ta te d  in  th e  p a ra g ra p h  
"A u x ilia ry  D isp la y  U n it” , is 20 im ages p e r  m inute.

Such a  p ic tu re  freq u en cy  is o n ly  accep tab le  fo r  m otion less o r  
s lo w ly  m oving p ic tu re s  like th e  r a d a r  im age, th e  v ideo  m ap, the  
ran g e  c a lib ra tio n  rings an d  th e  R - 0  c a lib ra tio n  m a rk e rs . I t  is 
f a r  to o  s lo w  fo r  tra c in g  an  e lec tro n ic  cu rso r, fo r  it  w o u ld  ta k e  
to o  m uch tim e to  a d ju s t th e  m a rk e r  a c c u ra te ly  on a  ta rg e t.

T he c u rso r re q u ire s  a  m uch h ig h er p ic tu re  frequency . T his is 
o b ta in ed  b y  tra c in g  th e  p ic tu re  in th e  m an n e r i l lu s tra te d  in
Fig. 16.

T he lum inous sp o t m oves as fo llow s on th e  p ic tu re  tu b e : 
Sync, pu lse  I — ra d ia l  p ic tu re  sw eep  I — m ovem ent to  origin of 
c u rso r  ( 1, su p p re ssed ) —• cu rso r (2 , v isib le) — flyback  to  th e  r a d a r  
p ic tu re  cen tre  C  (3) — sync, pu lse  I I  — r a d a r  p ic tu re  sw eep  I I  
(d isp laced  a  fra c tio n  of a  deg ree  re la tiv e  to  p ic tu re  sw eep  I ow ing

F ig . 16
T ra c e  o f  th e  sp o t on  th e  sc reen  o f th e  M a in  D isp la y  U n it
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to  a n te n n a  ro ta tio n )  — m ovem ent to  positio n  of ran g e  m a rk e r  R  
on th e  c u rso r (4) — tra c in g  of th is  m a rk e r  (a  tin y  circle) — re tu rn  
to  r a d a r  p ic tu re  cen tre  (5) — sync, pu lse  I I I  — r a d a r  p ic tu re  
sw eep  I I I  — m ovem ent to  orig in  of c u rso r  (6) — tra c in g  of th is  
o rig in  B  (a lso  a  sm all c irc le) — re tu rn  to  r a d a r  p ic tu re  c e n tre  (7), 
e tc .

T he a n g u la r  d isp lacem en t b e tw e e n  successive r a d a r  sw eep s 
is, o f course, m uch less in re a l i ty  th a n  Fig. 16 show s.

T his p a t te r n  m ight be r e p e a te d  a f te r  th e  4 th , 7 th , 10th , etc. 
r a d a r  line sw eep s; th e  scanning  freq u en cy  fo r  th e  c u rso r an d  
ra n g e  m a rk e r  w o u ld  th en  be o n e-th ird  of th e  r a d a r  line frequency ,
i.e. 780 sw eep s  p e r  second a t  a  pu lse  re p e titio n  fre q u e n c y  of 
2340 p .p .s.

A c tu a lly , h o w ev er, th e  in te rv a ls  b e tw e e n  th e  r a d a r  line sw eeps 
a re  u sed  a lso  to  w rite  th e  5 v a r ia b le  lines, giving 8 tra c e s  in 
a ll, w h ils t th e  fac ility  fo r  a  9 th  figure is re se rv e d , too .

E a c h  of th e se  figures is w r it te n  in th e  in te r-sc a n  tim e, i.e. 
b e tw een  2 r a d a r  line sw eep s; th is  gives fo r  each  figure a  f re ­
quency  of 260 p e r  second. T h is is m uch h ig h er th a n  n ec e ssa ry  
a n d  since th e re  a re  o th e r  co n sid e ra tio n s  ad v o ca tin g  a  red u c tio n  
of th is  freq u en cy , a  figure is t r a c e d  o n ly  a f te r  e v e ry  8 r a d a r  
line sw eeps. T h is gives 32,5 im ages p e r  second, w hich  is sufficient 
to  give th e  hum an  eye  th e  im pression  of a  co n tinuously  p e rs is te n t 
p ic tu re .

T his in te r-scan  w ritin g  m ethod , h o w ev er, c an n o t be u sed  w ith  
ro ta tin g  deflection  coils. T he ra p id  change o f d irec tio n  o f th e  
sw eep s of th e  lum inous sp o t d em an d s th a t  th e  deflection  coil 
p erfo rm s an  a n g u la r  d isp lacem en t of an y  d e s ire d  m agn itude  
w ith in  a  few  h u n d re d th s  of a  m illisecond, w hich  is f a r  bey o n d  
th e  ca p a b ilitie s  o f a n y  m echan ical device.

H  ence w e m ake use of fixed deflection  coils.
A s in te lev is io n  se ts  such a  system  co n sis ts  of 2 coils, w hose  

fields a re  p e rp e n d ic u la r  to  each  o th e r. T he d irec tio n  in to  w hich 
th e  lum inous sp o t is deflected  now  d ep en d s on th e  ra t io  b e tw e e n  
th e  c u rre n ts  th ro u g h  th e  tw o  coils, a n d  th e  d is tan ce  th e  sp o t 
is deflec ted  from  th e  c e n tre  dep en d s on th e  sum o f th e  sq u a re s  
of th e se  c u rre n ts .

F o r  an y  d isp lacem en t o f th e  lum inous sp o t th is  deflection  has 
to  be re so lv ed  in to  a  sine a n d  a  cosine com ponent, a n d  the  
c u rre n ts  c a lc u la ted  from  th is  shou ld  be fed  th ro u g h  th e  deflection  
coils. T he c ircu its  o f th e  tw o  d irec tio n s  of deflection  (X  an d  Y )  
a re  fu lly  iden tica l.
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Xm- ♦ Im

D eflec tio n  c u r re n t  in  th e  jr-coil o f  th e  M a in  D isp la y  U n it.

L e t us now  p lo t a  cu rren t- tim e  g rap h  o f th e  c u rre n t th ro u g h  
one o f th e  coils, say  th e  coil fo r  deflection  in th e  Y  d irec tio n
(F ig . 17).

C u r re n t  I„, in th is  figure co rresp o n d s to  fu ll-rad iu s  deflection 
a long  th e  Y -ax is (ho rizo n ta l). W^e can  in fe r from  th e  figure th a t  
th e  cen tre  of th e  r a d a r  p ic tu re  is d isp laced  from  th e  cen tre  of 
th e  p ic tu re  tu b e , a n d  in  such a  m an n er th a t  th e  p ro jec tio n  of 
th e  r a d a r  p ic tu re  c e n tre  on th e  .Y-axis is rem oved  from  the 
cen tre  to w a rd s  th e  le f t  b y  h a lf  the  p ic tu re  rad iu s . See Fig. 16.

T he p ro jec tio n  of th e  orig in  of th e  c u rso r is lo c a te d  to w a rd s  
th e  r ig h t o f the  orig in  b y  h a lf  a  p ic tu re  ra d iu s , th e  p ro jec tio n  
of th e  ran g e  m a rk e r  is ag a in  a b o u t h a lf  a  p ic tu re  ra d iu s  to  the  
le f t  o f th e  origin.

T he b lo ck  d iag ram  of Fig. 18 gives some im pression  of th e  
e lec tro n ic  c irc u itry  re q u ire d  to  concre tize  the scann ing  sy stem  
d esc rib ed  above. O n ly  th e  c ircu its  fo r  th e  Y -com ponen t of the  
deflection  a re  show n. A  n um ber of th e  c ircu its  a re , co n seq u en tly , 
d u p lica ted  in th e  d isp lay  u n it fo r  th e  F -com ponen t.

T he c u rre n t fo r  th e  Y -deflection  coil is fu rn ish ed  b y  a  d e ­
flection c u rre n t am plifier (1), w hose  o u tp u t is ex ac tly  p ro p o rtio n a l 
to  its  in p u t vo ltag e .

T his in p u t v o ltag e , in tu rn , is th e  sum o f th re e  v o ltag es . O n e  
o f th e se  is p ro d u ced  b y  the  m a rk e r  g e n e ra to r  (2) an d  is re q u ire d  
to  tra c e  th e  ra n g e  m a rk e r  an d  th e  orig in  m a rk e r  o f th e  c u rso r 
(sm all circ les). T he second  in p u t v o ltag e  is p ro d u ced  by  th e  
deflection  c u r re n t p ream p lifie r (3).

T he gain  of th is  p ream plifie r can  be se t to  3 d ilfe re n t values 
b y  m eans o f th e  ran g e  scale  sw itch , w hich  is used  to  se lec t 3 
d ilfe re n t ran g e  sca les. In  one version  fu ll p ic tu re  ra d iu s  m ay be  se t 
to  co rre sp o n d  to  3, 6 o r  12 km, a n d  in th e  o th e r  v e rs io n  to  4, 8 
an d  16 km.

T he th ird  in p u t v o ltag e  is ca lled  th e  o ff-cen tre  v o ltage  as 
i t  p e rm its  th e  p ic tu re  as  a  w hole  to  be d isp laced  ac ro ss  the
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Deflection 
coil x

Ampitude 400 C/s Ampitude 
reference reference

F ig . 18
B lo ck  d ia g ra m  o f  th e  deflection  sy s te m  o f  th e  M a in  D isp la y  U n it.

v iew ing  a r e a  u p  to  s/ i  o f th e  ra d iu s  o f th e  p ic tu re  tu b e  in  an y  
d irec tio n .

