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Introduction

T he ta s k  of th e  D r . N e h e r  L a b o ra to ry  as  c e n tra l la b o ra to ry  
o f the  N e th e r la n d s  P o s ta l  an d  T elecom m unications S erv ices is 
to  p e rfo rm  th e  deve lopm en t w o rk  on b e h a lf  ot the  v a rio u s  b ran ch es 
of P T  f , an d  to  do re sea rch  w o rk  in som e lim ited  fields.

In  th e  p re se n t age of re v o lu tio n a ry  p ro g re ss  in techn ics and  
science, w e should  of course  en d eav o u r in the  in te re s t  of the 
r a p id ly  ex pand ing  serv ices, to  recognize th e  fu tu re  tre n d  of 
techn ica l and  scientific developm ent.

T h e re fo re  i t  is an  im p o rta n t fe a tu re  of th e  la b o ra to ry 7̂  ta s k  
to  fo llow  an d  s tu d y  th ese  new  dev e lo p m en ts  a n d  to  keep  in view  
the  p o ss ib ility  of ap p ly in g  new  w o rk in g -m eth o d s in the  P o s ta l 
an d  T elecom m unications S e rv ices  w ith  its  m any asp ec ts . M a n y  
an d  v a rio u s indeed , fo r  th e y  com prise i.a. te lephony , te le g ra p h y  
an d  te lex , b o th  w ith  re g a rd  to  tran sm iss io n  v ia c a r r ie r  cab les 
o r  v ia  rad io , an d  w ith  re g a rd  to  sw itch in g  tech n iq u es an d  eq u ip 
m ent. T he m any  p ro b lem s to  be d e a lt  w ith  re fe r  to  equ ipm en t 
fo r ra d io  b ro a d c a s tin g  an d  te lev ision , to  p o s ta l m echan isa tion , 
to  th e  in tro d u c tio n  of au to m atio n  in the  P o s ta l  C heque and  
C le a rin g  S erv ice, an d  to  th e  use of com pu ters lo r  d a ta  p ro 
cessing. I t  is c le a r  th a t  sy stem  engineering , too , form s a  field 
of ac tio n  fo r  the  L a b o ra to ry .

W ith  a  lim ited  scientific s ta f f  th e  L a b o ra to ry  tr ie s  to  ac 
com plish a ll th ese  ta sk s  to  th e  b e s t o f th e ir  ab ilitie s  an d  it  is 
g ra tify in g  to  no te  th a t  the p re s e n t issue of the  ’ T ijd sch rift van 
h e t N  e d e rla n d s  R a d io g en o o tsch ap ” has en tire ty  been devo ted  
to  co n tr ib u tio n s  of some of th e  L a b o ra to ry ’s staff. I hope th a t  
th e se  a r tic le s  w ill give the  r e a d e rs  an in sigh t in to  the  w o rk  
done a t  the  D r . N e h e r  L a b o ra to ry  an d  m ake them  in te re s te d  in it. 
T he H ag u e , O c to b e r  1957.

D ire c to r  G e n e ra l o f  th e  N e th e r la n d s  P T T .
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M a q u e tte  P T T  la b o ra to r ie s  a t  L e id sch en d am .

T h e  in te r io r  o f  th e  r ig h t-h a n d  h a ll sh o w in g  the  w o rk  room s.
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Som e problem s concerning the choice  
o f cable-circuits for te lev ision  transm ission

by A. P. Bolle *)

Summary

In  th is  a r tic le  som e p ro b lem s co n ce rn in g  th e  choice o f  c a b le -c irc u its  fo r  
te lev is ion  tran sm iss io n  a re  d iscu ssed . T y p ic a l a d v a n ta g e s  a n d  d is a d v a n t
ag es o f th e  sy m m etrica l a n d  a sy m m e tric a l c ircu its  in  re la tio n  to  te lev is ion  
tran sm iss io n  a re  sh o w n .

T h e  re su lts  o f  th ese  co n sid e ra tio n s  a re  a p p lie d  to th e  d iffe ren t p o ss ib ili
ties o f  te lev is ion  tran sm iss io n  system s.

1. Introduction.
I t  can  be show n, th a t  fo r  th e  te lev is io n  system  (625 lines, 

25 p ic tu re s  p e r  second) ap p lied  in  th e  N e th e r la n d s  an d  a lso  
in m any  o th e r  co u n trie s , th e  h ig h est freq u en cy  am oun ts to  a b o u t 
5 M c/s . T he lo w e s t freq u en cy  is 25 c/s, a p a r t  from  th e  dc- 
com ponen t in th e  signal, w h ich  com ponen t can  be re -a d d e d  to  
th e  signal a t  an  a r b i t r a r y  p o in t in th e  chain  b e tw een  cam era  
an d  rece iv e r.

D u e  to  th is  la rg e  re la tiv e  b a n d w id th  (25 c/s — 5 M c/s) high 
dem ands a re  m ade on th e  tran sm iss io n  m edium , esp ec ia lly  if  a  
cab le  is chosen  as such. F o r  th e  freq u en cy  b an d  w hich  can be 
u sed  on cab les  u su a lly  lies u n d e r  12 M c/s , (ex cep t in the  case 
of v e ry  s h o r t  connections, w hich  a re  n o t d e a lt  w ith  here), 
b ecau se  o f th e  fa c t th a t  th e  a tte n u a tio n  of a  cab le  e x p re ssed  
in d B  in c reases  a t  le a s t  w ith  th e  sq u a re  ro o t o f the  frequency . T his 
m eans th a t  on cab les  a te lev ision  signal can  be se n t e ith e r  as 
a  v ideo-signal (i.e. u n m o d u la ted  25 c/s —5 M c/s), o r  am plitu d e- 
m odu la ted  on a  c a r r ie r  th e  freq u en cy  of w hich  h as  been  chosen 
in such a  w a y  th a t  b o th  s id eb an d s  o r  one com plete s id eb an d  
an d  one v estig ia l s id eb an d  a re  u n d e r  12 M c/s . E v en  in th e  second 
case  th e  re la tiv e  b a n d w id th  is la rg e . W i th  ra d io -tra n sm iss io n  
th e re  a re  fe w e r  difficulties in  th is  re sp ec t, b ecau se  o f th e  fa c t 
th a t  h ig h er freq u en cy -b an d s  can  be chosen. A s a  re su lt, th e

) T ran sm iss io n  B ran ch .
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re la tiv e  b a n d w id th  is f a r  sm alle r th a n  in th e  case of cab le- 
tran sm issio n . In  som e cases  a  h ig h er freq u en cy -b an d  is chosen 
even on cab les , in o rd e r  to  o b ta in  a  sim ple m od u la tin g  a p p a 
ra tu s  an d  a  less la rg e  re la tiv e  b a n d w id th .

2. Transmission requirements.

T he tran sm iss io n  req u irem en ts  w hich  m ust be m et can  be 
d e riv ed  from  th e  fa c t  th a t  fo r  a  good p ic tu re -q u a lity  it  is 
n ecessa ry  th a t  th e  tim e-d ep en d en cy  of th e  o u tp u t-s ig n a l shou ld  
a p p ro x im a te  th e  tim e-dependency  of th e  in p u t-s ig n a l o f th e  
transm ission-m edium . F rom  th is  it  fo llow s th a t  th e  p h a se -f re 
quency  c h a ra c te r is tic  p la y s  as im p o r ta n t a  ro le  as  th e  a t te n u 
a tio n -fre q u e n cy  c h a ra c te r is tic . T h is is in c o n tra s t  w ith  te lep h o n e- 
tran sm issio n  p rac tice . In s te a d  o f d esc rib in g  th e  tran sm issio n  
p ro p e r tie s  w ith  th e  a id  of th e  abo v e-m en tio n ed  tw o  c h a ra c te r 
istics, i t  is a lso  possib le  to  do so by  m eans o f th e  so -ca lled  
p u lse -resp o n se  o r  w av e-fo rm  resp o n se . B o th  m ethods a re  id e n ti
cal, a s  is w ell know n , b u t  since the  te lev is io n -sig n a l i ts e lf  con
s is ts  of a  g re a t  n u m b er o f successive v o ltag e -s tep s , co rresp o n d in g  
to  v a ria tio n s  in luc id ity , th e  la s t  m ethod  is a d v a n ta g e o u s  in 
th a t  it  gives m ore d ire c t in fo rm atio n  a b o u t th e  b e h a v io u r o f 
th e  transm ission-m edium . T he C .C .I .T .T . has fo rm u la ted  a  n um ber 
of p ro v is io n a l req u irem en ts  fo r  th e  tran sm iss io n  c h a ra c te r is tic s  
a s  w e ll as fo r  th e  w av e-fo rm -resp o n se  [1 ].

I t  is im p o r ta n t th a t  th e  cab le  used  shou ld  have  a  good im
p ed an ce  re g u la r ity . T he re s u lt  of to o  la rg e  an  im pedance i r 
re g u la r ity  is, th a t  a f te r  re c e p tio n  of th e  w a n te d  (p r im a ry )  
signal a  m ore o r  less g re a t  n u m b er of se c o n d a ry  signals (G e rm an  : 
MitfLuss, D u tc h : n asleep ) a re  received  w hich  cause  th e  so 
annoy ing  m ultip le  p ic tu re s  (ghosts). T he C .C .I .T .T . basing  itse lf  
on the  w o rk  of K  a  d  e n [2] an d  F  u c h s [3] h as  fo rm u la te d  th e  
re q u ire m e n ts  fo r  th e  im pedance re g u la r i ty  w hich  can be checked  
e ith e r  b y  s te a d y -s ta te  m easu rem en ts  o r  b y  pu lse  m easu re 
m ents [1], B ased  on th e  sam e phenom enon  th e re  is a lso  a  r e 
q u irem en t fo r  th e  m inim al adm issib le  r e tu rn  loss b e tw e e n  th e  
cab le-im pedance  a n d  th e  in p u t an d  o u tp u t im pedance of r e p e a te rs .

I t  is e v id e n t th a t  th e re  is a lso  a  re q u ire m e n t fo r  th e  signal- 
to -no ise  r a t io ;  as w ell fo r  con tinuous ran d o m  noise as  fo r  
perio d ic  noise [1].

A ll th e  C .C .I .T .T . p ro v is io n a l re q u ire m e n ts  a re  given fo r  a  
2500 km  in te rn a tio n a l h y p o th e tic a l re fe ren ce  c ircu it fo r  te lev ision
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tran sm issio n . T ill now  only l i ttle  experience  h as  b een  gained  
as re g a rd s  th e  co n trib u tio n s  m ade by  each  of th e  c o n s titu e n t 
p a r ts  of th e  re fe ren ce  c ircu it to  th e  to ta l  adm issib le  d ev ia tio n  
from  th e  id e a l case.

3. Possible cable circuits

T h ere  a re  tw o  so r ts  o f c ircu its; n am ely  th e  sy m m etrica l an d  
th e  asy m m etrica l c ircu its. A  c ircu it is sym m etrica l w hen  b o th  
co n d u c to rs  have  th e  sam e e le c tr ic a l p o sitio n  w ith  re sp e c t to  
e a r th . In  th e  m any form s of te lep h o n e  cab les  a  m ore o r less 
g re a t  n u m b er of sy m m etrica l p a irs  a re  p re se n t. T he p h an to m  
c ircu it w hich  can  be m ade from  tw o  sy m m etrica l p a irs  (th e  
side c ircu its) w hen  th ese  p a irs  to g e th e r  form  a  q u a d -s tru c tu re , 
is a lso  a  possib le  sy m m etrica l c ircu it fo r  the  tran sm iss io n  of 
te lev ision  signals. In  m ost cases th e se  c ircu its  a re  p a p e r-in su la te d . 
D u e  to  the  losses in th e  p a p e r , the  r a te  a t  w hich  th e  a t te n u 
a tio n  of th e  c ircu it in c rea se s  is m ore th a n  p ro p o r tio n a l to  the  
sq u are  ro o t  of th e  frequency . O f  la te  a  cab le  ty p e  w ith  a  
b e t te r  s o r t  of in su la tio n  m a te r ia l (e.g. p o ly -e th y len e ) h as  come 
in to  use. In  such cab les  th e  a t te n u a tio n  in c reases  p ro p o rtio n a l 
to  th e  sq u a re  ro o t o f th e  freq u en cy  as a  re s u lt  of th e  fa c t 
th a t  th e  lo sses occur p ra c tic a lly  exclusively  in th e  co n d u c to r 
m a te ria l. T h is is a g re a t  a d v a n ta g e , esp ec ia lly  w h en  th ese  
cab les  a re  used  fo r  high freq u en c ies  (e.g. te lev ision  tran sm issio n ). 
T h e re  is l i ttle  to  be  sa id  a b o u t th e  im pedance re g u la r i ty  o f th e  
sy m m etrica l c ircu it. I t  is re a so n a b le  to  suppose  th a t  w ith  cab les 
hav ing  p la s tic  in su la tio n  th e  im pedance re g u la r ity  is g re a te r  
th a n  w ith  th o se  hav ing  p ap e r-in su la tio n , b ecau se  of th e  b e t te r  
g eom etrica l co n stru c tio n . F o r  sh o r t  d is tan ces  th e  req u irem en ts  
becom e less s tr in g e n t. I t  is possib le  th a t  even th e  o ld e r p a p e r-  
in su la te d  c ircu its  give s a t is fa c to ry  re su lts  in th o se  cases.

T he coax ia l c ircu it is th e  m o st u sed  a sy m m etrica l c ircu it. 
T h e re  a re  tw o  ty p e s , one w ith  so lid  in su la tio n  (p o ly -e th y len e) 
a n d  one a ir- in su la ted . F o r  b o th  ty p e s  th e  a tte n u a tio n  in c reases  
p ro p o r tio n a l to  th e  sq u a re  ro o t  o f th e  frequency . T he im pe
dance  re g u la r ity  of th e  l a t t e r  ty p e  is b e t te r  th a n  th a t  o f the  
first. If a  co ax ia l c ircu it w ith  solid  d ie lec tricum  fo r  v e ry  long 
d is tan ces  is u sed  fo r  te lev ision  tran sm iss io n , som e difficulties 
m ay  a rise . A s a  ru le  se v e ra l coax ia l p a irs  a re  co v ered  b y  one 
sh e a th  ju s t  as w ith  sy m m etrica l c ircu its .

E a c h  of th e  tw o  c ircu its  (sym m etric  a n d  coax ia l) h a s  its  ow n 
specific a d v a n ta g e s  a n d  d isad v a n ta g e s .
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T he a d v a n ta g e  o f th e  sy m m etrica l c ircu it is th a t  i t  is m ore 
in sen sitiv e  to  a sy m m e tric a l in te rfe re n ce  from  o u tside  (m ains 
hum , s tro n g  tra n s m itte rs ) .  S m all d is tu rb a n c e s  in th e  sym m etry  
give rise  to  th e  p e n e tra tio n  of th e  in te rfe ren ce  in to  th e  w a n te d  
signal. A  d isa d v a n ta g e  o f sym m etrica l c ircu its  is th a t  th e y  in 
fluence each  o th e r  (c ro s s ta lk )  e sp ec ia lly  a t  h igh freq u en c ies  w hen  
th e re  is no screen . A s a  ru le  th e  c ro s s ta lk  in c rea se s  w ith  the  
freq u en cy . T h e re  a re  com pensation  m eth o d s, w h ich  a re , h o w 
ever, n e v e r p e rfec t. A s a  m a tte r  o f f a c t  th e  c ro s s ta lk  d e te rm in es 
th e  h ig h e s t ad m issib le  freq u en cy  on sy m m etrica l c ircu its . A s a 
ru le , fo r  th e  successfu l ap p lic a tio n  of sym m etrical! c ircu its  a t  
high freq u en c ies  i t  w ill be n e c e ssa ry  to  m ake a  sufficiently  good 
screen  a ro u n d  each  sy m m etrica l p a ir . N a tu ra l ly , th is  is n o t 
w ith o u t influence on th e  a t te n u a tio n  an d  th e  price .

W i th  th e  p h an to m -c ircu its  th e  cond itions a re  m ore fav o u rab le . 
T he co n stru c tio n  of th e  q u ad  being  id ea l, the  e x te rn a l field of 
thejj p h an to m -c ircu it is v e ry  sm all. A s a  r e s u lt  th e  c ro s s ta lk  
b e tw e e n  p h an to m -c ircu its  w ill be less th a n  w ith  th e  side-c ircu its . 
U n d e r th e se  id ea l cond itions th e  screen ing  can  be om itted . The 
q u a d  configuration , h o w ev er, is n e v e r p e rfe c t. T he d ev ia tio n  
from  th e  id ea l co n stru c tio n  is la rg e r  as th e  co n d u c to r d iam e te rs  
a re  sm alle r a n d  it  is la rg e r  in p a p e r- in su la te d  cab les th a n  in 
p o ly -e th y len e -in su la ted  cab les . T he a d v a n ta g e  of th e  phan tom - 
c ircu its  is com plete , w h en  no use is m ade o f th e  side-c ircu its . 
T he c ro ss ta lk  b e tw e e n  th e  s id e-c ircu its  an d  “ th e ir"  phan tom - 
c ircu it is fa ir ly  la rg e , w h e re a s  th e  com bined  use o f th e  side- 
c ircu its  a n d  p h an to m -c ircu its  m akes th e  p resen ce  of co m plica ted  
p ro v isions n ecessa ry , e sp ec ia lly  a t  high frequenc ies .

T he a d v a n ta g e  o f th e  co ax ia l p a ir s  is th a t  th e  c ro ss ta lk  
d e c re a se s  w ith  th e  fre q u e n c y  b ecau se  of th e  fa c t  th a t  th e  o u te r  
co n d u c to r a c ts  as  a  sc reen . A t lo w e r freq u en c ies  (be low  say , 
lO O kc/s) th e  screen ing  becom es insufficient a s  a  ru le . T he use 
o f a  co ax ia l p a ir  fo r  th o se  freq u en c ies  m ay be d an g e ro u s . The 
sam e ho lds w ith  r e s p e c t to  th e  p e n e tra tio n  of asy m m etrica l 
in te rfe re n ce s . T hese  p henom ena  can  be re d u c e d  to  a  m ore o r 
less la rg e  e x te n t by  m aking  an  a d d itio n a l sc reen  o r  b y  p re v e n t
ing th e  flow ing of c u rre n ts , induced  from  th e  o u tside , in to  the  
o u te r  co n d u c to r. T h ese  c u rre n ts  cause  a  v o ltag e  d ro p  on the  
inside o f th e  o u te r  co n d u c to r, esp ec ia lly  a t  low  frequencies . 
A s a  r e s u lt  a  c u rre n t a r ise s  in th e  co ax ia l c ircu it, w h ich  c u rre n t 
c a n n o t be  s e p a ra te d  from  th e  w a n te d  signal. T he flow ing of 
th e  ab o v e-m en tio n ed  c u rre n ts  can  be p re v e n te d  to  a  m ore  o r
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less la rg e  e x te n t b y  in se rtin g  a  high im pedance in to  th e  o u te r  
co nduc to r. H o w e v e r, th is  high im pedance shou ld  n o t be  p re se n t 
fo r  th e  w a n te d  c u rre n ts . T his can  be done b}r w ind ing  the  
in n er a n d  o u te r  co n d u c to r to g e th e r  on a  core. In  th is  w a y  th e  
so -ca lled  co ax ia l coil com es in to  ex istence , w hich  coil in tro d u ces  
in to  th e  coax ia l p a ir  some a d d itio n a l a tte n u a tio n . T he in te r 
ru p tio n  o f th e  o u te r  co n d u c to r can  a lso  be re a c h e d  b y  in se rtin g  
a  tra n s fo rm e r. T his can  o n ly  be done if th e  re la tiv e  b a n d w id th  
of th e  w a n te d  signal a llo w s th e  c o n s tru c tio n  o f a  tra n s fo rm e r  
w ith  good tran sm iss io n  p ro p e rtie s

T he a tte n u a tio n  of th e  d iffe ren t c ircu its  m u st a lso  be con
s id e red . F o r  a ll c ircu its  i t  is po ssib le  to  choose th e  d im ensions 
in  such a  w a y  th a t  th e  a t te n u a tio n  h as  a  minimum v a lue . A s
sum ing th a t  th e  a t te n u a tio n  a r ise s  from  losses  in  th e  co n d u c to r 
only an d  th a t  b o th  co n d u c to rs  a re  m ade from  copper, the  r e 
su lts  a re  as fo llo w s [d ] :

a. T he sym m etrica l p a ir  (w ith  sc reen ) h as  a  d ia m e te r  w hich  
is 1.63 tim es a s  la rg e  as th e  d ia m e te r  o f a  coax ia l p a ir  fo r  
th e  sam e a tte n u a tio n . T he q u a n tity  of co p p e r is 1.3 tim es as 
la rg e .

b. T he p h an to m -c ircu it (w ith o u t sc reen ) w ith  th e  sam e o u t
side d ia m e te r  as th e  C .C .I .T .T . coax ia l p a ir  («s; 10.5 mm) has 
an  a t te n u a tio n  w hich  is 1.3 tim es th e  a tte n u a tio n  of th a t  co
ax ia l p a ir  a n d  needs only  h a lf  th e  q u a n ti ty  of copper. I t  is tru e  
th a t  b o th  side-c ircu its  have  a  lo w e r a tte n u a tio n  th a n  th e  p h a n 
tom -c ircu it (a b o u t 1 0 %  lo w er), b u t  th e y  need  a  sc reen  in o rd e r  
to  m ake th e  use a t  high frequenc ies p o ssib le . A s a  re s u lt  the  
a tte n u a tio n  in c reases  c o n s id e ra b ly  ( ^ 5 0  %  h ig h er th a n  C .C .I .T .T . 
coax ia l pa ir) . T he q u ad  s tru c tu re  being  n o t id ea l, a  sc reen  is 
n ec e ssa ry  an d  co n seq u en tly  th e  a tte n u a tio n  an d  th e  q u a n tity  
o f co p p er in crease .

F rom  the  fo rego ing  i t  fo llow s th a t  w ith  re sp e c t to  th e  in 
sen sitiv ity  fo r  lo w -freq u en cy  in te rfe re n ce s  th e  S3m im etrical c ir
cu its (even  w ith o u t sc reen ) a re  by  f a r  su p e rio r. T he id ea l 
p h an to m -c ircu it a lso  h as  a  good in se n s itiv ity  fo r  h igh -frequency  
in te rfe ren ces . The d ev ia tio n  from  th e  id ea l case  being  too  la rge , 
th e  p resen ce  of a  screen  is n e c e ssa ry  an d  as a  re s u lt  th e  p han tom - 
c ircu it is su rp a sse d  by  each  of th e  s id e-c ircu its  (lo w er a t te n u a 
tion , less copper). T he in c rea se  in a t te n u a tio n  is co n sid e rab le , 
h o w ev e r, an d  th e re fo re  th e  co ax ia l c ircu it is su p e rio r  in th is  
re sp e c t.

F o r  a  com plete  com parison  o f th e  d iffe ren t possib ilities,
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m any  o th e r  fa c to rs  m ust be c o n s id e re d : p rice  an d  q u a n tity  of 
th e  d ielectricum , n e c e ssa ry  am o u n t of screen ing , m an u fac tu re  
difficulties etc. e tc . In  each  case i t  is n ecessa ry  to  co n sid e r 
w hich  ty p e  o f c ircu it m u st be chosen.

4. Transmission system s

I f  te lev ision  signals a re  to  be tr a n s m itte d  o v e r s h o r t  d is t 
ances, th e y  can  b e s t be  tra n s m itte d  u n m o d u la ted , in o rd e r  to  
avo id  th e  use o f expensive m o d u la tin g  equ ipm ent. B ecau se  of 
th e  freq u en cy -b an d  involved  th e  sy m m etrica l c ircu it is p re fe r re d . 
I f  a  g r e a t  in sen sitiv ity  a g a in s t h ig h -freq u en cy  in te rfe re n ce s  is 
d esired , a  sc reen  is n ecessa ry . A n a d d itio n a l a d v a n ta g e  of the  
sy m m etrica l c ircu it is th a t  com plete ly  b a la n c e d  am plifiers can  be 
used  b ecau se  i t  is n e a r ly  im possib le  to  c o n s tru c t a  tra n s fo rm e r  
w ith  good tran sm iss io n  p ro p e rtie s . W i th  b a la n c e d  am plifiers 
i t  is v e ry  e a sy  to  avo id  th e  coupling  v ia  th e  su pp ly -vo ltage  
sou rces. W i th  u n b a la n c e d  am plifiers th is  coupling c an n o t be 
av o id ed  com ple te ly  in  v iew  of th e  lo w e s t freq u en c ies  involved. 
^V ith  th e  b a la n c e d  am plifiers i t  is a lso  possib le  to  avo id  the  
ca th o d e  a n d  sc reen  g rid  decoup ling  condenso rs.