In p u t signal V x o f th e  deflection  c u rre n t p re -am p lifie r is 
d e liv e red  b y  a  s a w to o th  g e n e ra to r  (4); th is  s ig n a l v a rie s  w ith  
tim e a s  show n  in F ig . 19e. T his w av efo rm  is d e te rm in ed , f irs tly
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F ig . 19
W a v e fo rm s  o f th e  deflection  c irc u it

a. S y n c , p u lse s  from  r a d a r

b . C u r re n t  fo r  th e  v a lu e  o f  ftit
c. V a lu e  o f Vxo
d. K e y  v o ltag e  fo r  in te g ra tin g  (b )  to  g e t a  s a w to o th  v o ltag e
e. O u tp u t  w a v e fo rm  o f  th e  s a w to o th  g e n e ra to r .

by  th e  k e y  v o ltag es  o f th e  tim ing u n it (7), second ly  by  
q u iescen t v o ltag e  Vxo an d  th ird ly  b y  th e  slope o f th e  sa w to o th ,
d V x

d t

T he values of Vxo an d
d V r

d t
d iffer fo r  each  line a n d  a re  select-

ed  b y  e lec tro n ic  sw itch es (5 and  6). T hese  sw itch es  a re  tr ig g e re d  
in  tu rn  b y  th e  tim ing u n it (7). In  th is  w a y  th e  v a rio u s  lines 
a re  b u ilt  up in d ep en d en tly  o f each  o th e r.

Fig. 19e show s a  p o rtio n  of signal Vx, viz. th a t  p o rtio n  w hich  
is u sed  to  w rite  10 r a d a r  p ic tu re  lines, a  ran g e  m a rk e r  a n d  a  
re fe ren ce  line.

Fig. 19a sh ow s th e  sequence o f synchron izing  p u lses of th e  
r a d a r  fed  in to  the  tim ing un it. T his tim ing u n it p ro v id es  v a rio u s 
o u tp u ts  w ith  th e  key ing  p u lses re q u ire d  to  co n tro l th e  m a rk e r  
g e n e ra to r , th e  b rig h tn e ss  co n tro l u n it (8) a n d  th e  e lec tron ic  
sw itch es.
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E lec tro n ic  sw itch  (5), w h ich dete rm in es
d V x

d t ’
d e liv e rs  to  the

sa w to o th  g e n e ra to r  a  c u r re n t a s  d ep ic ted  in Fig. 19b.
D u rin g  th e  key ing  p u lses (d) th is  c u r re n t is c ap ac itiv e ly  in ­

te g ra te d  to  form  a  Vx w hich changes l in e a r ly  w ith  tim e. A t 
th e  end  o f th e  keying  pulse  th e  c a p a c ito r  is d isch a rg ed  rap id ly .

T he v o ltag e  V xo b e tw e e n  successive s a w te e th  is d e te rm in ed  
b y  a  c u r re n t fu rn ish ed  b y  a  s e p a ra te  e lec tro n ic  sw itch  (6). T his 
c u r re n t  is show n in F ig . 19c an d  is id e n tic a l to  th e  v o ltag e  i t  
p ro d u ces  a t  th e  o u tp u t o f th e  s a w to o th  g e n e ra to r .

T hus V xot d e te rm in es  th e  p o in t a t  w hich  th e  p ic tu re  sa w to o th  
begins, Vxa2 th e  p o sitio n  of th e  ran g e  m a rk e r  an d  V xo3 th e  origin 
o f th e  re fe ren ce  line in th e  A '-d irection .

T he re s u lt  o f a ll th is  is o u tp u t v o ltag e  Vx of th e  sa w to o th  
g e n e ra to r , w hich is i l lu s tr a te d  in F ig . 19e.

In  th is  figure th e  in te rv a ls  o f tim e d u rin g  w hich  som ething 
is w r it te n  on th e  p ic tu re  tu b e  a re  m ark ed  w ith  doub le  lines. 
A t A  th e  r a d a r  p ic tu re  line is t ra c e d , a t  B  a  ran g e  m a rk e r  an d  
a t  C  a  re fe ren ce  line.

T he c u rre n t in te g ra te d  in to  th e  p ic tu re  s a w to o th  in th e  s a w ­
to o th  g e n e ra to r  (4) is o b ta in e d  b y  w a y  o f th e  e lec tro n ic  sw itch  
(5) from  p h ase -sen sitiv e  rec tif ie r  (9); th is  is fed  from  th e  sine 
o u tp u t o f a  re so lv e r  (10).

T he value o f th is  c u rre n t is p ro p o r tio n a l to  th e  sine o f the 
angle b e tw e e n  th e  a n te n n a  ax is a n d  N o r th  d irec tion .

In  th e  F -deflection  system  th e  v alue  of th is  c u rre n t is p ro ­
p o rtio n a l to  th e  cosine o f th is  angle.

T he outcom e of th is  a rra n g e m e n t is th a t  th e  slope o f the  
p ic tu re  s a w to o th  v o ltag e  fo r  A ^deflection is p ro p o rtio n a l to  the  
sine, a n d  th a t  fo r  F -deflec tion  p ro p o rtio n a l to  th e  cosine o f the  
a n te n n a  b e a rin g  an g le ; co n seq u en tly  th e  re su ltin g  d irec tio n  of 
th e  deflection  is th e  sam e as th e  d irec tio n  in to  w h ich  th e  a n te n n a  
r a d ia te s , i t  being  u n d e rs to o d  th a t  N o r th  co rre sp o n d s  to  positive  
F -deflection  an d  E a s t  w ith  po sitiv e  A^-deflection.

In  o rd e r  to  tra n s m it th e  a n te n n a  ro ta t io n a l  in fo rm atio n  to  
th e  sine-cosine re so lv e r, th e  la t t e r  is d riv en  b y  th e  m o to r of a  
servom echan ism  c o n tro lle d  b y  a  synch ro  in th e  a n te n n a  (th is  
ap p lie s  only  to  th e  case th a t  th e  d isp lay  u n it a n d  th e  r a d a r  
a re  in th e  sam e build ing).

T he sine-cosine re so lv e r  is fed  w ith  400 c/s v ia  a re so lv e r  
am plifier w h ich  s tab ilizes  th e  am plitude .

T he phase -sen sitiv e  rec tifie r (9), re so lv e r  (10), re so lv e r  am plifier
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an d  th e  servo  sy stem  to g e th e r  c o n s titu te  th e  R -& / X - Y  co n v e rto r. 
T his is fitted , to g e th e r  w ith  th e  400 c/s g e n e ra to r , in a  s e p a ra te  
c a b in e t d is tin c t from  th e  d isp lay  unit.

A  s im ila r techn ique is em ployed  in  w ritin g  th e  c u rso r. H e re , 
too , th e re  is a  p h ase -sen sitiv e  rec tifie r (14), sine-cosine re so lv e r  
(15) a n d  re so lv e r  am plifier (16), ex cep t fo r  th e  fa c t  th a t  the  
sine-cosine re so lv e r  is m an u ally  o p e ra te d  by  m eans o f a  knob  
on th e  c o n tro l panel.

T he a n g u la r  se ttin g  of th e  cu rso r can  be re a d  from  a d ia l 
g ra d u a te d  in te n th s  o f deg rees . I f  th e  kn o b  is tu rn e d  so th a t  
th e  c u rso r c rosses an  echo, th e  d ia l show s th e  b e a rin g  o f th is  
echo re la tiv e  to  the  orig in  of th e  cu rso r.

T he o u tp u t v o ltag e  of the  p h ase -sen sitiv e  rec tifie r (14) is fed  
n o t o n ly  to  e lec tro n ic  sw itch  (5) b u t  a lso  to  a  m u ltitu rn  p o te n tio ­
m e te r  (13).

T he s lid e r of th is  com ponen t is connected  to  e lec tro n ic  sw itch  
no. 6 . T he p o rtio n  of th e  o u tp u t v o ltag e  o f th e  p h ase -sen sitiv e  
rec tifie r ta p p e d  b y  th e  m u ltitu rn  p o te n tio m e te r  d e te rm in es  the  
value of Vxo in  a  c e r ta in  tim e in te rv a l, nam ely  a t  B  in Fig. 19.

T h a t  is th e  in te rv a l in w hich  th e  ran g e  m a rk e r  is w r it te n  on 
th e  p ic tu re  tube .

F o r  F -deflection  o f th e  ran g e  m a rk e r  th e re  is a n o th e r  m u lti­
tu rn  p o te n tio m e te r  on th e  sam e sp indle .

T he ran g e  se ttin g  o f th is  m a rk e r, e ffec ted  w ith  a  kn o b  on the 
c o n tro l p ane l, can  be re a d  from  a  g ra d u a te d  scale.

T he c ircu its  d iscussed  so f a r  a re  re q u ire d  to  e s ta b lish  a  
re la tio n sh ip  b e tw e e n  th e  p ic tu re  deflection  an d  th e  a n te n n a  
p o sitio n  an d  to  tra c e  th e  v a rio u s  m easu ring  an d  m ark in g  a id s. 
In  a d d itio n  to  th e se  c ircu its , w h ich  a re  show n in Fig. 18, th e re  
a re  th e  fo llow ing  e lec tro n ic  u n its :
1. A  v ideo  am plifier fo r  am plification  an d  co n tro l of th e  incom ing 

echo signals, v ideo  m ap signals an d  c a lib ra tio n  signals fo r  
ran g e  an d  b ea rin g .

2. A  c a lib ra tio n  u n it g en e ra tin g  th e  pu lses w hich  w rite  ran g e  
c a lib ra tio n  rings.

3. A n  E .H .T . u n it p ro d u c in g  th e  12 k V  ac c e le ra tin g  vo ltag e  
fo r  th e  p ic tu re  tu b e .

4. A C .R .T  u n it com prising  a  c a th o d e -ra y  tu b e , focus, deflection 
an d  cen trin g  coils.

5. T he co n tro l p an e ls  w ith  th e ir  v a rio u s  p o ten tio m e te rs , sw itch es 
an d  o th e r  co n tro ls  an d  ad ju s tm en ts .