B ecause  of th e  v e ry  la rg e  re la tiv e  b a n d w id th  th e  e q u a lisa 
tio n  of th e  a t te n u a tio n  an d  p h ase  is fa ir ly  com plica ted .

I f  te lev is io n  s igna ls  a re  to  be tr a n s m itte d  o v er la rg e  d is t
ances, i t  is ev id en t th a t  th e y  m ust be m o d u la ted . T he C .C .I .T .T . 
h as  recom m ended  a  v e s tig ia l s id eb an d  system  w ith  a  c a r r ie r  
freq u en cy  o f 1056 kc/s. T he m o d u la tio n  a p p a ra tu s  is com plica ted . 
T he lo w e s t f req u en cy  invo lved  is such th a t  a  co ax ia l cab le  
can  be used.

In  G e rm an y  a n o th e r  system  h a s  come in to  u se : a  double  
s id e b a n d  system  w ith  a  c a r r ie r  f req u en cy  of 21 M c /s  [5]. T h e re 
fo re  th e  re la tiv e  b a n d w id th  (16 M c /s  — 26 M c /s )  is r a th e r  sm all. 
T he m o d u la tio n  equ ip m en t seem s to  be fa ir ly  sim ple. A s a  re su lt, 
th is  sy stem  can  be u sed  fo r  sh o r t  d is tan ces  on th e  C .C .I .T .T . 
coax ia l cab les  w ith  a  r e p e a te r  sp ac ing  of a b o u t 4.7 km. T he 
eq u a lisa tio n  of th e  a t te n u a tio n  an d  p h ase  is easy .

5. Bandwidth-reduction

A ll tran sm iss io n  p ro b lem s becom e less co m plica ted  w h en  the 
b a n d w id th  invo lved  can  be reduced .

W i th  v e ry  good D C -re s to re r s  it seem s to  be p ossib le  to
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om it from  th e  v ideo-signal th e  freq u en cy b an d  b e low , say , lO k c /s  [6]. 
T he design  of a  v id eo -tran sfo rm er becom es e a s ie r  in th a t  case. 
T he a d v a n ta g e s  of such a  tra n s fo rm e r  a re  e v id e n t: im pedance- 
tra n s fo rm a tio n  a t  th e  in p u t an d  o u tp u t s tag es  of am plifiers, a 
change from  b a la n c e d  to  u n b a lan ced  c ircu its  e tc . etc.

W ith  som e form s of coding i t  is a lso  p ossib le  to  om it a 
g re a t  d ea l of the  high frequenc3"band o f th e  v ideo -signa l [7]. 
T h is is, from  th e  p o in t o f v iew  of th e  tran sm iss io n  engineer, 
also  v e ry  a t tra c t iv e . As f a r  as th e  p re se n t a u th o r  know s the  
tw o  red u c tio n  m ethods a re  b a sed  only on th e o re tic a l con
s id e ra tio n s  an d  n e ith e r  h as  been  ap p lied  in p rac tice .
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Som e audio problem s in modern telephone system s

by H . M o l* )

Summary
T h e  p re s e n t  p a p e r  g ives a  su rv e y  o f  th e  au d io  p ro b lem s p e r ta in in g  to 

th e  im p ro v em en t o f  th e  tran sm iss io n  q u a lity  o f  a  te lep h o n e  c ircu it. B esides 
th e  im p ro v em en t o f  e lem en ts th e  s tu d y  o f  th e  fu n d a m e n ta l p ro b lem s of 
sp eech  tu rn s  o u t to  be a n  im p o rta n t fac to r.

1. Introduction.
In  g enera l th e  av e ra g e  ra d io  eng ineer lends a  v e ry  unw illing  

e a r  to  aud io  tran sm iss io n  p rob lem s. P e rh a p s  th e  follow ing, a d 
m itted ly  v e ry  b r ie f  su rv ey  w ill convince him of th e  ex istence 
of in te re s tin g  p rob lem s in th is  field, w o r th y  of th e  a tte n tio n  
of eng ineers.

O f  course  th e  v a rio u s su b jec ts  c a n n o t be p re se n te d  in th e  
ro u n d : some su b jec ts  a re  t r e a te d  m ore e la b o ra te ly  because  m ore 
is know n  a b o u t them  a t  th e  m om ent. T h is does n o t m ean  th a t  
less tim e is o r  shou ld  be  d ev o ted  to  o th e r  su b jec ts  th a t  a re  
d e a lt  w ith  in a  few  lines. In  g e n e ra l th e  tre a tm e n t o f th e  p ro b 
lem s is ad m itte d ly  s tream lin ed  to  th e  n th deg ree  b u t w e tr ie d  
to  a lle v ia te  th a t  deficiency b y  giving a  m o d est n u m b er o f r e 
fe ren ces to  l i te ra tu re .

2. The elements of a telephone-set.
In  com m ercial te lep h o n y  th e  c lassic  device fo r  tran sfo rm in g  

sou n d  in to  e le c tr ic a l signals s till is, an d  p ra c tic a lly  a lw a y s  has 
been , th e  ca rb o n  m icrophone. I t  h as  b een  ab le  to  s ta n d  its  
g ro u n d  th a t  long b ecau se  i t  is an  am plifier a s  w e ll, p rov id ing  
a  p o w e r gain of som e 30 dB . I t  a d m itte d ly  h as  a  b a d  re p u ta 
tio n  fo r  d is to r tio n , in s ta b ility  an d  noise. C o n seq u en tly  i t  is 
desp ised  b y  s tu d io  people  w ho  d isc a rd e d  i t  as  soon as th e y  
could in v en t ty p es  o f m icrophones b e t te r  su ited  to  th e ir  p u rp o se .

Since 19-15 th e  ca rb o n  m icrophone h as  been  s tu d ied  a t  la b o 
rious len g th  a t  th e  T ran sm issio n  L a b o ra to r ie s  w ith  th e  aim  of 
finding th e  lim iting fa c to rs  of its  p e rfo rm an ce. T his s tu d y  w as  
n e c e ss ita te d  by  th e  re a l i ty  th a t  a f te r  the  end  of W o r ld  W a r  I I  
G erm an y  ceased  to  be th e  m ain source  o f ca rb o n  m icrophones 
fo r  the  N e th e r la n d s  P T T . O n e  s ta r te d  looking fo r  an  ap p ro

*) T ran sm iss io n  D e p a r tm e n t
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p r ia te  su b s titu te  fo r  th e  a lm o s t c lassic  S iem ens-m icrophone. 
A p a r t  from  som e untim ely  im p ro v isa tio n s th is  sea rch  tu rn e d  
ou t to  be fru itle ss . I t  w a s  in th a t  s itu a tio n  th a t  the  N e th e r 
lan d s  P T T  u n d e rto o k  to  com pile a  specifica tion  fo r  th e  con
s tru c tio n  of a  n ew  ty p e  of c a rb o n  m icrophone th a t  could  be 
used  th ro u g h o u t th e  N e th e r la n d s  te lep h o n e  n e tw o rk . W e  a t  
th e  la b o ra to r ie s  seized th e  o p p o r tu n ity  fo r  in c o rp o ra tin g  th e  
la te s t  th e o re tic a l an d  p ra c tic a l find ings in th e  design  w hich  a lso  
h ad  to  have  no rm alized  o u te r  d im ensions.

M o re o v e r  th e  m icrophone w a s  expec ted  to  function  sa tis 
fa c to r ily  in  th e  m u ltitu d e  o f d iffe ren t feed ing  S3Tstem s th is  
co u n try  could b o a s t  o f a t  th a t  tim e.

N e e d le ss  to  s a y  th a t  a  h o a rd  o f th o u g h t-p ro v o k in g  p rob lem s 
w a s  th ro w n  up, b o th  o f a  p ra c tic a l an d  a  th e o re tic a l n a tu re . 
I t  s ta n d s  to  re a so n  th a t  th e  u ltim a te  design tu rn e d  o u t to  be 
a  com prom ise, f itte d  a s  i t  w e re  b y  le a s t  sq u a re s  to  th e  con
flicting req u irem en ts . In  o rd e r  to  t e s t  o u r th e o re tic a l p ro n o u n ce 
m en ts se v e ra l p ro to ty p e s  w ere  p ro d u ced  by  th e  la b o ra to ry  
an d  d e m o n s tra te d  to  th e  in d u s try  in o rd e r  to  fa c il i ta te  the  
p ro cess  of p u ttin g  id eas  in to  m ass-p ro d u c tio n . T hough in  g en e ra l 
P T T  took  the  in itia tiv e  in th e se  m a tte rs  w e w o u ld  do a  g rave  
in justice  to  th e  in d u s try , includ ing  th a t  o f the  N e th e r la n d s , b y  
n o t m ention ing  an d  ack now ledg ing  the  p a in s ta k in g  a c tiv itie s  of 
th e  c o n tra c tin g  fac to rie s .

T he basic  p rin c ip les  u n d erly ing  th e  final design  can  be b r ie fly  
sum m arized  as fo llow s. ( 1 )

T he ca rb o n  ch am b er o f  th e  m icrophone is n o th ing  b u t a  m i
n ia tu re  co a l-scu ttle , th e  w a lls  ol w hich  a re  in su la te d  ex cep t 
fo r  th e  tw o  e lec tro d es . I t  is n e x t to  a  m irac le  th a t  th is  collec
tion  o f loose c o n tac ts  can  be s ta b le  a t  all. In  a  s ta b le  m icro- 
ph  one th e  c a rb o n  g ran u les  rem ain  in th e  sam e geom etric  con
figu ra tio n  th ro u g h o u t th e  d u ra tio n  o f a  te lep h o n e  call. N o w , 
like a  h eap  o f san d , th e  g ra n u la r  m ass h a s  th e  ten d e n c y  to  
assum e a  sm alle r volum e. In  th e  m icrophone w e  call th is  the  
phenom enon o f pack ing . A m ong th e  m an y  fa c to rs  th a t  h av e  a 
s ta k e  in  th e  p rob lem  of pack ing  d ry  fric tio n  b e tw e e n  th e  g ra 
nules p la y s  an  im p o r ta n t ro le . D r y  fric tio n  k eep s  th e  p ack ed  
g ran u les  in  th e ir  frozen  cond ition , a g a in s t th e  re s to r in g  fo rces  
fu rn ish ed  b y  the  po lariz ing  d ire c t c u rre n t. T he influence o f the 
feed ing  c u r re n t on the  s ta b ili ty  can be e ith e r  d e tre m e n ta l o r 
beneficial. W T e n  th e  g ran u les  a re  m ech an ica lly  d isp laced  a long  
th e  s tream lin es  of th e  feed ing  c u r re n t th e  e le c tro -s ta tic  fo rces
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b e tw e e n  th e  g ran u le s  w ill su p p o rt th e  p ack ing  ac tio n  o f d ry  
fric tion . If, on th e  o th e r  hand , th e  g ran u les  a re  d isp laced  p e r 
p e n d icu la rly  to  the  stream lin es , th e  e le c tro -s ta tic  fo rces w ill 
d riv e  them  b a c k  to  th e ir  o rig in a l positio n s, in th a t  w a y  p ro v id 
ing an  e la s tic ity  o f e le c tro -s ta tic  orig in . T h is is th e  so ca lled  
tra n s v e rs e -c u rre n t  p rinc ip le . U n fo r tu n a te ly  th e  tra n sv e rse -c u r
re n t  m icrophones su ffer from  a  lo w  o u tp u t. O n  th e  o th e r  h an d  
th e  m icrophones of o b so le te  design  w ith  fla t e lec tro d es  th a t  a re  
exceed ing ly  inv iting  to  pack ing  have  a high o u tp u t. T he m odern  
com prom ise is th e  m icrophone w ith  dom e-shaped  e lec tro d es, sa id  
e lec tro d es  being  p a r ts  o f spheres. H e re  th e  tra n sv e rse -c u rre n t 
p rin c ip le  is ac tiv e  on ly  in c e r ta in  p a r ts  o f the  ca rb o n  cham ber. 
T he s tab ilized  p a th w a y s  a s  i t  w e re  “k eep  u p ” a d ja c e n t s tre a m 
lines th a t  g u a ra n te e  a h ig h er o u tp u t b u t  ru n  th e  r isk  o f pack ing . 
F o r  s ta b ili ty  i t  is e sse n tia l to  keep  th e  to le ra n c e s  o f th e  d is 
tan ce  b e tw e e n  th e  e lec tro d es  w ith in  n a rro w  lim its in m ass- 
p ro d u c tio n .

T he freq u en cy  re sp o n se  o f th e  c a rb o n  m icrophone is governed  
by  th e  re so n an ce  o f th e  d iap h rag m  an d  its  clam ping an d  b y  
th e  re so n an ce  o f th e  ca rb o n  cham ber. T he m echan ical im pedance 
of th e  ca rb o n  ch am b er is n o n -lin ea r an d  depends on the  m ag
n itu d e  of th e  d isp lacem en t o f th e  m oving e lec tro d e . C o n se q u e n tly  
th e  sh ap e  o f th e  freq u en cy  re sp o n se  d ep en d s on th e  acoustic  
p re ssu re  of th e  sound  field in w hich  th e  m icrophone is te s te d . 
A lso  pack ing  m akes i ts e lf  fe lt  in  th e  freq u en cy  resp o n se  because  
p ack in g  in c reases  th e  stiffness of th e  ca rb o n  ch am b er so th a t  
co n seq u en tly  th e  lo w e r end  of th e  freq u en cy  ran g e  is a t te n u a te d .

T hough, c le a rly , the  freq u en cy  resp o n se  of th e  ca rb o n  m icro
phone is a  r a th e r  vague a ffa ir, w e m ust n e v e rth e le ss  sm ooth  
ou t d is tu rb in g  m echan ical re so n an ces. T h is can  be done e ith e r  
b y  in tro d u c in g  aco u stica l o r  m echan ical lr ic tio n  o r, m ore e le
g an tly , b y  ad d in g  a d d itio n a l re so n an ces , in o th e r  w o rd s  b y  in 
tro d u c in g  m ore d eg rees  o f freedom . In  th is  re sp e c t w e m eet 
th e  sam e ty p e  of p rob lem s in e lec tro -dynam ic , e lec tro -m agnetic , 
p iezo -e lec tric  o r  sem i-co n d u cto r m icrophones.

T he harm onic  d is to rtio n , even in a m odern  ca rb o n  m icrophone 
can  easily  re a c h  a  value o f som e 20% . T he s e a t  o f th is  d is 
to r tio n  is th e  n o n -lin ea r m echan ical im pedance of th e  ca rb o n - 
cham ber, a s  “ seen ” from  th e  m oving e lec tro d e . In te re s tin g  enough, 
one can  p ro v e , b o th  th e o re tic a lly  an d  ex p erim en ta lly , th a t  the  
re la tio n  b e tw e e n  re s is ta n c e -v a r ia tio n  of th e  ca rb o n  ch am b er an d  
d isp lacem en t of th e  m oving e lec tro d e  is su rp ris in g ly  lin ea r . I t
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is th e  n o n -liaea r  ca rb o n  im pedance th a t  causes th e  non -lin ear 
re la tio n  b e tw e e n  sound  p re ssu re  an d  re s is ta n c e -v a r ia tio n . M an y  
peop le  p in  th e  deficiences in in te llig ib ility  on th e  n o n -lin ea r d is
to r tio n  of th e  ca rb o n  m icrophone. O u r  p re lim in a ry  m easu rem en ts, 
h o w ev er, seem  to  in d ica te  th a t  the  lim ited  freq u en cy  ra n g e  is 
to  b lam e.

The on ly  re a so n  fo r  d isca rd in g  th e  ca rb o n  m icrophone in 
fu tu re  is th a t  i t  w ill n o t be s ta b le  on th e  low  line c u rre n ts  
e lec tro n ic  te lephone  exchanges w ill be a b le  to  fu rn ish . In  the  
U S A  a  sem i-conducto r m icrophone (2) h as  b een  anno u n ced  th a t  
re q u ire s  o n ly  one te n th  o f th e  c u rre n t of a  c a rb o n  m icrophone. 
A s i t  is a  m o d u la to r  i t  a lso  p ro v id es  am plification , ju s t  like 
th e  ca rb o n  m icrophone. I t  is no t, h o w ev er, afflicted b3r pack ing .

Since th e  inven tio n  of th e  te lep h o n e  in  th e  e a r ly  sev en ties  
th e  co n stru c tio n  of th e  te lep h o n e  re c e iv e r h a s  n o t fu n d am en ta lly  
changed . I t  s till co n ta in s  p o le-p ieces w ith  coils, a  p e rm a n e n t 
m ag n e t a n d  a  fla t d iap h rag m . T he m ajo r im p ro v em en t w a s  th e  
g ra d u a l red u c tio n  in size o f th e  p e rm a n e n t m agnet. W h e re a s  
in th e  e a r ly  d ay s th e  m ag n e t w a s  u sed  a s  a  g en ero u sly  sized 
h an d le , q u ite  o ften  in m odern  rece iv e rs  th e  m agnet can  h a rd ly  
be found  a t  all. A b o u t 20 y e a rs  ago i t  a p p e a re d  th a t  th e  f r e 
quency  re sp o n se  o f th e  re c e iv e r  could  be m ade fla t (so ca lled  
equa lized  rece iv e r) b y  p lac ing  a  h a rd  su rface  v e ry  close behind  
th e  d iap h rag m , a  tex tile -co v e red  hole in th is  su rface  p ro v id ing  
th e  n e c e ssa ry  fric tio n . Since sev e ra l y e a rs  th is  p rinc ip le  is in 
c o rp o ra te d  in th e  n ew  rece iv e rs  th a t  a re  in tro d u ced  in to  the  
N e th e r la n d s  te lep h o n e  n e tw o rk . I t  is in te re s tin g  to  know , h o w 
ever, th a t  sa id  p rinc ip le  w a s  a lre a d y  p re se n t in A d e r ’s rece iv 
e r  (3), d a tin g  b a c k  to  a ro u n d  1880, th ough  i t  w a s  n o t reco g 
nized as such a t  th a t  tim e.

T hough th e  p re s e n t ty p e  of re c e iv e r g u a ra n te e s  a  good s e r 
vice th e re  a re  sev e ra l re a so n s  fo r  rep lac in g  it  by  a d iffe ren t 
ty p e  in fu tu re . I t  is difficult, fo r  in s tan ce , to  a d ju s t an d  keep  
s ta b le  th e  a ir-g a p  b e tw e e n  th e  d iap h rag m  an d  th e  po le  p ieces. 
T he d iap h rag m , being  con tinuously  exposed  to  th e  a t tr a c t in g  
fo rce  of the  p e rm a n e n t m agnet, h as  th e  ten d en cy  to  sag. A lso , 
th e re  is th e  d a n g e r  o f s a tu ra tin g  th e  d iap h rag m  an d  m any va
r ia n ts  to  th e  classic configura tion  h av e  th e  sam e a im : le ttin g  
th e  lines o f fo rce  p a ss  th e  m em brane  a t  r ig h t ang les an d  p re 
ven tin g  th e ir  re tu rn  th ro u g h  the  th in  v ib ra tin g  p la te . In  the  
b a la n c e d  m agnetic  system s th e re  is no c o n s ta n t force of m ag
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n e tic  orig in  on th e  a rm a tu re , w h ich  is s e p a ra te d  from  th e  cone- 
sh ap ed  m em brane as such. In  g en era l, th e re  is a  lim it to  screw ing  
up  th e  m agnetic  field b ecause , a p a r t  from  sa tu ra tio n  effects, 
th e  field a c ts  as a  tra n s fo rm e r  ra t io  m atch ing  th e  m echan ical 
system  to  th e  e lec tric  source. A s such i t  h a s  an  optim um  value (3). 
T he c o m p a ra tiv e ly  high acoustic  im pedance (as  seen from  the  
ea rp iece) o f th e  p re se n t re c e iv e r w ith  its  h a rd , fla t m em brane 
is fe lt a s  a  d ra w b a c k  b ecau se  th e  re c e iv e r does n o t sh o rt- 
c ircu it th e  room  noise w hich  is p ro d u ced  b y  a  low -im pedance 
source, n am ely  th e  a ir . M o re o v e r  th e  rece iv e r is a  b a d  ra d ia to r  
so th a t  i t  c an n o t be u sed  as a  sm all lo u d sp e a k e r  to  re p la c e  the  
c lassic  r in g e r  w ith  its  gongs. T he ab o v e-m en tio n ed  a n d  o th e r  
p ro b lem s a re  s till u n d e r  co n sid e ra tio n  fo r  th e  tim e being.

3. The improvement of transmission quality
T hough  re c e n tly  deve loped  ty p e s  of te lephone  re c e iv e r such 

as th e  r in g -a rm a tu re  (4) ty p e  a n d  th e  rock ing  a rm a tu re  ty p e  
give a  su b s ta n tia lly  h ig h er o u tp u t th a n  th e  p re s e n t ty p e , th e re  
is a  lim it to  increasin g  th e  sen s itiv ity  of th e  rece iv e r, fh e  
sam e a rg u m en t ho lds fo r  th e  m icrophone a s  w ill a p p e a r  from  
th e  fo llow ing.

W h e n  th e  to ta l  a ir - to -a ir  sen s itiv ity  o f a  te lep h o n e  channel 
is to o  high th e re  w ill be  u n co m fo rtab le  lis ten ing  p ro v id ed  an  
au to m a tic  volum e reg u la tio n  of some s o r t  ta k e s  p lace  w h ich  has 
m any tech n ica l consequences in th e  n e tw o rk , W e  th in k  to  have  
re a c h e d  th a t  co m fo rtab le  lim it in  th e  P T T  n e tw o rk , considering  
th a t ,  in th e  com plete absence  of noise, one can  c a r ry  on a  
co n v e rsa tio n  v ia tw o  m odern  te lephone  se ts  even  w ith  an  a t 
te n u a tio n  of some 50 dB  b e tw e e n  them . W h e n  a  w h ite  noise 
of 0,5 V , a s  m easu red  w ith  th e  C C IT T -p so p h o m e te r  a t  the  
te rm in a ls  o f th e  se t, is p re s e n t th is  a t te n u a tio n  red u ces  to  some 
35 dB.*) O n ly  in no ise less n e tw o rk s  a  less sensitive  m icrophone 
can be com p en sa ted  fo r  b y  an  o v e rsen sitiv e  rece iv er. W h e n  
th e re  is noise p re se n t th e  m icrophone o u tp u t should  be w ell 
ab o v e  th e  noise level. S o -called  sound p o w e re d  system s m ajr 
a lso  cover a  “ d is ta n c e ” o f 50 dB  in th e  no ise less case, b u t 
u n d e r th e  p rev a ilin g  noise cond itions in the  p re se n t te lephone 
system s th e y  n ev e r h av e  a  chance.

In th e  m odern  te lep h o n e  se t th e  m icrophone and  th e  re c e iv e r

*) T h ese  figu res m ay  n o t be  re g a rd e d  a s  h a rd -a n d - fa s t  figu res. T h e y  m ere ly  
in d ic a te  th e  o rd e r  o f  m ag n itu d e .
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a re  coup led  to  th e  line b y  m eans of a  b a lan c in g  tra n s fo rm e r 
w h ich  red u ces  th e  so -ca lled  side-tone . T he exp ressio n  side-tone 
is tech n ica l ja rg o n  fo r  h ea rin g  one’s ow n voice com ing from  the  
rece iv e r w hich  can  be  m o st u n p le a sa n t. T he m ore th e  se n s itiv ity  
o f b o th  th e  m icrophone an d  th e  te lephone  is sc re w e d  up the  
m ore difficult i t  becom es to  co m b a t sid e-to n e . O n e  o f th e  m any 
so lu tions fo r  th e  b a lan c in g  tra n s fo rm e r  is th e  so -ca lled  O h n e- 
so rge-system , am ong o th e r  th ings c h a ra c te riz e d  by  th e  fa c t th a t  
th e  b a lan c in g  re s is ta n c e  a c ts  a s  a  D C  sh u n t a c ro ss  th e  m icro 
phone (w hich  is beneficial to  th e  l a t t e r ’s s ta b ility )  an d  th e  p ro - 
p e r ty  th a t  th e  re c e iv e r is co n n ec ted  to  a  s e p a ra te  w ind ing  on 
th e  tra n s fo rm e r. T he s e p a ra te  w ind ing  p e rm its  th e  in se rtio n  of 
a  tra n s ito r iz e d  am plifier fo r  th e  h a rd  o f h ea rin g  w ith o u t the  
need  fo r  an  a d d itio n a l t ra n s fo rm e r , p ro v id in g  a  gain  o f some
25 dB .