N e a r ly  a ll c ircu its  use tra n s is to rs  in s te a d  o f e lec tro n ic  tu b es.
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O n ly  a  few  tu b e s  a re  u sed , viz. one in th e  v ideo am plifier, 
one in  th e  p h ase -sen sitiv e  rec tifie r an d  one in each  sa w to o th  
g e n e ra to r .

5. Equipm ent for radar data transm ission

5.1. General

F o r  p re se n ta tio n  of th e  d a ta  co llec ted  b y  th e  v a rio u s  r a d a r  
s ta tio n s  on th e  m ain d isp la y  u n its  in th e  o p e ra tio n a l c en tre s , 
th e  signals  have  to  be tra n sm itte d  from  th e  r a d a r  s ta tio n s  to  
th e  cen tres .

T h is is accom plished  b y  m eans of ra d io  links.
A t th e  r a d a r  s ta tio n s , th e re fo re , a u x ilia ry  equ ip m en t is req u ired  

to  c o n v e rt th e  r a d a r  signals  d iscu ssed  in 4.1. in to  some form  
su itab le  fo r  tran sm iss io n  o v er th e  ra d io  link . T h is conversion  
is ta k e n  c a re  of b y  th e  R a d a r  D a ta  M o d u la to r .

In  th e  o p e ra tio n a l c en tre s  th e  signals  rece iv ed  have  to  be 
s e p a ra te d  ag a in  an d  t r a n s la te d  in to  th e  form  re q u ire d  fo r  th e  
o p e ra tio n  o f th e  d isp la y  u n its . T h is is e ffec ted  by  th e  R a d a r  
D a ta  D em o d u la to r .

T h e re  a re  tech n iq u es fo r  reduc ing  th e  b a n d w id th  of th e  r a d a r  
signals  to  be tra n s m itte d  to  a va lue  th a t  is c o n sid e rab ly  less 
th a n  th a t  n o rm ally  d em an d ed  b y  th e  r a d a r  signals. A n a d v a n ta g e  
of th is  is th a t  th e  choice of tra n sm ittin g  freq u en c ies  is less 
re s tr ic te d .

T his b a n d w id th  com pression  can  be accom plished  b y  w ritin g  
th e  r a d a r  signals on a  s to ra g e  tu b e  a n d  scann ing  th e  re su ltin g  
p ic tu re  a t  a  lo w e r re p e titio n  freq u en cy  an d , if  p o ssib le , w ith  
a  h ig h e r d u ty  cycle.

T he sh o re -b a se d  n av ig a tio n a l r a d a r  sy s tem  ca lls  fo r  a  coverage  
of 16 km  w ith  a  re so lu tio n  of 15 m etres , w h ich  com es d o w n  to  
1067 cycles p e r  r a d ia l  scan.

I f  an  a n g u la r  e r ro r  of 0.1 ° a d d e d  b y  th e  b a n d w id th  co m p resso r 
to  th e  e r ro rs  a lre a d y  p re se n t is a c c e p tab le , th e  a n g u la r  d ifference 
b e tw e e n  successive scans m ust n o t exceed  0 .2 °, w h ich  gives 1800 
scans p e r  rev o lu tio n  o f th e  a n te n n a . W i th  a n  a n te n n a  sp eed  
o f 20 r.p .m . th is  gives 1/ s X  1800 X  1067 =  640 k c /s .

A llow ing  fo r  p au ses  b e tw e e n  successive scans, a  freq u en cy  
b a n d  of a b o u t 800 kc/s  is th e  re su lt.

F o r  d ire c t tran sm iss io n  of th e  r a d a r  signals  a  b a n d w id th  of 
10 M c /s  is req u ired .
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T he p ra c tic a l difficulties in h e ren t in b a n d w id th  com pression, 
h o w ev er, w e re  such th a t  th is  p la n  w a s  ab an d o n ed . C o n seq u en tly  
p o in t- to -p o in t rad io  links w ere  se lec ted  fo r  th e  tran sm iss io n  
m edium  since th ese  a re  fu lly  cap ab le  of tra n sm ittin g  a 10 M c/s  
ban d .

A specia l p roblem  in th e  r a d a r  d a ta  tran sm iss io n  system  w as  
how  to  convey th e  a n te n n a  ro ta tio n  d a ta  w ith  a d e q u a te  accu racy . 
T he position  of th e  an te n n a  sh a f t  h ad  to  be re p ro d u c e d  in the 
o p e ra tio n a l c en tre s , and  i t  w a s  e sse n tia l th a t  no a n g u la r  e r ro r  
in excess of 0.1 deg ree  should  occur a t  any  tim e.

The fo llow ing co n sid e ra tio n s  p lay ed  a m a jo r ro le  in decid ing 
on the  n a tu re  ol the  angle tran sm iss io n  s y s te m :
a. th e  b eh av io u r of th e  system  u n d e r fad ing .
b. (he sen s itiv ity  to  d is tu rb an ce  caused  b y  in te rm o d u la tio n  w ith  

the  o th e r  signals.
c. simplicit3r of a l ignm ent of the  S37stem.
d. sen s itiv ity  to  e x te rn a l in te rfe ren ce .
e. volum e of equ ip m en t req u ired .
f. in tricacy  of the  equipm ent.
g. accu racy .

The fo llow ing  p o ss ib d itie s  w ere  co n tem p la ted :
1. A system  in w hich sin 0  an d  cos 0  w ould  be tra n sm itte d  

b y  p u lsew id th  m odulation  of tw o  s e p a ra te  pu lses.
2. A system  in w hich 0  is tra n sm itte d  as a p h ase  difference 

of tw o  a lte rn a tin g  v o ltages of th e  sam e frequency .

3. A system  in w hich the a n g u la r  ve locity  —  is tra n sm itte d

as an  a lte rn a tin g  v o ltage  v a ry in g  p ro p o rtio n a lly ' in frequency .
4. A s \rstem  in w hich the  a n te n n a  position  is con tinuously  

t r a n s la te d  in to  a pu lse  code w hich is t ra n sm itte d  in the  
in te rv a ls  b e tw een  ev ery  tw o  r a d a r  scans.

T he fo llow ing  p o in ts  m ay il lu s tra te , w ith  a v iew  to  the  above- 
m entioned  req u irem en ts  a to  g , w h a t  c h a ra c te r is tic s  a re  to  be 
expected  from  each  of th e se  fo u r system s:
a. A f t e r  f a d in g  p h e n o m e n a  S3 7s te m s  1, 2 a n d  4 w i l l  r e c o v e r  qu ick-  

137 (w i th in  a  f e w  t e n t h s  o f  a  s e c o n d  a f t e r  b r i e f  fad in g ,  w i th in  
a  f e w  se c o n d s  a f t e r  p r o lo n g e d  f a d in g  spe l ls ) .  In  S3 7s tem  3 
s e v e r a l  m in u te s  a r e  r e q u i r e d  f o r  r e c o v e r  o f  t h e  S37n ch ron iz -  
a t io n ,  a n d ,  b es id es ,  th i s  r e c o v e r  is n o t  a u to m a t ic .

b. S y stem s 1 an d  4 a re  in sensitive  to  in te rm o d u la tio n  d is tu rb ­
ance, 2 an d  3 a re  sensitive  to  it, e spec ia l^ 7 2.
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T he
F ig . 20

p u lse  g e n e ra to r  fo r  the a n te n n a  d a ta .

c. To keep  a n g u la r  e r ro rs  w ith in  lim its i t  is n e c e ssa ry  fo r  
sy stem s 1 a n d  2 to  be  ca re fu lly  re a lig n e d  occasiona lly . In  
system  3 a lig n m en t is s tra ig h tfo rw a rd  b u t  h as  to  be c a rr ie d  
ou t m ore fre q u e n tly  b y  the  o p e ra to r  a t  th e  M a in  D isp la y  
U n it. S y stem  4 ra re ly  o r  n ev e r re q u ire s  rea lignm en t.

d. S y stem  2 is m ost sen sitiv e  to  e x te rn a l in te rfe re n ce  an d  noise. 
S ystem  4 is le a s t  sen s itiv e ; i t  w o rk s  still w hen  th e  echo 
signals a re  d ro w n e d  in noise.

e. S ystem  3 re q u ire s  a  minimum, system  4 a  maxim um  of equip­
m ent.

f. S y stem  3 is m ost s tra ig h tfo rw a rd , a n d  system  4 com es nex t.
g. U n d e r  fa v o u ra b le  cond itions a ll 4 system s can  com ply  w ith  

th e  accu racy  req u irem en ts  (a b o u t + 0 .1 ° ) ,  b u t  sy stem  3 fails 
to  do so w hen  w in d  lo ad s  on th e  a n te n n a  cause  speed  
v a ria tio n s .

T he co n sid e ra tio n s  lis te d  ab o v e  have  led  to  th e  choice of 
system  4.

5.2. The R a d a r  D ata  M odulator

T he R a d a r  D a ta  M o d u la to r  rece iv es  the  signals m en tioned  
e a r lie r  from  th e  r a d a r  tra n sm itte r-re c e iv e r .

I ts  o u tp u t c a rr ie s  th e  signal sh o w n  in Fig. 21, w hich  is fed  
in to  th e  p o in t-to -p o in t tra n sm itte r .
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F ig . 21
O u tp u t  from  th e  R a d a r  D a ta  M o d u la to r .

In  th is  com posite  signal, (1) is th e  sync, signal. T he R - 0  pu lses 
(2) a re  n eg a tiv e , th e  echo signals (3) positive , (d) re p re se n ts  
th e  noise o f th e  r a d a r  se t. (5) is th e  re fe ren ce  pu lse  fo r  th e  
b in a ry  sh a f t  code o f th e  a n ten n a . T h is code its e lf  is fo rm ed  by  
pu lse  tr a in  (6), consisting  o f 9 p u lses sp aced  Id  /usee.