B efo re  th e  w a r  th e  O h n eso rg e-sy stem  w a s  u sed  p ra c tic a lly  
th ro u g h o u t th e  N e th e r la n d s  te lep h o n e  n e tw o rk .

I t  w a s  m a in ta in ed  in th e  new  te lephone  se ts  d ev e lo p ed  a f te r  
1945 th o u g h  th e  ra tio  o f th e  w ind ings w a s  s lig h tly  changed  in 
o rd e r  to  p e rm it the  tra n s fo rm e r  to  receive  100 Q  m icrophones 
as w e ll as  200 Q  m icrophones. T he 200 Li ty p e  is n e c e ss ita te d  
by  th e  2 X  400 Q, 24 V  feed  ing coils o f th e  R o tte rd a m  exchange.

W h e n  th e  a t te n u a tio n  b e tw e e n  tw o  te lep h o n e  se ts  is red u ced  
b y  m eans o f am plifiers, echo-prob lem s a rise . In  th is  c o u n try  
the  so -ca lled  4 w ire -sy s tem  is in g en era l use. A s th e  classic 
am plifiers a re  u n ila te ra l  th e re  a re  s e p a ra te  go- a n d  re tu rn  p a th s . 
T he coupling o f th ese  p a th s  to  the  su b sc r ib e r’s lines is rea lized  
b y  b a lan ce  tra n s fo rm e rs  th a t  a lso  h av e  th e  ta s k  of p rev en tin g  
coupling b e tw e e n  th e  go- an d  re tu rn  p a th s . A s th e  ba lan ce  
cond itions can  n e v e r  be id ea l th e re  a lw a y s  rem ain s a  c e r ta in  
am o u n t of coupling. C o n seq u en tly  th e  ta lk e r  w ho  sends speech 
w av es  a long  th e  g o -p a th  h e a rs  his ow n voice com ing b a c k  v ia  
th e  re tu rn -p a th  in th e  form  o f an  echo. T he h ig h er its  level 
an d  th e  longer its  tim e-d e lay  th e  m ore d is tu rb in g  th e  t a lk e r ’s 
echo w ill be. (5)

A  d e ta ile d  d esc rip tio n  o f th e  la b o ra to ry ’s engagem en t w ith  
th e  echo p ro b lem  lies o u ts id e  th e  lim ited  scope o f th is  p a p e r . 
W e  sh a ll confine o u rse lves to  s ta tin g  th e  in te re s tin g  fa c t  th a t  
fo r  th is  c o u n try  i t  is th e  im pro v em en t o f th e  echo cond itions 
on in te rn a tio n a l lines th a t  calls fo r  expensive m easu res  in  the 
n a tio n a l n e tw o rk .

A s th e  im provem en t o f tran sm iss io n  q u a lity  m arch es on m ore
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p rob lem s a re  posed  to  th e  tran sm iss io n  engineer. F o r  in stance , 
th e  p o ssib ilitie s  o f reduc ing  the  a tte n u a tio n  in  th e  p e rip h e ra l 
ram ifica tions o f th e  te lep h o n e  n e tw o rk  a re  c e r ta in ly  w o r th  ex 
p lo ring . T he te lep h o n e  n e tw o rk s  of fa c to r ie s , th e  bu ild ings of 
w hich  a re  sp re a d  o v er la rg e  a re a s , a re  n ev e rth e le ss  w ith o u t 
fu r th e r  ad o  co nnec ted  to  the  P T T -n e tw o rk  v ia  o ften  a lre a d y  
long su b sc r ib e r’s lines. I t  is c e r ta in ly  n e c e ssa ry  to  b rin g  th ese  
n e tw o rk s  w ith in  th e  scope o f the  g en era l im provem en t of t r a n s 
m ission q u a lity  though  a t  th e  m om ent is n o t y e t  qu ite  c le a r  
w h a t  w ill be the  m ost econom ical m ethod . O n e  m ight con tem 
p la te  loading*), 2 w ire  am plifiers, negistors**) etc.

In  the  long ru n  no m odern  tran sm iss io n  la b o ra to ry  can  be 
b lind  to  th e  fu n d a m e n ta l p ro b lem s of speech.

E sp ec ia lly  in  (c a rr ie r)  sy stem s w h e re  th e  sam e channel is 
u sed  fo r  speech  an d  signalling  th e  signal rece iv e rs  m ust be sa fe 
g u a rd e d  a g a in s t signal im ita tio n  b y  speech. In  th is  re sp e c t ag a in  
an d  ag a in  one com es to  th e  conclusion th a t  o u r know ledge  of 
th e  s ta t is t ic a l  p ro p e rtie s  of speech  w av es  is s till f a r  from  m atu re .

A lso  sev e ra l p rob lem s of au to m a tio n  ca ll fo r  voice o p e ra te d  
devices.

S ince th e  re a liz a tio n  o f th e  t ra n s a tla n tic  cab le  th e  a tte n tio n  
o f th e  w o rld  is re -focussed  on th e  v o co d er p rob lem  (6). T he 
v o co d er aim s a t  b a n d w ith -re d u c tio n  (o r  b e t te r :  c a p a c ity -re d u c 
tion) so th a t  m ore th a n  one te lephone  co n v ersa tio n  can be t r a n s 
m itted  o v er a  " s t r a ig h t” ch an n e l th a t  n o rm a lly  c a rr ie s  only  one 
co n v ersa tio n .

T he co n stru c tio n  o f a  successful v o co d er m ust, in o u r opinion, 
ro o t  in a  sound  kno w led g e  of th e  a r t ic u la to ry  an d  a u d ito ry  
p ro cesses . W e  m ust n e v e r fo rg e t th a t  N a tu re ,  w ith  its  v a s t  
experience in te lecom m unication  is o u r b e s t  te a c h e r  and? th a t  it  
h as  sound  re a so n s  fo r  n o t app ly ing  c e r ta in  techn iques.

N e e d le ss  to  say  th a t  the  d ev e lopm en t of a  v o co d er is only 
w o rth -w h ile  fo r  ap p lica tio n  to  expensive c ircu its .

F o r  th e  above  m entioned  rea so n s  a  sm all g ro u p  a t  th e  d r  N e h e r  
L a b o ra to r ie s  is engaged  in  fu n d am en ta l s tu d ies  on speech.
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N on-linear properties o f carbon resistors

by C. E. M ulders *)

Summary

T h e  a p p lic a tio n  o f th e  co n v en tio n a l m eth o d  o f d e te rm in in g  the  n o n -lin e a r 
effects in c a rb o n  re s is to rs , a s  o u tlin ed  in m an y  te s t  sp ec ifica tions fo r  these  
co m ponen ts, e n co u n te rs  d ifficu lties in case  o f good specim ens. An a l te r 
n a tiv e  m ethod  is p ro p o sed , b a se d  on th e  m ea su re m e n t o f  th e  p ro d u c tio n  
o f  h a rm o n ic s  in th e  re s is to r , w h e n  a  p u re  sin u so id a l c u r re n t  is p a ss in g  
th ro u g h  it. A d e sc rip tio n  o f th e  e x p e rim e n ta l p ro c e d u re  is g iven  a n d  som e 
re su lts  a re  sh o w n . A  c o m p ariso n  is m ad e  b e tw e e n  b o th  m eth o d s in som e 
c ases  w h e re  e ith e r  m eth o d  is a p p licab le .

1. Introduction,

W ire -w o u n d  re s is to rs  g e n e ra lly  o bey  O h m ’s law

V = i R ,  (1)

w h e re  R,  the  re s is ta n c e  value , is a  function  of te m p e ra tu re .
E q u a tio n  (1) does n o t e n tire ly  hold  fo r  ca rb o n  re s is to rs . A 

b e t te r  ap p ro x im atio n  of th e  v o lta g e -c u rren t re la tio n  fo r  th is  
ty p e  of r e s is to r  is g iven by

V = i R a ± a \ i " \ .  (2)

(The n o ta tio n  +  in th is  eq u a tio n  m u st be in te rp re te d  in such 
a  w a y  th a t  fo r  po sitiv e  i  th e  +  sign m ust be  u sed  a n d  fo r  
n eg a tiv e  i  th e  — sign. In  th is  w a y  V  is a  sym m etrica l function  
of i, ir re sp e c tiv e  o f th e  value of n,  a s  in th e  case w ith  ca rb o n  
re s is to rs ) .

I f  w e define R,  th e  re s is ta n c e  value , a s  th e  q u o tie n t o f V  
an d  i, (2) y ie ld s

—  =  R  =  R a +  a | z*-11 . (3)
i

r) P h y s ic a l d e p a rtm e n t.
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F o r  ca rb o n  re s is to rs  a | z’"-1 j is sm all co m p ared  to  R a an d  
nega tive . B o th  R a a n d  a a re  te m p e ra tu re  d ep en d en t, though  
th e  te m p e ra tu re  d ependence  o f th e  sm all te rm  a [ z"-1 | w ill be 
g en e ra lly  neg lec ted .

F o r  7i — 2, (3) becom es

R  — Ra  +  et I 2 [ R a -j- CL
I V\

R a

o r  R - R a = .  (4)
Ra

In  th is  case  A-A is p ro p o rtio n a l to  the  ap p lied  v o ltag e  a n d  a 
“ v o ltag e  coefficient can  be defined i.e. th e  p e rc e n ta g e  r e s is t 
ance v a r ia tio n  p e r  vo lt. So

v o ltag e  coefficient =  y = ioo X  A R  
R a X l V f

or

A R Y . R g - \ V \
IOO

C o m p arin g  (4) to  (5) gives

a y . R l
IOO

(5)

(6)

I t  is com m on p ra c tic e  to  give an  a llo w ab le  u p p e r  lim it fo r  a, 
a s  i t  re su lts  from  te s tin g  p ro c e d u re s  fo r  c a rb o n  re s is to rs . I t  
w ill be show n, th a t  th e  ex p o n en t in (3) is n o t n e c e ssa rily  2, 
so th a t  th e  “ v o ltage  coefficient” co n cep t c an n o t a lw a y s  be used.

2. Conventional method for the determination of a or y .

A  s tra ig h tfo rw a rd  m ethod  to  d e te rm in e  a o r  y is to  m easu re  
R  a s  a  fu n c tio n  o f 2 o r  F . B y  su b s titu tin g  th e  m easu red  v alues 
in  (3) a an d  y can  be ca lcu la ted .

A  difficulty a ris in g  w h en  th e  m ethod  is ap p lied  is th a t  the  
m easuring  c u r re n t w ill cause th e  re s is to r  to  r ise  in  te m p e ra tu re , 
w hich  m eans th a t  R a changes a n d  a  w ro n g  v alue  o f a j 2V,_I | 
re su lts . A n obvious p o ss ib ility  to  overcom e th is  difficulty is to  
m easu re  R  so ra p id ly  th a t  no ap p re c ia b le  rise  in  te m p e ra tu re  
w ill ta k e  p lace . In  e.g. th e  p ro ced u re  a s  d e sc rib ed  b y  the  
R ad io  I n d u s try  C ouncil in  th e  specifica tions R I C  112 a n d  113 
fo r  “ re s is to rs , fixed, com position” , such ra p id  m easu ring  is p re -
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sc rib ed . “ T he sam ples sh a ll be d rie d  fo r  2 hours a t  n o t less 
th a n  7 0°C. T he v o ltag e  coefficient sh a ll be d e te rm in ed  b y  m ea
suring  th e  re s is ta n c e  value a t  a  vo ltag e  co rresp o n d in g  to  th e  
n o rm al maximum ra tin g  an d  again  a t  1 /IO th  of th a t  v o ltage . 
T he v o ltag e  sh a ll be ap p lied  fo r  n o t m ore th a n  1 second ev ery  
10 seconds to  avo id  o v e rh e a tin g ” .

F o r  good ca rb o n  re s is to rs , h o w ev er, w h e re  a a n d  y a re  sm all, 
th e  sa id  value of 1 second  p ro v ed  to  be u n a c c e p ta b ly  long. A n 
ex p e rim en ta l s tu d y  o f th e  r a te  of h ea tin g  of re s is to rs  of diffe
r e n t  k ind  w a s  m ade an d  th e  influence on re s is ta n c e  m easu re 
m en ts could  be e s tim a te d  (see S ection  8).

A d esc rip tio n  of a  p ro p o sed  new  m ethod  fo r  th e  d e te rm in a tio n  
of a an d  y w ill be given in th e  n ex t Section .

3. Determination of a and y by measuring the harmonic 
production.

W h e n  a  p u re  sin u so id a l c u rre n t t — tm stn cot p a sse s  th ro u g h  
a  c a rb o n  re s is to r , harm onics w ill be p re s e n t in th e  vo ltage  
ac ro ss  th e  re s is to r , due to  th e  no n -lin earity  o f (2) or

V  =  R a im sin cot -Y a \ in sinn cot | . (7)

T he F o u rie r  ex p ansion  of th is  eq u a tio n  is

V  =  R a im sin  cot 4- E x sin  cot +  E 3 sin  3 cot + E s sin  5 co t. + ___ (8)

O n ly  uneven  harm onics a p p e a r , due to  the  sy m m etry  of (2) 
an d  (7).

T he m ost im p o r ta n t f a c to r  o f (8) is E y  A p p lica tio n  of F o u rie r  
an a ly s is  to  (7) a n d  (8) gives

E 3 s in 2 3 cot dcot — l a  inm sin* cot sin  3 cot d co t,

so th a t

E 3 X n
2

n

a inm I sin* cot sin 3cot dco t .

O
(9)

T he in te g ra l in (9) w hich w ill be ca lled  /  (n) h as  th e  value
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ƒ  (n ) =  / sin" w t sin diot =  —
n — I

n + 3 n + I
/rc, (10)

fo r  n  >

so th a t  (9) can  be w r itte n  in th e  form

2 a £ , f ( n )
^3 = — ot X  (2 , (11)

w h ere  0  =  2 f  (n)/n .
T he fo llow ing  ta b le  gives va lu es  of ƒ  (n) an d  Q fo r  a  num ber 

of v a lues of n

n / ( « ) Q

1.0 0 0
1.5 0.11 0 .07
2.0 0.27 0.17
2.5 0.34 0.215
5.0 0 .3 9 0.25
3.5 0.43 0.275

4. Experimental procedure.

a. A  v e ry  sim ple re a liz a tio n  o f th e  p rincip le  la id  d o w n  in 
S ec tion  3 w o u ld  be th e  fo llow ing.

A  g e n e ra to r  supplies a  p u re  sinuso ida l audio  freq u en cy  c u r
r e n t  to  th e  re s is to r  u n d e r  te s t  in se rie s  w ith  a  h igh-value w ire- 
w o u n d  re s is to r . The am p litu d e  of th e  harm onic  v o ltage  ac ro ss  
th e  re s is to r  is m easu red  an d  a an d  y can  be ca lcu la ted  w ith  
th e  fo rm ulae  of S ec tio n  3 an d  1.

A  num erica l exam ple, h o w ev er, show s th e  difficulties encoun
te re d  in  th is  p ro ced u re . T ak e , fo r  exam ple, a  I w a t t  jo o o f?  
r e s is to r  fo r  w hich  n =  2, so th a t  the  vo ltage  coefficient defin ition  
can  be app lied . A n accep ted  m axim um  va lu e  fo r  good ca rb o n  
re s is to rs  fo r  y is 0.002 °/0 p e r  vo lt, w h ich , fo r  th e  r e s is to r  con
sid e red  h e re , m eans th a t  u n d e r fu ll lo ad  ( Ve/ f  =  3 I -6 volt), ac 
cord ing  to  (5) an d  (6),

A  R  =  0.63 Q  an d  a = 20 Q . A  1 .
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T he am p litu d e  of th e  fu n d am en ta l c u rre n t a t  fu ll lo ad  fo llow s

from  th e  re la tio n  ----zi),X /? =  W  o r  ----- zj* X  IOOO =  I so th a t
2  2

z«= 0.002 an d  acco rd in g  to  (1 1 )

E 3 =  20 X  0.002 X  0.17 =  6.8 X  io -3 V  =  6.8 m V ,

th e  am plitude  of the  fu n d am en ta l v o ltag e  a t  th e  sam e tim e being 
31.6 /  2 =  45 vo lt.

I t  is c le a r  th a t  fo r  th e  execution  o f th e  m easu rem en t in d i
c a te d  he re , th e  harm onic c o n te n t o f th e  g e n e ra to r  m ust be con
s id e ra b ly  less th a n  6.8 m V , th e  harm onic  v o ltag e  g e n e ra te d  in 
th e  re s is to r . T his m eans th a t ,  th e  fu n d am en ta l v o ltag e  being 
45 V , th e  harm onic  c o n te n t o f th e  g e n e ra to r  m ust be less th a n  
I .J  X  IO_2°/0. T h is is, o f course, difficult to  rea lize . I t  is a lso  
difficult to  m easu re  th e  6 m V  harm onic  vo ltag e  in the  p resence  
of 45 V  fu n d am en ta l vo ltage , so th a t  th e  w av e  a n a ly z e r  fo r  
th e  m easu rem en t o f E 3 w ill be com plicated .

b. A n a lte rn a tiv e  m ethod , in w hich  b o th  th e  fu n d am en ta l 
a n d  th e  harm onic  v o ltag e  o f th e  supp ly  a re  b a lan ced  in  a

T he re s is to r  u n d e r in v es ti
g a tio n  R x is in tro d u ced  as 
one of th e  fo u r  a rm s in a  
W h e a ts to n e  b ridge , to g e th e r  
w ith  th re e  w ire -w o u n d  re s is 
to rs , one of w hich is a d ju s t
ab le . A ll fo u r re s is to rs  have 
a p p ro x im a te ly  th e  sam e ohmic 
value . A ud io -frequency  vo ltag e  
is supp lied  to  th e  b rid g e  in 
such a  w a y  th a t  R x is lo ad ed  
to  its  r a te d  w a tta g e . A w ave 

a n a ly z e r  th a t  can  be  tu n ed  to  th e  fu n d am en ta l a s  w ell as to  
th e  th ird  harm onic  v o ltag e  of th e  g e n e ra to r  freq u en cy , is con
n ec ted  to  th e  b rid g e  d iagonal. B rid g e  equilib rium  fo r  th e  fu n 
d a m e n ta l v o ltage  is e s ta b lish e d  b y  m eans of th e  a d ju s ta b le  r e 
s is to r . In  th is  s itu a tio n  b o th  th e  fu n d a m e n ta l an d  th e  th ird  
harm onic freq u en cy  in so f a r  as th e y  a re  p ro d u ced  by  the  
g e n e ra to r  a re  n o t p re se n t in th e  b rid g e  d iagona l, so th a t  m ea
su rem en t o f th e  th ird  harm onic  v o ltag e  in  th e  d iag o n a l now

bridge , w ill be d iscu ssed  now .

th e  m ea su re m e n t o f  h a rm o n ic  p ro 
d u c tio n  in c a rb o n  re s is to rs .
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gives an  u n d is tu rb e d  ind ica tio n  o f th e  harm onics p ro d u ced  in 
R x • L e t  th e  m easu red  v o ltag e  of th e  th ird  harm onic  be  E 3. The 
re la tio n  b e tw e e n  E 3 a n d  th e  value  o f E 3 a s  i t  a p p e a rs  in (8), 
can  be c a lc u la ted  fo r  a  given b rid g e  configuration . I t  is, h o w 
ev er, sim pler to  d e te rm in e  th is  re la tio n  b y  ca lib ra tio n . This 
can  ea s ily  be done b y  in se rtin g  a  given sm all v o ltage  o f an y  
freq u en cy  in se ries  w ith  R x (E;„s in fig. 1) an d  m easu ring  the 
v o ltag e  p ro d u ced  b y  i t  in th e  w av e  a n a ly z e r  in th e  b rid g e  d ia 
gonal. T he m easu red  re la tio n  b e tw e e n  th e se  tw o  v o ltag es  is the  
sam e as th a t  b e tw e e n  E 3 a n d  E 3, p ro v id ed  th e  b rid g e  configu
ra t io n  is th e  sam e in  b o th  cases.

5. Some details of the method.

T he m easu rem en ts  can  be c a rr ie d  ou t w ith  s ta n d a rd  equ ip 
m en t i.e. no excessive re q u ire m e n ts  a re  m ade on th e  w av e  a n a 
ly ze r o r  th e  aud io  freq u en cy  o sc illa to r. T he o sc illa to r  m ust be 
ab le  to  supp ly  th e  r a te d  w a tta g e , w hich  m eans th a t  w h en  e.g. 
a  1 w a t t  r e s is to r  is u n d e r  te s t ,  4 w a t ts  m ust be  supp lied  to  
th e  b rid g e .

T he tra n s fo rm e r  in th e  b rid g e  d iag o n a l m u st h av e  a  c a re 
fu lly  w o u n d  sy m m etrica l p rim a ry  w inding , so th a t  p o in ts  A  
a n d  B  (fig. 1) p re s e n t  th e  sam e p a ra s it ic  im pedance to  e a r th . 
A n e le c tro s ta tic  sc reen  b e tw e e n  p r im a ry  a n d  se c o n d a ry  w ind ing  
m ust be p ro v id e d  in  o rd e r  to  p re v e n t fa lse  b rid g e  equilib rium . 
A  sim ple m eth o d  to  v e r ify  w h e th e r  th ese  cond itions a re  s a t is 
fied is, to  ta k e  fo r  R x a  w ire -w o u n d  r e s is to r  a n d  to  m easu re  
w h e th e r  th e  fu n d a m e n ta l a n d  harm on ic  v o ltag es  in th e  b ridge  
d iag o n a l cancel o u t s im u ltaneously .

6. Some measurements of non-linear behaviour 
of carbon resistors.

A  n u m b er o f re s is to rs  o f d iffe ren t va lu es  a n d  c o n stru c tio n s  
w a s  m easu red  acco rd ing  to  th e  m e th o d  ou tlin ed  in  S ec tions 4 
a n d  5. T he ap p lied  au d io -freq u en cy  w a s  250 c/s, so th a t  m ea
su rem en ts  o f harm on ics w e re  m ade a t  750 c/s. H a rm o n ic s  w e re  
m easu red  a t  a  n u m b er of ap p lied  v o ltag es  up to  th e  r a te d  
v o ltag e . F ig . 2 a  a n d  2b  give th e  va lu es  of E 3 a s  a  function  of 
th e  p e a k  value  of th e  ap p lied  fu n d a m e n ta l v o ltag e , in a  double  
lo g arithm ic  p lo t. F ig. 2a  gives values fo r  c ra c k e d -c a rb o n  re s is 
to rs , 2b  fo r  com position -type  re s is to rs .
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I t  a p p e a rs  from  th e  s tra ig h t  lines in figure 2a, th a t  fo r  
c ra c k e d -c a rb o n  re s is to rs  a  sim ple e x p o n en tia l re la tio n  as ind i
c a te d  b y  (2) an d  (7) is va lid . F o r  com position -type  re s is to rs  no 
such sim ple re la tio n  holds, as is show n b y  th e  cu rv ed  lines in 
fig . 2b.

The value  of th e  exp o n en t n in (2) can  be  d e te rm in ed  from  
th e  g ra p h s  by  m eans of (1 1 ), from  w hich  w e derive

log E 3 = n log im +  log a +log Q . (12)

n tu rn s  o u t to  be th e  ta n g e n t o f th e  lines in fig. 2a, assum ing

P e a k  v a lu e  o f th ird  h a rm o n ic  v o ltag e  p ro d u c e d  b y  th e  
p a ssa g e  o f  a  c u r re n t  im sin  (ot th ro u g h  a  re s is to r  R a as 

a  fu n c tio n  o f  Ra •
F ig . 2a  v a lu e s  fo r  c ra c k e d -c a rb o n  re s is to rs  
F ig . 2b  v a lu es fo r  co m p o s itio n -ty p e  re s is to rs .
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th a t  a (and  so log a) is in d e p e n d e n t of te m p e ra tu re . Since the 
p o in ts  of th e  lines of fig. 2 a re  m easu red  a t  d iffe ren t v o ltages, 
w hich  m eans d iffe re n t te m p e ra tu re s  o f th e  re s is to r , log a in ( 12) 
w ou ld  no t be a  c o n s ta n t if  a w e re  a  function  o f te m p e ra tu re . 
In  S ec tion  9 i t  w ill be  show n b y  s e p a ra te  m easu rem en ts  th a t  
a is in d eed  only s lig h tly  d ep en d en t on te m p e ra tu re , so th a t  
log a can  be ta k e n  as a  co n stan t.

7. Verification of the method.

F o r  th e  com p o sitio n -ty p e  re s is to rs , w h e re  th e  n o n -lin ea r ef
fec ts  a re  im p o rta n t, th e  co n v en tio n a l m ethod  o f S ec tion  2, viz.

a d ire c t c u r re n t m ethod , gives 
re liab le  re su lts , so th a t  in 
th e se  cases  a  com parison  can 
be m ade w ith  th e  n ew  m ethod  
p ro p o sed  in th e  p re s e n t  a rtic le .