T he sync, signal h as  such a  form  th a t  i t  can  be se p a ra te d  
easily  from  th e  rem ain ing  signals, fo r  i t  beg ins w ith  a  n e g a tiv e ­
going p o rtio n  la s tin g  a b o u t 20 /usee. N e x t  com es th e  sy n ch ro n ­
izing p o rtio n  p ro p e r , a v o ltag e  s tep  covering  th e  fu ll freq u en cy  
d ev ia tio n  of th e  link  tra n sm itte r .

T he a m p litu d es  o f th e  echo signals a re  lim ited  to  a  va lu e  as 
re q u ire d  b y  th e  link tra n sm itte r . S im u ltan eo u sly  th e  gain  o f the  
r a d a r  rece iv e r is a u to m a tic a lly  co n tro lled  in such a  m an n er th a t

a  signal-to -no ise  ra tio  o f 
a b o u t 15 d b  is o b ta in ed . 
T he co n tro l v o ltag e  used  
fo r  th is  is d e riv ed  from  
the  noise level itse lf.

O f  th e  a v a ila b le  f r e ­
quency  d ev ia tio n  o f the  
link  tra n s m itte r , a b o u t 
30 °/0 is used  fo r  th e  c a ­
lib ra tio n  pu lses a n d  70 °/0 
fo r  th e  r a d a r  echoes and  
a n te n n a  s h a f t  code.
T he sh a f t  code is fo rm ed  
as fo llow s (see Fig. 22). 
A  pulse g e n e ra to r  (1) is 
coup led  w ith  th e  r a d a r  
a n te n n a  sh a ft. W T e n  the

Pulse
generator

►  Pu lse 
Synchronising

B lock ing
os c il la to r

\2^m S

j n t i m t
Gating and 

m ix ing c ircu its

TTTT'ttttT
. S h a f t  cod e  

p u ls e s

F ig . 22
B lock  d ia g ra m  o f  th e  sh a f t  code  fo rm ing  

c irc u it in  the  R a d a r  D a ta  M o d u la to r .
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a n te n n a  is ro ta tin g , i t  p ro d u ces a  pu lse  fo r  ev e ry  a n g u la r  d is­
p lacem en t of T>6odeg /512, so 512 pu lses p e r  rev o lu tio n ; t h a t  is 
a b o u t 170 p u lses p e r  second  a t  a  ro ta t io n a l  sp eed  of 20 re v o l­
u tions p e r  m inute.

E a c h  o f th e se  p u lses ad v an ces  a  c o u n te r  (2) b y  one s tep . 
T he co u n te r co n sis ts  o f 9 flip-flops in a  cascad e  a rra n g e m en t; 
th e  cond itions o f th e se  flip-flops, th e re fo re , give th e  a n g u la r  
p o sitio n  of th e  a n te n n a  in a  b in a ry  form . T he c o u n te r  h a s  a  
c a p a c ity  o f 2 9 =  512 a n te n n a  p o sitions.

S up p o se  th a t  th e  tw o  cond itions o f a  flip-flop a re  ca lled  O  

an d  I, fo r  th e  sak e  of convenience. W h e n  th e  a n te n n a  is p o in ted  
a t  N o r th ,  th e  c o u n te r  re g is te rs  OOO.OOO.OOO. A f te r  a n  a n g u la r  
d isp lacem en t o f a b o u t 0 .7° th e  n e x t pu lse  a rr iv e s , se ttin g  th e  
c o u n te r  to  OOO.OOO.OOI, a n o th e r  0 .7° fu r th e r  on th e  co u n te r 
re g is te rs  ooo .ooo .o io , e tc . A f te r  511 p u lses th e  co u n t is i l l . i l l . I l l  
a n d  a f te r  th e  512 th  pu lse  i t  is 000 .000.000 aga in , w ith  th e  a n te n n a  
looking  d e a d  n o rth .

W h e n  th e  equ ip m en t is sw itch ed  on, h o w ev e r, th e  p ro b a b ility  
is v e ry  low  th a t  th e  a n te n n a  a n d  c o u n te r  p o sitions co rresp o n d . 
F o r  th is  re a so n  a  second pulse  g e n e ra to r  is in c o rp o ra te d , w hich  
is a lso  coup led  w ith  th e  a n te n n a  sh a f t  a n d  p ro d u ces a  pu lse  
only  w h en  th e  a n te n n a  p a sse s  th ro u g h  n o rth . T h is pu lse  is 
ap p lied  to  a ll flip-flops of th e  c o u n te r  a n d  h as  th e  effect o f 
re se tt in g  them  a ll to  O.

I f  an y  cause  shou ld  b rin g  th e  c o u n te r  o u t o f s tep , th is  con­
d itio n  w ill be c o rre c te d  th e  n e x t tim e th e  a n te n n a  p a sse s  th ro u g h  
n o rth . T he b e a rin g  p u lses a re  n o t fed  d ire c tly  from  th e  pu lse  
g e n e ra to r  to  th e  c o u n te r  b u t  firs t p a ss  th ro u g h  a  pu lse  sy n ch ro n ­
izing c ircu it (3). T he re a so n  fo r  th is  is ex p la in ed  below .

T he c o u n te r  positio n  is c o n v e rted  in to  a  pu lse  code b y  m eans 
o f a  g a tin g  system  (4) a n d  a  d e lay  line (5). A  b lock ing  o sc illa to r  
(6) supp lies th e  in p u t o f th e  d e la y  line w ith  a  re fe ren ce  pulse 
w h ich  h as  a  d u ra tio n  o f a b o u t 12 /usee.

T he d e lay  line h a s  9 o u tp u ts  a t  such ta p s  th a t  th e  pu lse  
a p p e a rs  successively  a t  th ese  o u tp u ts  w ith  14 /uses in te rv a ls .

T he o u tp u ts  o f th e  d e la y  line a re  connec ted  to  th e  in p u ts  
o f a  g a tin g  system  (4) w h ich  is so desig n ed  th a t  each  in d iv id u a l 
o u tp u t o f th e  d e la y  line m ay  o r m ay  n o t be connected  to  the  
o u tp u t o f th e  g a tin g  sy s tem . T h is ’m ay’ o r  ’m ay n o t’ depends 
on th e  cond ition  of th e  co rresp o n d in g  flip-flop in  th e  co u n te r, 
cond ition  1 of th e  flip-flop e s tab lish in g  th e  connection  a n d  con­
d itio n  2 in te rru p tin g  it.
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T he o u tp u t p u lses of th e  g a te s  a re  b ro u g h t to g e th e r  w ith  
th e  re fe ren ce  pu lses in to  one channe l; w h en  th is  ch an n e l con­
ta in s , fo r  exam ple, th e  code show n  in Fig. 22, th e  a n te n n a  has 
ro ta te d  a t  le a s t  (2 + 8 + 32+ 128) x  360/512 deg rees  =  17OX 360/512 
deg rees  b u t less th a n  171 x 360/512 deg rees  p a s t  n o rth .
T he freq u en cy  a t  w hich  th e  c o u n te r  is scan n ed  is th e  pu lse  
re p e titio n  freq u en cy  of th e  r a d a r ,  w h ich  m eans th a t  23d 1 re fe r ­
ence pulses p e r  second a r r iv e  a t  th e  in p u t of th e  d e lay  line.

S ince th e  num ber of b ea rin g  pu lses is a b o u t 170 p e r  second, 
each  positio n  of th e  c o u n te r  is tra n s m itte d  a b o u t Id  tim es b e ­
fo re  th e  c o u n te r  re g is te rs  th e  n e x t b ea rin g  pulse.

T he tim e re q u ire d  fo r  scann ing  th e  c o u n te r  once is a p p ro x . 
140 //sec. D u rin g  th is  tim e, o f course, th e  c o u n te r  m ust n o t be 
s e t  to  a  d iffe ren t p o sitio n  b y  a  b ea rin g  pulse , o th e rw ise  the 
code w hich  is t r a n s m itte d  w ou ld  co n sis t o f tw o  frag m en ts  of 
tw o  d iffe ren t codes.

T h is is w h y  a  synchronizing  c ircu it (3) is f itted  b e tw e e n  the  
pu lse  g e n e ra to r  a n d  th e  coun te r.

T his sync, c ircu it rece ives n o t o n ly  th e  b ea rin g  pu lses b u t 
a lso  th e  r a d a r  tr ig g e r  pulses.

E ach  b ea rin g  pulse is s to re d  in  th e  synchron iz ing  c ircu it 
u n til the  n e x t r a d a r  tr ig g e r  pu lse  a r r iv e s ;  o n ly  a t  th a t  m om ent 
is a  pu lse  p ro d u ced  a t  th e  ou tp u t. T he n ex t r a d a r  tr ig g e r 
p u lses do n o t s e t  up a pu lse  a t  th e  o u tp u t; th e  n e x t o u tp u t 
pu lse  w ill n o t a p p e a r  u n til th e re  is a  f re sh  b e a rin g  pulse , etc. 
A s a  re s u lt  th e  n u m b er o f o u tp u t p u lses of th e  sync, c ircu it 
is eq u a l to  th a t  o f th e  b ea rin g  pu lses, b u t th e y  a re  s ligh tly  
sh ifted  in tim e to  coincide w ith  th e  r a d a r  tr ig g e r  pu lses. T his 
m eans th a t  th e  m om ents a t  w hich  th e  co u n te r re g is te rs  th e  
n ex t coun t coincide w ith  th e  r a d a r  tr ig g e r  pu lses.

T he re fe ren ce  pu lse  scans the  c o u n te r  a b o u t 200 //sec la te r  
to  en su re  th a t  th e  co u n te r h as  re a c h e d  a  s ta te  of s ta b ili ty ;  
th e  re fe ren ce  pu lse  is the  30 km pu lse  of th e  synchronizing  
un it in th e  r a d a r .