O n e  o f th e  r e s is to rs  o f fig. 
2b, th e  1 200 Q  one, w a s  cho
sen  fo r  th is  p u rp o se  an d  its  
re s is ta n c e  fo r  a  n u m b er of 
d iffe ren t v o ltag es  in a  W h e a t 
stone  b rid g e  w a s  m easu red  
b y  m eans o f d ire c t c u rre n t. 
T he v o ltag e  w a s  ap p lied  fo r 
th e  s h o r te s t  tim e n ecessa ry  
to  m ake re a d in g  possib le . 

Fig. 3 gives A R, th e  d ev ia tio n  o f th e  a c tu a l re s is ta n c e  from  th a t  
m easu red  w ith  a  v e ry  sm all v o ltag e , as a  function  of the  
ap p lied  vo ltage . I t  p ro v es to  be  possib le  to  re p re s e n t the 
fu nc tion  b y

A  R  = 7 .0 X  io -3 X  V l6° (13)

O n  the  o th e r  han d , th e  m easu rem en ts  o f harm on ic  p ro d u c tio n  
of th is  r e s is to r  as show n  in fig. 2b enab le  us to  d e te rm in e  A R .  
F rom  the  ta n g e n t of th e  slope of th e  function , i t  a p p e a rs  th a t  
n is 2.35, so th a t  Q in (10) =  0.22 . F o r  30 v o lt w e re a d  from  
th e  g ra p h  E n =  9 X  IO-3 V  an d  R a being  I 140 Q, su b s titu tio n  in 
(1 1 ) y ie ld s

E 3 E 3 X  K  _  9 X  IQ~3 X  1 140"
C  X  Q ~  V " X  Q ~~ ~ 30" X  0.22

0 _________ tO__________________ 20__________________30
► V

%
î n

»A
S'X N

1
n

F ig . 3.
A R  a s  a  fu n c tio n  o f  th e  v o ltah e  ac ro ss  
a  re s is to r , d e te rm in e d  b y  tw o  m ethods,
------------------- b y  a  D C  m eth o d
------------------- b y  h a rm o n ic  p ro d u c tio n

m easu rem en t.

a
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S u b s titu tio n  in (3) gives

345

R  =  a r 1 =  a X
j r

r :

9 X  i o  3 X  1 140" V ”
30“ X  0.22 1140”

=  9 X  IO  3 X  II4 0 _ X  y i . 55 =  7 _g X  IO -3  X  J7'-55 

3o”'55 X  0.22

T he d o tte d  line in fig. 3 re p re se n ts  th is function . I t  w ill be 
seen  th a t ,  a lth o u g h  th e  value of th e  ex p o n en t in (13) an d  (14) 
is s ligh tly  d iffe ren t the  o v e r-a ll re p re se n ta tio n  of th e  re su lts  
of b o th  m ethods gives co n sis ten t v a lues.

I t  w o u ld  be v e ry  in te re s tin g  to  com pare th e  re su lts  of b o th  
m eth o d s fo r  th e  c ra c k e d -c a rb o n  re s is to r  in fig. 2a. T he difficulty 
is obvious from  th e  fo llow ing. T he ca lcu la tio n  o f th is  S ec tion  
ap p lied  to  th e  1200 Q  re s is to r  in fig. 2a  w o u ld  give a  A R  
va lue  a t  fu ll lo ad  o f 0.02 Q. In  S ection  2 it  w a s  m en tioned  th a t  
th e  m easu rem en t of such sm all re s is ta n c e  v a ria tio n s  is seriously  
h am p ered  b y  the  h ea tin g  of the  re s is to r  by  the  m easuring  c u r
re n t  even fo r  a v e ry  sh o r t  m easuring  tim e. T he n ex t S ection  
w ill give some d e ta ils  a b o u t th is  h ea tin g -u p  effect.

8. Heating by the measuring current.

R x , the  re s is to r  to  be t e s t 
ed , is ag a in  p a r t  o f a  W h e a t 
sto n e  b ridge , w hich  is a p p ro x 
im ate ly  b ro u g h t in to  equ ili
b rium  b y  m eans of th e  v a r i 
ab le  re s is ta n c e  R v . A t a  m o
m ent t  — O th e  v o ltag e  is a p 
p lied  to  the  b rid g e  c ircu it an d  
th e  g a lv an o m e te r is re a d  as 
a  function  of tim e. F rom  th is  
the  value o f R x a s  a  function  of 
tim e a f te r  the  sw itch in g  on of 
the  c u rre n t can be ca lcu la ted  
o r d e te rm in ed  b y  ca lib ra tio n .

In  fig. 5 th e  re s is ta n c e  is p lo tte d  as a  function  of tim e in 
such a  w a y  th a t  <5R,  th e  d ifference of th e  re s is ta n c e  value 
a t  tim e t  co m p ared  w ith  th e  in itia l value, is given as  a  function  
of tim e. T he th re e  exam ples give th re e  d iffe ren t ty p e s  of h e a t
ing effect. In  fig. 5a, re p re se n tin g  th e  b eh av io u r o f th e  c rack ed -

th e  m easu rem en t o f  th e  re s is tan c e  
ch an g e  d/\ d u e  to th e  h e a tin g  effect 

o f  a  c u rre n t.



346 C. E. Mulders

ca rb o n  re s is to r  of 1200 Q  in fig. 2a, ÔR can  be a c c u ra te ly  d e s
c rib ed  b y  an  e x p o n en tia l function  w ith  one tim e-co n stan t

<5 R  = -  i 8 ( i - e ~ ‘u °) ,

w h e re  t  is ex p re sse d  in seconds.
F o r  th e  com position-type  re s is to r  in fig. 5b, w e find

6 R = -  i o (e -iho° -  i) 20  ( e
-th$

0

Fig. 5c re p re se n ts  a  re s is to r  
fo r  w hich  th e  re s is ta n c e  is n o t 
a  lin e a r  function  o f te m p e ra tu re  
so th a t  an  ir re g u la r  h ea tin g  curve 
re su lts .

F rom  th e  func tions show n  in 
fig. 5a a n d  5b fo r  w hich  a  sim ple 
m a th em a tica l exp ression  can  be 
found, an e s tim a tio n  can  be m ade 
of th e  re s is ta n c e  change im m e
d ia te ly  a f te r  th e  sw itch ing  on of 
th e  c u rre n t. In  th e  case o f fig. 
5a, 6R  is 0.045 an d  0.45 12 a f te r  
0 .1 an d  1 sec re sp ec tiv e ly . T his 
value o f O.045 @ com pares v e ry  
u n fa v o u ra b ly  w ith  th e  0.02 Q  

c a lc u la ted  fo r  th e  n o n -lin ea r e ffec t o f th e  sam e r e s is to r  a t  fu ll 
lo a d  (see end  of p reced in g  Section). T h is m eans th a t  even  a f te r  
so s h o r t  a  tim e as O. I sec th e  re s is ta n c e  change due to  h ea tin g  
is a lre a d y  m ore th a n  doub le  th e  one to  be ex p ec ted  from  the  
n o n -lin ea r effect.

F ig . 5.
R e s is ta n c e  ch an c e  S R  ifig. 4) as a  
fu n c tio n  o f  tim e fo r  th re e  re s is to rs  

o f  d iffe ren t co n stru c tio n .

9. Temperature dependence of a.

10 20_________30
—► v

1
n

***■»*

F ig . 6.
a s  a  fu n c tio n  o f  F  a t tw o  

te m p e ra tu re s .
-------------------  a t  70° C
-------------------  a t  90° C

I t  w a s  m en tioned  in S ec tion  
6 t h a t  th e  ca lcu la tio n s m ade 
a re  th e re  v a lid  only  if  a is in d e 
p e n d e n t of te m p e ra tu re . T h a t  
th e  l a t te r  is in d eed  th e  case 
can  be p ro v e d  b y  using a  r e 
s is to r  w ith  p ro n o u n ced  non
lin e a r  effects.

F ig u re  6 gives th e  m easu re-
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m ent o f A R  a s  a  function  o f V  w ith  sh o r t  pu lses of D C  fo r 
tw o  te m p e ra tu re s  of 20° an d  70° C  re sp ec tiv e ly . I t  w ill be seen 
th a t  fo r  th is  r a th e r  la rg e  te m p e ra tu re  d ifference A R  does n o t 
change v e ry  much so th a t  in v iew  of th e  lim ited  acc u ra cy  suffi
c ien t fo r  th is  k ind  of m easu rem en ts  i t  w ill be a llo w ed  to  n e 
g lec t th is  se co n d -o rd e r effect.

10. Conclusions.

a. T he co n v en tio n a l m ethod  of de te rm in in g  th e  n o n -lin ea r p ro p 
e r tie s  of ca rb o n  re s is to rs  is on ly  ap p licab le  to  re s is to rs  
w h e re  th is  effect is a p p rec iab le  e.g. com position-type re s is 
to rs .

b. T he  concep t of vo ltag e  coefficient is only  a p p licab le  to  cases 
w h e re  in eq u a tio n  (2) n =  2. T his is tru e  only  in a lim ited  
num ber of cases.

c. T he  co n v en tio n a l m ethod  c an n o t be ap p lied  to  good re s is to rs  
b ecau se  even m easuring  tim es as sh o r t  as O. I sec. give 
h ea tin g -u p  effects th a t  can  be se v e ra l tim es g re a te r  th a n  
th e  effect w e w a n t to  m easure .

d . A m ethod  is p ro p o se d  th a t  is b a se d  on th e  m easu rem en t 
of th e  p ro d u c tio n  of harm onics an d  does n o t p re se n t the  
difficulties in d ica ted  in c. T h is m ethod  h as  th e  a d d itio n a l 
a d v a n ta g e  th a t  the  m easu red  q u a n tity , viz. th e  am plitude  
of the  harm on ics p ro d u ced , is in fac t, in th e  m a jo rity  of 
cases, th e  re a so n  w h y  w e a re  in te re s te d  in  th e  no n -lm ear 
effects o f re s is to rs .

e. F o r  re s is to rs  w ith  p ronounced  no n -lin ear b eh av io u r, w h ere  
b o th  m ethods could  be used , th e  a g reem en t b e tw e e n  the 
re su lts  tu rn e d  o u t to  be qu ite  s a tis fa c to ry .

A c k n o w l e d g e m e n t .

I am in d e b te d  to  M r. W .  E . K n i p  fo r  his v a lu ab le  a s s is 
tan ce  in th is  in v estig a tio n .
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f i l f '

F ig . 1
E a r ly  tr ig g e r  c irc u it
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s ta g e  o r  n o t, depends on m any fa c to rs , some o f w h ich  w ill be 
re v iew ed  h e re a f te r .

R ad io  an d  sw itch ing  have  now  a  com m on b ase  in th e  form  
o f a  g roup  o f e lem ents w hich  a re  u sed  in b o th  techn iques. T he 
design  m ethods in ra d io  an d  sw itch ing , h o w ev er, a re  com plete ly  
d ilfe ren t. R ad io  is an  a r t  o f tran sm iss io n  of in fo rm ation , w hile 
sw itch ing  concerns p ro cessin g  of in fo rm atio n . T he in fo rm ation  
to  be p ro cessed  is g en era lly  in d ig ita l o r  coded form . A  w idely  
u sed  form  is coding in th e  form  o f b in a ry  num bers, w hich  con
s is t o f th e  d ig its 0 an d  1 only . B in a ry  num bers can  be s to re d  
on b is ta b le  sw itch ing  elem ents. A  re la y  is a  ty p ic a l exam ple of 
such an  e lec tro -m echan ica l e lem ent. M a n y  ty p e s  w ith  d iffe ren t 
w ind ings an d  sp ring  se ts  have  been  developed . In  th e  la s t  few  
y e a rs  it  has p ro v ed  possib le , b y  a p p ly in g  sy s tem a tic  c ircu it 
design  m ethods, to  s ta n d a rd ise  on a  few  ty p es , w hich  can  be 
m achine-m ade.