T he accu racy  w ith  w hich th e  pu lse  code in d ica tes  th e  a n te n n a  
p o sition  is i  O.35 deg rees  if  i t  is assum ed  th a t  th e re  is no 
e r ro r  in th e  b ea rin g  pulse  g e n e ra to r .

T his is th e  s te a d y -s ta te  accu racy .
In  re a lity , h o w ev er, w e have  to  do w ith  a ro ta tin g  an te n n a  

w hose  sp eed  is f a ir ly  c o n s tan t. T his overcom es th e  in accu racy  
re su ltin g  from  th e  finite n um ber o f d ig its o f th e  code, fo r  a t  
th e  m om ent the  c o u n te r  is ad v an ced  a  s te p  w e k now  th e  tru e
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a n g u la r  p o sition  of th e  a n te n n a  w ith  m ore accu racy . The 
in c e r ta in ty  a t  th a t  m om ent is due on ly  to  th e  d ifference in 
tim e b e tw e e n  2 r a d a r  tr ig g e r  p u lses because  th e  synchron ized  
b e a rin g  pulse a p p e a rs  b e tw e e n  0 a n d  430 /usee a f te r  the  o rig inal 
b ea rin g  pulse.

A t th e  m om ent a  new  coun t is m ade th is  in tro d u ces  a  m ax­
imum e r ro r  o f i  215 /<sec, e q u iv a len t to  ±  0.02 50, in th e  a n ­
g u la r  position .

In  th e  m ixing u n it a ll s ignals  a re  b ro u g h t to g e th e r  in to  a  
single channel, w h e reu p o n  i t  is fed  in to  th e  link  t r a n s m itte r  in 
th e  form  show n  in Fig. 21.

T he r a d a r  d a ta  m o d u la to r  uses t ra n s is to rs  th ro u g h o u t.

5.3. The R a d a r  D ata  Dem odulator

T he in fo rm atio n  tra n s m itte d  o v e r th e  ra d io  link  is rece iv ed  
a t  th e  o p e ra tio n a l c e n tre  w h e re  i t  e n te rs  a  R a d a r  D a ta  D em o d u l­
a to r ;  th en  i t  s till h a s  th e  form  of Fig. 21, in w hich  i t  w a s  
rece iv ed  b y  th e  link  re c e iv e r of th e  o p e ra tio n a l cen tre .

T his signal is a p p lie d  f irs t to  a  signal s e p a ra tin g  u n it in th e  
R a d a r  D a ta  D em o d u la to r .

T he fo llow ing  signals a p p e a r  a t  th e  in d iv id u a l o u tp u ts  of 
th is  un it:
1. a  sync, pu lse , a p p e a rin g  a b o u t 7.5 fisec  b e fo re  the  r a d a r  

echo fo r  zero  ran g e .
2 . th e  r a d a r  echoes a n d  th e  r a d a r  re c e iv e r noise.
3. th e  R - &  c a lib ra tin g  pu lses a t  d is tan ces  o f 0. 1, 2, 3, 4, 6, 

8 , 12 an d  16 km  in ran g e , a n d  a t  5, 10, 15, 20, 25, e tc . 
d eg rees  w ith  r e s p e c t to  n o rth .

4. a  sync, pu lse  a t  200 fxsec from  zero  ran g e , d eriv ed  from  
th e  re fe ren ce  pulse  fo r  th e  a n te n n a  sh a f t  code.

5 . th e  a n te n n a  sh a f t code, com m encing w ith  th e  re fe ren ce  
pulse.

T he signals m en tioned  u n d e r  1, 2 an d  3 a re  fed  in to  the  
M a in  D isp la y  U n it.

T he a n te n n a  s h a f t  code has to  be co n v e rte d  f irs t b e fo re  
being  o f a n y  use.

T he R - 0 / X - Y  c o n v e rto r  co n ta in s  a  sine-cosine re so lv e r  
w hich  h a s  to  r o ta te  in synch ron ism  w ith  th e  r a d a r  an te n n a .

O n  th e  sh a f t o f th is  re so lv e r  a  pu lse  g e n e ra to r , id en tica l in 
d esign  to  th a t  fitted  on th e  a n te n n a  sh a ft, is m ounted . The 
b e a rin g  a n d  n o r th  p u lses of th is  g e n e ra to r  a re  fed  in to  th e
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R a d a r  D a ta  D em o d u la to r . In  th e  sam e w a y  as in  th e  m o d u la to r  
a t  th e  tra n sm ittin g  end  (F ig . 22) th e  p u lses a re  coun ted  s t a r t ­
ing from  N o r th  an d  th e  re s u lt  is co n v erted  in to  a  pu lse  code, 
p re c e d e d  b y  a  re fe ren ce  pulse .

T he tw o  pulse  codes, one from  th e  r a d a r  a n d  one from  the  
R  - 0  /  X - Y  c o n v e rto r , a re  now  co m p ared  in a  code com parison  
u n it; a n y  d ifference b e tw e e n  th e  tw o  codes is t ra n s la te d  in to  
an  e r ro r  v o ltage . T his e r ro r  v o ltag e  d rives, v ia  a  se rv o  system , 
a  m o to r w hich  is coup led  w ith  th e  re so lv e r  in th e  R - 6 / Y - X  
co n v e rto r.

T h is is accom plished  in such a m an n er th a t  th e  r e s u lta n t  
change in sp eed  red u ces  th e  d ifference b e tw e e n  th e  tw o  codes 
u n til b o th  codes a re  in synchronism  a n d  th e  a n g u la r  d ifference 
b e tw e e n  th e  a n te n n a  an d  re so lv e r  sh a f ts  a p p ro ach es  0.

I f  th e  a n te n n a  sp eed  is c o n s tan t, th e  sh a f t- to -sh a f t e r ro r  
w ill n o t exceed 0.1°.

W in d  fo rces, h o w ev er, m ay  m ake th e  a n te n n a  sp eed  incons­
ta n t. I t  is assum ed  th a t  th e  a cce le ra tio n s  due to  th is  a re  n ev e r 
h igher th a n  tho se  en co u n te red  w h en  th e  an ten n e  sp eed  v a rie s  
s in uso ida lly  a t  th e  r a te  of tw o  cycles p e r  rev o lu tio n , w ith  a 
p e a k  v alue  eq u a l to  10°/0 o f th e  av e ra g e  speed .

A t th is  sp eed  v a r ia tio n  th e  m axim um  e r ro r  rem ain s w ith in  
0.15°. To o b ta in  th e se  c h a ra c te r is tic s  a  servo  system  is re q u ire d  
w h ich  in c o rp o ra te s  a d e q u a te  dam ping  an d  h as  an  u p p e r  f r e ­
quency  lim it o f a b o u t 15 c/s.

T he R a d a r  D a ta  D e m o d u la to r  is fu lly  tra n s is to r iz e d .

6. Comm unication

6.1. General

I t  w a s  sa id  a lre a d y  in  th e  In tro d u c tio n  th a t  i t  is im p o rta n t 
fo r  th e  o p e ra to r  to  be ab le  to  g e t r a p id ly  in to  touch  w ith  th e  
p ilo t he d e s ire s  to  su p p ly  w ith  n a u tic a l in fo rm ation .

To th is  end a  V H F  m ast, e n tire ly  b u ilt  up from  tu b e s , h as  
b een  e rec ted , fo r  exam ple, in C u x h av en  to  a  h e ig h t o f a b o u t 
100 m etres . T his en ab les  th e  o p e ra tio n a l c en tre  to  e s ta b lish  
c o n ta c t w ith  th e  p ilo ts  in th e  v icin ity  o f lig h t v esse l ’E lb e  1’.

T he p ilo ts  a re  issued  w ith  P o rto p h o n es , w hich  w ill be d i­
scussed  b e low .

A p a r t  from  th is  th e re  a re  m eans o f com m unication  am ong 
th e  r a d a r  s ta tio n s  an d  from  th e  l a t t e r  to  th e  p a re n t  o p e ra tio n a l 
c en tre . T h e re  is no need  to  go in to  d e ta il  a b o u t th is .
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F ig . 23
B lock  d iag ra m  P o rto p h o n e ,
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6.2. Portophones.
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6.2.1. S p e c i f i c a t i o n .

F req u en cy : 6 channels in 3 1 .7 - d l  M c/s  band ,
68 -8 7 .5  M c /s  b a n d  o r
156 - 174 M c/s  band .

R .F . P o w e r:
M o d e  of m odulation : 
R ece iv e r sensitiv ity : 
R ece iv er se lec tiv ity :

P o w e r  su p p ly :

1 W
p h ase  m odula tion  (F  3)
1 f.i V  a t  20 db  signal-to -no ise  ra tio  
m ore th a n  6 d b  a t  15 kc/s from  cen tre  of 

channel
m ore th a n  100 db  a t  30 kc/s  from  cen tre  

of channel.
6 V  8 A h  b a t te ry  giving 10 w o rk ing  hours, 
ol w hich 20°/0 used  in tran sm ittin g .

6.2.2. B l o c k  d i a g r a m .

A s show n in Fig. 23 th e  o sc illa to r  freq u en c ies  req u ired  fo r  
th e  t r a n s m itte r  an d  tho se  fo r  the  rece iv e r a re  p re p a re d  b y  
c ry s ta l-c o n tro lled  circu its.

To re n d e r  th e  recep tio n  as  free  from  in te rfe ren ce  as  possib le , 
a  double  su p e rh e te ro d y n e  re c e iv e r h as  been  a d o p te d ; it  has 
been  a tte m p te d  to  minimize th e  r isk  of p e n e tra tio n  of u n w a n te d  
signals  by  generous fd tering , espec ia lly  in the  tw o  I .F .  s tag es .

T he — w hip  a e r ia l  can  be connected  to  th e  P o rto p h o n e  se t

e ith e r  d ire c tly  o r by  m eans of a 60-ohm  coax ia l cab le . I t  is 
a lso  possib le  to  w o rk  w ith  a  2 -w ire  line because  an  e x tra  
240-ohm  o u tp u t is p rov ided .

t h i s  P o r to p h o n e  p e r m i t s  s im plex  w o r k i n g  a t  one f r e q u e n c y  
p e r  c h a n n e l  a s  w e l l  a s  r e s t r i c t e d  d u p le x  w o r k i n g  a t  a  p a i r  o f  
f re q u e n c ie s  p e r  ch a n n e l .

6.2.3. M e c h a n i c a l  d e s i g n .

In  th e  design of the  P o rto p h o n e  fu ll a t te n tio n  w a s  given to  
th e  specific cond itions in w hich  th is  t ra n s m itte r  re c e iv e r se t 
w ou ld  be used. The p ilo t should  ta k e  it  w ith  him w hen w e a th e r  
cond itions m ake th is  n ecessa ry . A few  of th e  p rin c ip a l fe a tu re s  are:
a. red u ced  size an d  w e ig h t ( tra n s is to rs ! )
b. r e s i s t a n t  to  im p a c t
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F ig . 24
P o r to p h o n e  re a d y  fo r  t r a n s p o r t  w ith  a e r ia l o u tle t a n d  co v erin g  fo r lo u d ­

sp e a k e r  c lo sed  a n d  le a th e r  h a n d le  h o o k ed  in.

c. r e s i s t a n t  to  m o is tu re ,  e v e n  s e a - w a t e r
d. v e r y  h igh  r e l i a b i l i ty  (no d u p l ic a t e d  c i rc u i ts ! )
e. e a s y  to  o p e r a te .

T h e  s e t  is a c c o m m o d a te d  in a  b o x  ol p o l y e s t e r  re s in  r e i n ­
f o rc e d  w i t h  g la s s  f a b r ic ;  th e  b o x  is w a t e r - t i g h t .

A s  y o u  w i l l  see  f ro m  Fig. 24, t h e  c o v e r  s u p p o r t s  th e  v a r io u s  
c o n t ro l s  a n d  c o n n e c to r s  a s  w e l l  a s  th e  l o u d s p e a k e r .

2
8

0
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U n it

F ig . 25
P o rto p h o n e  b ro k en  d o w n  in to  m ain  p a r ts .

Fig. 25 show s the  P o rto p h o n e  b ro k en  d ow n  in to  its  m ain 
p a r ts ;  y o u  w ill see a t  once th e  lo ca tio n  o f th e  6 V  n ickel- 
cadm ium  s to ra g e  b a t te ry ,  w hich can be ch arg ed  from  the  sh ip ’s 
m ains w ith o u t th e  need  fo r  rem oval.

F o r  th is  pu rpose  th e re  is a  te rm in a tin g  p rov ision  on th e  cover.
The system  of re a d ily  re p la c e ab le  bu ild ing  b locks h as  been used 

w h e re v e r  possib le , w hich  g re a tly  enhances th e  speed  of servicing.
T he P o rto p h o n e , a s  w ell as  th e  a e r ia l an d  h an d  m icrophone, 

a re  c a rr ie d  in a  can v as case.

Manuscript ontvangen 8 maart 1960





105

BOEKAANKONDIGINGEN

Sedert een aan tal jaren w orden door D over Publications, inc., N ew  Y ork 
goedkope herdrukken uitgegeven van „klassieke” fysische werken.

Ditm aal verschenen:
The theory of Heat Radiation, door M ax Planck (prijs $ 1.50). H et is een 

herdruk van  de Engelse vertaling van de tweede druk die in 1914 verscheen.
Tensors for  circuits, door Gabriel K ron (prijs $ 1.85) .D it boek w erd  oorspron­

kelijk gepubliceerd als „A  short course in T enso r A nalysis for E lectrical 
E ngineers” in 1942. T oegevoegd w erd een lijst van  de overige door G abriel 
K ron geschreven boeken en verhandelingen over dit onderw erp.

Principles of quantum mechanics, door W . V . H ouston (prijs $ 1.85). Het 
betreft hier een herdruk van de in 1951 verschenen eerste editie.

Microwave Transmission, door J. C. S later (prijs $ 1.50). D it boek verscheen 
voor het eerst in 1942. Hoew el de m icrogolftechniek sindsdien een groot aantal 
nieuwe aspecten is gaan vertonen bevat het boek veel w aardevols zodat een her­
druk zeker gerechtvaardigd was.

K.

CONGRESSEN

Non-linear magnetics and magnetic amplifiers Conference 1960, sponsored by 
AIEE and IRE.

E r w ord t ter kennis van  belangstellenden gebracht, dat bovengenoemde con­
ferentie gehouden zal w orden van  26 t/m 28 oktober 1960 in Philadelphia.

D e conferentie is verdeeld in 3 secties met als onderw erpen
a. com puter m agnetics (m em ory components, logic elements, etc.);
b. combined sem iconductor and non-linear m agnetic devices;
c. theory, design and applications of m agnetic amplifiers.

De voorzitter van  het „Technical P rogram ” is M r. D avid  Katz, Bell Telephone 
Lab. Inc., W h ip p an y , N ew  Jersey.

Société des Radioelectriciens.

Deze organisatie zal van  20-25 februari 1961 te Parijs een colloquium organ i­
seren met de volgende titel:
„Colloque In ternational sur les dispositifs a  sem iconducteurs”. D it colloquium zal 
sam envallen met de tentoonstelling van  de „Fédération  N ationale des Industries 
E lectrotechniques” .

N adere  inlichtingen zullen t.z.t. verstrekt worden.

Uit het Nederlands Radiogenootschap
VERSLAG VAN DE ALGEM ENE JAARVERGADERING GEHOUDEN  
IN  HET INSTITUTE OF SOCIAL STUD IES TE DEN HAAG  
OP 24 MAART 1960.

V an  het bestuur zijn aanw ezig: Ir. J. J. V orm er (voorzitter), Prof. Dr. Ir. 
J. L. H. Jonker (v ice-voorzitter), Prof. Dr. C. E . M ulders (secretaris), Prof. 
Dr. Ir. J. P. Schouten (penningm eester), Ir. H. T . Hylkem a, Ir. Y. Boxma, Ir. 
P. H . Boukema, Dr. Ir. A. van  W eel.

V erhinderd: Ir. J. J. van  Rijsinge.

D e voorzitter opent te ca. 11.30 uur de vergadering , die in totaal ca. 30 leden 
en bestuursleden telt. D e voorzitter herdenkt ons erelid Prof. Dr. Balth. van  der 
Pol en de eerste secretaris van  het Genootschap, Ir. N ordlohne, die in 1959 
overleden zijn.
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H et jaarverslag  over 1959 w ordt door de secretaris voorgelezen (het is in dit 
nummer gepubliceerd). E r zijn geen opmerkingen.

H et financieel overzicht v an  de penningm eester (eveneens in dit nummer ge- 
publiceerd) w ord t door de vergadering goedgekeurd, alsmede de begroting voor 
1960. De kascommissie, bestaande uit de heren Ir. J. R odrigues de M iranda en Ir. 
T h. ]. W eijers, hebben schriftelijk hun accoord over het gevoerde beleid uitge­
bracht. D e nieuwe kascommissie zal bestaan  uit Ir. T h . ]. W eijers en Prof. Ir. 
D r. J. L. v an  Soest.

A an  de orde komt daarna  de bestuursverkiezing. D oor om standigheden is het 
aan tal m utaties dit jaa r zeer groot, en zoals de heer Bloemsma opm erkt, eigenlijk 
gro ter dan  voor de continuïteit in het beleid gew enst is. De voorzitter stemt hier­
mede in, doch m erkt op dat het aftreden van enige heren aan  bijzondere om stan­
digheden te wijten is, w aartegen men zich moeilijk kan verzetten.

De heer V orm er m erkt nog op, d a t het in de bedoeling ligt een m aximale z it­
tingsduur van de bestuursleden van  6 jaa r in het Huishoudelijk Reglem ent voor 
te schrijven, opdat meer dan in het verleden de functies in het G enootschap kun­
nen circuleren onder de leden. Bij een ledental van  om streeks 500 moet dit mogelijk 
zijn.

De door het bestuur voorgestelde nieuwe bestuursleden w orden bij acclam atie 
door de vergadering  gekozen. De heer V orm er bedankt de aftredende bestuurs­
leden, in de eerste p laats Ir. H ylkem a, die sinds 1952 hoofdredacteur is geweest 
en in deze periode met grote activiteit het tijdschrift door vernieuw de opzet aan ­
trekkelijker heeft gem aakt en het beleid met nauw gezetheid heeft gevoerd. Als 
opvolger van  de heer H ylkem a heet de voorzitter thans de heer Ir. L. Krul in 
het bestuur welkom.

T o t de scheidende vice-voorzitter Prof. Dr. Ir. J. L. H. Jonker, die wegens 
drukke w erkzaam heden moest bedanken, spreekt de heer V orm er bijzondere dank 
uit voor zijn activiteit als voorzitter v an  de S V E N . Prof. Jonker zal het voor­
zitterschap van  de S V E N  nog enige tijd blijven w aarnem en.

H et bestuurslid Ir. Y. Boxma zal als v ice-voorzitter in de plaats van  Prof. 
Jonker treden.

Ir. van  Rijsinge, sinds 1955 een zeer gew aardeerd  m edewerker in het bestuur, 
heeft w egens verandering  van  w erkkring ontslag moeten vragen  uit zijn bestuurs­
functie. Hij w ord t door Ir. Paling opgevolgd.

Ir. V orm er, over zichzelf sprekend, m erkt op dat hij sinds geruime tijd de wens 
had af te treden, d aar hij door drukke werkzaam heden dikwijls niet in de ge­
legenheid w as zoveel aandacht aan  het G enootschap te schenken als hij wenselijk 
achtte. Hij prijs zich gelukkig thans in Ir. J. D. H. van  der T o o rn  een opvolger 
te kunnen begroeten, w aaraan  hij met het grootste vertrouw en zijn functie kan 
overdragen. H et G enootschap w aardeert het bijzonder dat de heer V an  der 
T o o rn  zich voor deze functie beschikbaar heeft gesteld.

De heer V a n  der T o o rn  zegt een enkel w oord van  dank aan  het bestuur en 
de vergadering  voor het vertrouw en dat zij in hem hebben gesteld. H et is met 
groot genoegen dat hij, nadat hij in vorige functies de radio  vooral in de beleids- 
sfeer had  ontmoet, deze thans in de wetenschappelijke sector zal kunnen dienen.

Prof. Schouten bedankt de aftredende voorzitter voor zijn vele en belangrijke 
w erk  in dienst v an  het G enootschap. De heer V orm er is reeds op 10 april 1940 
als penningm eester in het bestuur gekomen en bekleedt het voorzitterschap vanaf 
de 100ste vergadering  op  30 m aart 1951. Prof. Schouten geeft nam ens de 
vergadering , als een van  de oudste fungerende bestuursleden, uiting aan  zijn 
w aardering  voor hetgeen de scheidende voorzitter heeft verricht.

De heer V orm er an tw oord t met een kort wederw oord.
Bestuursm ededelingen. De voorzitter deelt mede, dat de plannen voor een 

tentoonstelling bij gelegenheid van  ons 40-jarig jubileum nu zodanig gewijzigd 
zijn, dat de combinatie met de F ira to  is vervallen. Een expositie v an  bescheidener 
opzet in het Singer-museum  in Laren is thans in voorbereiding. D e jubileum- 
vergadering  en eventueel een diner kunnen in hetzelfde gebouw  en vlak  daarbij 
gehouden worden. De openingsdatum  is vermoedelijk 7 oktober, w aarn a  de ten­
toonstelling 14 dagen geopend blijft.

D e  voorzitter doet enige mededelingen over de kortgeleden opgerichte Benelux- 
sectie v an  het Institute of R adio Engineers. D e heer Ir. R inia is h iervan  voor­
zitter. W ederzijdse introductie met ons G enootschap op vergaderingen is mogelijk. 
O p  25 april w ord t een gecom bineerde vergadering  gehouden.
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R ondvraag. De heer Bloemsma v ra ag t hoeveel candidaten aan  het examen 
radioelektronicus hebben deelgenomen.

D e heer Boukema deelt mede, dat aan  het le  gedeelte voor dit exam en in 
januari 1960, 15 candidaten hebben deelgenomen; h iervan w erden bij het schrif- 
telijk gedeelte 7 afgewezen. Uiteindelijk slaagden na het m ondelinge gedeelte 
5 candidaten.

D e heer V a n  W ee l m erkt op, dat vrijwel alle candidaten uit E indhoven kw a­
men, w aar op de H .T .S . een cursus w ord t gegeven. T h an s  blijkt, dat men daar 
ook een schoolexamen zal gaan afnemen, w aardoor veel cursisten niet bij het 
N .R .G . zijn gekomen.

D e heer Boukema spreekt de vrees uit, dat nu, evenals bij het examen televisie- 
technicus, de animo ook voor dit examen zo gering zal blijken, dat de eraan  
bestede moeite niet beloond zal worden. De heer V an  W ee l verdedigt de doel­
m atigheid van  het exam en N .R .G . voor radioelektronicus, de heer Bloemsma 
staat er sceptisch tegenover.

D e heer V a n  Slooten pleit voor een zakelijke stijl in de rubriek personalia. 
Prof. Schouten pleit voor uitbreiding v an  deze rubriek met foto’s en levens­
schetsen v an  auteurs in het tijdschrift. De heer H ylkem a deelt mede, dat hem 
gebleken is, dat de rubriek personalia zeer gew aardeerd  w ordt, m aar k laag t over 
de geringe informatie, die door de leden verstrekt w ordt. T o ch  moet de hoofd­
redacteur h ier zijn bronnen vinden. Spreker pleit voor meer belangstelling voor 
het G enootschap, speciaal onder de jonge leden.

T e  ca. 12.30 uur sluit de voorzitter de vergadering.

JAARVERSLAG VAN DE SECRETARIS OVER 1959.

In het verslag jaar w erden de volgende vergaderingen gehouden:

5 februari
Gem eenschappelijke vergadering  met de Geluidstichting te H ilversum. O nder­

w erp: Stereofonie. Sprekers: Prof. Dr. J. F . Schouten, Ir. N . V . Franssen, Dr. 
Ir. J. J. Geluk, J. L. O om s en Ir. J. B. S. M. Kerstens.

E r  w aren ca. 100 toehoorders.

11 maart
139e zitting, tevens Algemene Jaarvergadering . De ochtendzitting w erd met 

ca. 20 deelnemers zeer slecht bezocht. De m iddagzitting w as gewijd aan  de be­
spreking van  enige problem en betreffende ionosfeeronderzoek en de radio-astro- 
nomie. Sprekers: Ir. F . R. N eubauer, D rs. A. D. Fokker, D rs. L. D. de Feiter. 

Ca. 50 deelnemers.

25 juni
140e zitting, tevens bezoek aan  de N .V . Philips Telecom m unicatie-industrie te 

Huizen. Sprekers: Ir. R. S. H. Hylkem a, Ir. J. J. van  Rijsinge, Ir. J. G. M. 
Seppen, Ir. H . A. Teunissen, Ir. A. A. Potjer, Ir. G. Rosier.

E r w aren ruim 100 deelnemers.

24 september
141e zitting, tevens bezoek aan  V an  der Heem N .V . te Den H aag. Sprekers: 

D rs. C. A. A. van  Luttervelt, W . A. van W aasd ijk , Ir. C. Dullemond, Ir. J. de 
Meij, J. A. G. van  E verdingen, Ir. A. B. Idzerda.

A antal deelnemers ca. 130.

18 en 26 november
T w eedaags symposium in sam enwerking met de sectie voor Telecom m unicatie­

techniek van  het K .I.v.I., gehouden in Delft. O nderw erp: Filtersynthese, gebaseerd 
op het gebruik van  functies met een complexe variabele. Sprekers: Prof. Dr. Ir. 
W . T h. Bahler, Ir. W . Nijenhuis, Ir. W . M ilort, Ir. A. Fettweis.

A antal deelnem ers ca. 80.
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H et bestuur vergaderde 3 maal. O p  de Algemene Jaarvergadering  w erden de 
heren Boukema, M ulders, V a n  Rij singe, V orm er en V a n  W ee l als bestuurslid 
herkozen.

H et tijdschrift bevatte  verslagen v an  voordrachten  en op zichzelf staande a r ­
tikelen, alsmede genootschapsm ededelingen, personalia, boekbesprekingen e.d. De 
24e jaargang bevat 390 pag in a’s. D e heer Ir. H . T . H ylkem a gaf de w ens te 
kennen, na vele jaren het hoofdredacteurschap te hebben w aargenom en, deze 
functie neer te leggen. Hij w erd  opgevolgd door Ir. L. Krul.

A an  de exam ens voor radiotechnicus en -m onteur werd, met inbegrip v an  her- 
exam encandidaten, door resp. 472 en 563 candidaten deelgenomen (vorig jaar 
resp. 408 en 501). H iervan  slaagden resp. 120 en 193 candidaten =  resp. 2 5 %  
en 34 % . H et exam en voor televisietechnicus w erd alleen in het v o o rjaa r afge­
nomen. V an  de drie candidaten slaagde er een. A an  één candidaat w erd  de 
W E R A -exam enprijs voor een uitzonderlijk goed exam en radiotechnicus toegekend.

De S V E N  — Stichting to t bevordering van  het elektronisch vakonderw ijs in 
N ederland •— w aarin  ons G enootschap, samen met de V E V  een belangrijke rol 
speelt, kan  op een succesvol jaa r terugzien. H et jaarverslag  v an  de Stichting 
zal in het tijdschrift w orden opgenomen. O nze verdere relaties met de V E V  
w aren  eveneens aangenaam  en vruchtbaar.

H et aantal leden van  het G enootschap per 1 januari 1960 bedraag t volgens 
de ledenlijst van  die datum  470, het vorig jaa r 462. De groei van  het ledenaantal 
w as in het verslag jaar aanm erkelijk m inder dan in vorige jaren. W ij m ogen even­
wel op goede gronden verw achten  dat dit slechts een tijdelijke stagnatie  in de 
groei v an  ons G enootschap betekent.

UIT HET JAARVERSLAG V AN  DE PEN N ING M EESTER  OVER 1959.

Ontvangsten

De contributies van  de leden zijn ook dit jaa r w eder vlo t binnengekomen. 
Enkele leden zijn een p a a r m aal aangeschreven, doch dit behoorde to t de uit­
zonderingen. Alle leden hebben inmiddels hun contributie betaald  op een drie­
tal na.

In  het aan tal donateurs is ook dit jaa r  geen wijziging gekomen, zodat het 
totaalbedrag aan  donaties w eder ƒ 2.230,— bedroeg.

In de loop van  het jaar is een fonds aangekocht ten  bedrage van  ƒ 1.000,— 
4J/2% B ank van  N ed. Gem eenten 1958.

De opbrengst van  de coupons bedroeg ƒ 263,—.
O ok dit jaa r is regelm atig het saldo van  de girorekening overgeschreven op 

de B ankrekening, w aardoor een rente van  ƒ 233,95 is gekweekt.

Uitgaven

G edurende dit jaa r  zijn de rekeningen van  het tijdschrift over het jaa r 1958 
van  de drukker ontvangen, zomede over 3 nummers v an  het jaa r  1959.

Gedurende dit jaa r is één prijs van  ƒ 100,— van het W era -fo n d s uitgereikt.
A an  honoraria  is een to taalbedrag  v an  ƒ 1.430,— uitgekeerd, hetw elk iets 

boven het geraam de bedrag ligt.

Reserveringen

V o o r de nog te betalen num mers v an  het tijdschrift over het jaa r 1959 is een 
bedrag van  ƒ 3.000,— gereserveerd.

V o o r het Jubileum -fonds is een bedrag v an  ƒ 1.000.— gereserveerd.
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Inkomsten en uitgaven over 1959

Inkomsten
G eschat Uitkom st

Uitgaven
Geschat Uitkom st

C ontributies . . ƒ 9 2 4 0 , -  ƒ 9 1 5 5 , - T ijdschrift '58 . ƒ4018,91
D onaties . . „ 2230,— „ 2230,— T ijdschrift '59 . ƒ 6000,— ., 4454,98
O pbr. coupons . „ 250,— „ 263,— Onk. Bestuur . „ 3 0 0 , - „ 350,88
Rente 1958 „ 2 5 0 , -  „ 233,95 O nk. Sprekers . ,, 4 0 0 , - „ 79,10
W era  Eonds „ 1 0 0 ,- O nk. Red.Comm. ,, 3 0 0 , - „ 7 5 , -
O verdrukken . . „ 119,60 Z aa lh u u r 2 0 0 , - ., 6 0 , -
Lunches . „ 2 3 8 , - Adm .kosten . . 3 0 0 , - „ 3 0 0 , -
D iversen . . 5,23 Klein drukw erk 4 5 0 , - „ 264,95
G ereserveerd V .E .V . Contr. . „ 4 0 , - „ 2 5 , -

tijdschrift . . „ 6 0 0 0 ,- W e ra  Fonds . ,, 400,— „ 1 0 0 ,-
H onoraria  . 1 2 0 0 ,- ,. 1430,—
Lunches . . . ,, 3 0 0 , - „ 398,60
Bankkosten . . „ 16,74
D iversen . . „ 330,18
A ankoop effecten „ 979,18

ƒ 12883,52
Nog te betalen:
Tijdschrift . . ƒ 3000,—

Te reserveren: 
Jubileum fonds ,, 1 0 0 0 ,- „ 4 0 0 0 ,-

ƒ 16883,52
V oordelig saldo „ 1461,26

ƒ 18344,78 ƒ 18344,78

Begroting voor I960

Inkomsten Uitgaven

C ontributies . . . .  ƒ 9 2 4 0 , - T ijdschrift . . . ƒ 6 0 0 0 ,-
D onaties .........................  2 2 3 0 ,- O nkosten Bestuur „ 300,—
O pbr. coupons . . . . . .  2 6 0 , - O nkosten Sprekers „ 400,—
Rente .........................  2 4 0 , - O nkosten Red.Commissie „ 3 0 0 , -
N adelig saldo .........................  220,— Z aa lh u u r . „ 2 0 0 , -

Adm. kosten . „ 3 0 0 , -
Klein drukw erk . „ 450,—
Kosten O pl. V .E .V . . . „ 4 0 , -
Prijzen W e ra  Fonds . „ 400,—
H on. Publ. tijdschrift . „ 1500,—
Lunches „ 300,—
Excursies . „ 5 0 0 , -
Jubileum Fonds . „ 1000,—
D iversen . „ 500,—

ƒ 12190, — ƒ 12190,—

E venals voor het jaa r  1959 is de on tvangst aan  contributies geschat op 
ƒ 9 .2 4 0 ,- .

D e donaties zijn w eder geraam d op ƒ 2.230,—.
D e kosten van  het tijdschrift zullen n aar schatting w eder ƒ 6.000,— bedragen.
A angezien is gebleken d a t het uitgetrokken bedrag voor honoraria  voor publi­

caties in het jaa r  1959 is overschreden, is voor dit jaa r een bedrag groot 
ƒ 1.500,— uitgetrokken.
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Kapitaal N.R.G.

H et kapitaal van  het N .R .G . is gestegen van  ƒ8.472,83 to t ƒ 11.008,59.

Balans per 31 december 1959

Debet Credit

Saldo girorekening . ƒ 1191,15 K apitaal N .R .G ..................... ƒ 11008,59
Saldo bankrekening „ 10932,50 K apitaal U .R .S .I. . „ 4380,07
E f f e c te n ................................. „ 8465,01 R eserve jubileum . . . „ 1 2 0 0 ,-
P.M . Instrum enten . t» -—v — '

P.M . oude tijdschriften . ,, Nog te betalen:
Rek. T ijdschrift . . . . „ 3 0 0 0 ,-
Res. Jubileum . . . . ., 1 0 0 0 ,-

ƒ 20588,66 ƒ 20588,66

Staat van ontvangsten en uitgaven Examencommissie over 1959

Ontvangsten Uitgaven

E xam engelden v o o rjaa r . ƒ 22.040,— V acatiegelden . . . . ƒ 9.095,62
Exam engelden n a jaar „ 1 9 .0 1 5 ,- Reis- en verblijfkosten „ 5.514,78
Rente spaarbank  . „ 6 5 7 , - Z a a lh u u r .............................. „ 2.825,90
V erkoop  uitgew erkte V erbruiksartikelen  . . „ 1.386,79

exam enopgaven . „ 393,— M eubilair, instrum enten
D iv e r s e n .............................. „ 51,20 gereedschappen . „ 369,46

O nderhoud idem . „ 668,08
D ru k w e rk ............................. „ 1.502,87
P o r t i .................................... „ 959,21
Telefoon, telegram m en . 35,44
K antoorbehoeften . 
Sam enstellen exam en-

„ 484,09

opgaven  ........................ „ 1 .1 5 0 ,-
C o rre c tie w e rk ..................... „ 4 .4 2 5 ,-
Salaris adm inistrateur . ., 2 .5 0 0 ,-
Publicatie exam enopgaven 
T erugbetaling  exam en-

„ 258,88

g e ld e n .............................. „ 469,75
D iv e r s e n .............................. 99,34

ƒ31,745,21
V oordelig  saldo „ 10.410,99

ƒ42.156,20 ƒ42.156,20

Balans Examencommissie per 31 december 1959

Debet

Saldo g i r o ........................ƒ 1.237,44
Saldo N utsspaarbank  . . „ 24,953,04
Saldo kas (incl. zegels enz.) ,, 758,75
In stru m en ten ..............................  107,—
M eubilair, kantoorm achines ,, 2.865,45 
G ereedschappen ...................  593,79

ƒ 30.515,47

Credit

K a p i t a a l ...............................ƒ30.515,47

ƒ30.515,47
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Ontvangsten

E venals vorig jaar, bedroegen ook in 1959 de donaties w eder ƒ 2.350,—. 

Uitgaven

D e contributie bedroeg dit jaa r ƒ 1.893,34 terwijl aan  onkosten een bedrag van 
ƒ 12,02 w erd  uitbetaald.

Kapitaal U.R.S.I.

H et kapitaal van  de U .R .S .I. is gestegen v an  ƒ 3.935,43 to t ƒ 4.380,07.

N IEU W E LED EN

G. A. Bus, Larenseweg 120, Hilversum.
Ir. J. H . Geels, M elis S tokelaan 2246, D en H aag .
Ir. C . de Jong, de GenesteÜaan 3, V oorburg .
Ir. S. Kukler, B eresteynstraat 3, V oorschoten.
Ir. M. J. L aarakker, O ude Am ersfoortsew eg 283, Hilversum.
Ir. W . M ilort, C elsiuslaan 28, H ilversum.
Ir. J. M ulder, N icolaas B eetsstraat 128, Amsterdam.
Ir. R. van  R aam sdonk, D oornstraat 16, Scheveningen.
A. G. Robeer, Bosboom T oussa in tlaan  73, Hilversum.
Ir. P. Stam, A nninksw eg 96, Hengelo.
Ir. W . J. D. S teenaart, 14 G reenw ood D rive, M illington, N ew  Jersey, U .S.A . 
Ir. J. M. M . V eldstra, O ude Am ersfoortsew eg 269, Hilversum.
D r. Ir. M. T . V laardingerbroek, B ergm anstraat 83, E indhoven.

VOORGESTELDE LEDEN

R. de R oo van  A lderw erelt, G ouverneurkade 5, V oorburg  (S tandard-E lectric). 
Ir. W . Herstel, K agerstraat 16, Leiden (R.U. Leiden).
Ir. C. van  Schooneveld, Parad ijsstraat 35, V oorburg  (R V O -T N O ).

N IEU W E A D R E SSE N  V AN  LED EN

P. R. Dijksterhuis, Ju lianalaan 3C4, Bilthoven.
Ir. B. van  Dijl, B urchtlaan 15, W assen aar.
J. A. Greefkes, C hopinlaan 51, E indhoven.
îr . B. T . Jürgens, 1158 José Ingeniéros, O livos Buenos Aires.
Ir. J. C . de M unck, v an  A ldem ondestraat 198, D elft (correctie).
A. J. M . W . v. O verbeek, Pauw laan  5, E indhoven.
F. J. Soede, p/a M ission de L ’assistance technique, O rganisation  de l’A viation 

C ivile Internationale. R A B A T-C hellah, Boite Postale 525 M A R O C .
Ir. L. G. W ubben , Jan v. E y ckgrach t 193, E indhoven.
Ir. J. K. Zuidw eg, D r. K uyperstraat 22, Z andvoort.

Dit nummer werd gedrukt op 19 mei 1960.