2. Electronic building stones

In  th e  beginning  o f th e  d ev e lopm en t of e lec tron ic  sw itch ing  
c ircu its  a  bu ild ing  s to n e  an a lo g u s  to  a  re la y  w a s  m issing. I t  
h as  been  one of th e  m ost im p o rta n t p ro jec ts  o f the  S w itch ing  
L a b o ra to ry  to  develop  such an  e lec tro n ic  bu ild ing  stone. In  1959 
th is  la b o ra to ry  s ta r te d  to  develop  fu lly  e lec tro n ic  sw itch ing  
techn iques w ith  d iodes a n d  trio d es . T he design  o f 5 bu ild ing  
sto n es, o f w hich a  tr ig g e r  w a s  th e  m ost im p o rta n t one, has

been  finished in th e  sp ring  
o f 1951. T his bu ild ing  stone 
is show n in fig. 1 , its  c ircu it 
in fig. 3. I t  consists  o f a  
double  tr io d e  (E 9 0 C C  P h i
lips) on to p  of a  cy lin d rica l 
alum inium  cover (w hich  has 
been  rep laced  in th e  p h o to 
g ra p h  o f fig. 1 b y  a  p e rsp ex  
cover) con ta in in g  th e  re s is 
to rs  o f th e  tr ig g e r  c ircu it. 
A 12-pin tu b e  so c k e t closes 
th e  b o tto m  of th e  alum inium  
cover. T w o  sm all neon  tu b es 
a re  p laced  on to p  of th e  

cover. T h e y  in d ica te  th e  p o sitio n  of th e  trig g e r.
A  tr ig g e r  c ircu it can  be co m p ared  in m any cases  w ith  a  re la y

■ M r*-----T H H 1"
< l h ^ ------

- i h ^ —

F ig . 2
A  re la y  c o n tro llin g  fo u r  o th e r  re lay s
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w ith  one m ake an d  one b re a k  co n tac t. I t  is possib le  in e lec tron ic  
sw itch ing  to  c o n tro l a much la rg e r  num ber o f o th e r  c ircu its  b y  
m eans o f d iode g a tes . T h ese  d iode g a te s  a re  th e  eq u iv a len ts  of 
th e  co n tac ts  in re la y  c ircu its . F ig. 2 show s a  re la y  c ircu it in 
w hich  a  r e la y  co n tro ls  fo u r  o th e r  re la y s  W , X ,  Y, a n d  Z . F ig 3

+ +

show s th e  e q u iv a len t e lec tro n ic  c ircu it in  w hich a  tr ig g e r  A  
co n tro ls  fo u r tu b e s  IV, X ,  Y, a n d  Z . T he  d iodes D , up  to  i ?4 
function  in a  w a y  an a lo g o u s to  th e  co n tac ts  a, up  to  ar  T he 
re la y s  can be co n tro lled  b y  a  p lu ra li ty  of co n ta c ts  as is ind i
c a te d  b y  th e  m ultip le  a r ro w s . T he e lec tro n ic  e lem ents W , X , Y, 
a n d  Z  can  be c o n tro lle d  by  a  p lu ra li ty  of d iodes, co nnec ted  to  
o th e r  tr ig g e r  c ircu its .

T he re s is to rs  of th e  tr ig g e r  show n in fig. 1 h av e  an  accu racy  
o f 5 % . T he d ev e lo p m en t of th is  tr ig g e r  w a s  re a d y  in the  sp ring  
of 1951. T he nom inal w o rk in g  v o ltag e  is 220 v o lts  dc, b u t the  
tr ig g e r  o p e ra te s  on v o ltag es  from  130 v o lts  up  to  300 vo lts .

A  sp ec ia l p rob lem  in design ing  th e se  bu ild ing  s to n es  w ith  
h igh vacuum  tu b e s  fo rm s th e  h e a t d iss ip a tio n  of th e  filam ents 
(a b o u t 2.5 w a t ts  p e r  tu b e ) a n d  o f th e  an o d e  c u r re n t  (a b o u t
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F ig . 4
O p e n  tr ig g e r  c irc u it w ith  b u ilt-in  d iodes.
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of e lem ents. T he p lug  c o n ta c ts  w hich  form  a  p a r t  of th e  c o p p e r
p la tin g  of th e  c a rd  a re  g o ld -p la ted . T hese  c a rd s  have  th e  g re a t 
a d v a n ta g e  th a t  w irin g  fa u lts  a re  im possib le in th e  rep ro d u c tio n . 
M o re o v e r each  ca rd  is an  e x a c t copy of th e  o rig inal c ircuit, 
w hich  en su res  a  g re a t  s ta b il i ty  in th e  final p ro d u c t. T hese ca rd s  
a re  w ell su ited  fo r  m achine in se rtio n  of com ponents an d  fo r  
d ip  so ldering .

V e ry  com plex a u to m a tic  e lec tro n ic  c ircu its  can  be designed  
w ith  th e se  com ponents. I t  does n o t belong  to  th e  scope of th is  
a r tic le  to  rev iew  a ll th e  possib ilities . T h ere  a re  o th e r  com ponents 
w hich can  be  u sed  in sw itch ing , an d  w hich have  n o t been  d es
c rib ed  here . T he m ost im p o rta n t one is the  m agnetic  core, w hich 
h as  tw o  s ta b le  m ag n e tised  cond itions. O th e r  com ponen ts as 
e.g. th e  so -ca lled  fe rro -e lec tr ic  m a te ria ls  a re  u n d e r developm ent, 
b u t have  n o t re a c h e d  th e  p rac tica l-  s tag e . I t  w ou ld  go to o  fa r  
to  d esc rib e  a ll th e  fu tu re  p o ssib ilitie s  in th is  a r tic le  w hich  has 
been  confined to  th e  d esc rip tio n  of som e p ra c tic a l e lec tro n ic  
bu ild ing  s to n es  fo r  sw itch in g  p u rp o ses .
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A  portable instrum ent for m easurem ents 
on interm ediate-frequency level 

on frequency m odulated m icrow ave radio links

by J. W . A. van der Scheer *)

Summary

A  d e sc rip tio n  is g iven  o f  a  p o rta b le  in s tru m e n t u sed  fo r m easu rin g  c h a r 
a c te r is tic s  o f  f req u e n c y  m o d u la ted  m ic ro w a v e  ra d io  lin k s . T h e  m easu rem en ts  
a re  c a rr ie d  ou t in  th e  i.f. b a n d  (freq u e n c y -ra n g e s  6 0 —80 M c /s  o r  9 5 —* 
115 M c /s )  a n d  invo lve  a m p litu d e  a n d  g ro u p  d e la y  v a r ia tio n s  v e rsu s  f r e 
q u e n c y  (w ith  a n  a c c u ra c y  b e tte r  th a n  0,1 d B  a n d  1 /zsec re sp ec tiv e ly ), 
th e  l in e a rity  o f  th e  d isc r im in a to r  (w ith in  1 % ) a n d  th e  re flectio n -co effic ien t 
o f  th e  in p u t a n d  o u tp u t o f  i.f. u n its  u p  to  0 .01 . T h e  m ea su re d  c h a r a c te r 
is tic s  a re  m ade  v isib le  on a  c .r . tub e .

S e p a ra te  i.f. co m p o n en ts  can  be  m ea su re d  a s  w e ll a s  the  o v e ra ll b e 
h a v io u r o f  a  lo n g -d is ta n c e  c ircu it. M o re o v e r  o n e -w a y  m ea su re m e n ts  can  
be m ade .

T h e  in s tru m e n t is d e v e lo p ed  b o th  fo r  th e  m a in ten a n ce  o f  m ic ro w av e  
eq u ip m e n t a n d  fo r la b o ra to ry  te s ts .

1. Introduction.
In  tra n sm ittin g  w id e -b an d  in fo rm atio n  e.g. m u ltichanne l te le 

p hony  o r te lev ision  (50 c / s —5 M c/s) o v e r a  ra d io -p a th , use is 
f re q u e n tly  m ade of m icrow ave  links on cen tim e te r w av es w ith  
freq u en c ies  b e tw e e n  4,000 a n d  11,000 M c/s , freq u en cy  m o d u la 
tio n  being  app lied .

F o r  such a  tran sm issio n  high dem ands a re  u su a lly  m ade on 
th e  q u a lity  an d  th e  s ta b il i ty  of th e  link . O n  th e se  frequencies 
a tm o sp h erics  a re  n o t im p o r ta n t b u t  the  ra d io  signals  a re  su b jec t 
to  fad ing . B esid es  the  q u a lity  of th e  tran sm iss io n  is d ep en d en t 
on th e  th e rm a l noise level an d  th e  d is to r tio n  caused  b y  the  
epu ipm en t. In  w h a t  fo llow s special a tte n tio n  w ill be p a id  to  
d is to rtio n .

D is to r tio n , w hich  in te lev ision  e.g. gives rise  to  a  less good 
g ra d a tio n , an d  in m u ltichanne l te lep h o n y  to  c ro ss ta lk  an d  in te r 
m od u la tio n  noise is to  a  la rg e  e x te n t in tro d u c e d  in th e  i.f. p a r t  
o f the  m icrow ave ra d io  equ ipm en t. [1] [2] [3]

) R a d io  la b o ra to ry .
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If, ta k in g  in to  acco u n t th e  tech n ica l possib ilitie s , th e  m ax im ally  
adm issib le  d is to r tio n  co n tr ib u tio n s  a re  d iv ided  so m ew h a t equally , 
c e r ta in  req u irem en ts  can  be d ra w n  up fo r  th e  s e p a ra te  com 
p o n en ts  such a s  am plifier, lim ite r, d isc rim in a to r  a n d  m o d u la to r.

S pecification  o f th e  co n tr ib u tio n s  o f th e  v a rio u s  com ponents 
h as  th e  a d v a n ta g e  th a t  p a r ts  can  be  re p la c e d  w ith o u t r e -a d 
ju s tm e n t an d  w ith o u t th e  adm issib le  d is to r tio n  being exceeded . 
T his p ro ced u re  w ill p ro m o te  th e  re lia b ili ty  of th e  equ ipm ent, 
w h ich  is o f course  m ost im p o r ta n t in th e  P T T -se rv ice .

F o r  th e  d eve lopm en t, the  a d ju s tm e n t a n d  th e  m ain ten an ce  of 
th e  m icrow ave eq u ip m en t a n d  fo r  th e  checking of th e  equ ipm en t 
b e fo re  being a c c e p ted  from  th e  m a n u fa c tu re rs , i t  w a s  n e c e s sa ry  
to  h av e  an  easily  tr a n s p o r ta b le  m easu ring  s e t  a v a ilab le , b y  
m eans of w hich  th e  p ro p e rtie s  of th e  v a rio u s  com ponen ts could  
be de te rm in ed .

H e re a f te r  a  b r ie f  d e sc rip tio n  w ill be given of th e  m easu ring  
se t w hich  w a s  dev e lo p ed  in  th e  P T T  D r  N e h e r  la b o ra to ry , 
an d  w hich  is su ita b le  fo r  th e  m ak ing  o f th o se  m easu rem en ts  
on in te rm e d ia te  freq u en cy  leve l w hich  a re  o f im p o rtan ce  fo r  th e  
re lia b ility  o f a  m icrow ave  ra d io  link. In  th is  connection  th e re  
m ay  be m en tioned  : A m plitude  a n d  g roup  d e lay  v a r ia tio n s  as 
function  of th e  frequency , lin e a r ity  o f th e  d e m o d u la to r  a n d  th e  
reflec tion  coefficient a t  th e  te rm ina ls.

2. Principle of the measurements.

T he b lock  schem atic  d iag ram  (fig. 3) gives th e  m ain  e sse n tia ls  
of th e  m easu rin g  se t, consisting  of tw o  p a r ts  : th e  send ing  an d  
receiv ing  u n it. T he fre q u e n c y  ran g e  on i.f. level is c e n tre d  ro u n d  
70 o r  105 M c /s . C h a ra c te r is tic s , w h ich  a re  d isp la y e d  on a  ca 
th o d e -ra y  tu b e , a re :
a . th e  am p litu d e  v e rsu s  fre q u e n c y
b. th e  g roup  d e la y  v e rsu s  f req u en cy
c. th e  d isc rim in a to r-cu rv e
d. th e  reflec tion  coefficient a t  th e  connection  po in ts .

T he scann ing  o f th e  freq u en cy  ran g e  to  be  m e a su re d  is ef
fe c tu a te d  b y  m eans o f a  so -ca lled  M eg a sw e e p , b e ing  p a r t  of 
th e  sending  un it. T he M e g asw eep  is e ssen tia lly  an  o sc illa to r  
v a ry in g  re la tiv e ly  s lo w ly  in freq u en cy , ( i te ra tiv e  freq u en cy  50 c/s) 
an d  co n sis ts  in p rin c ip le  o f  tw o  k ly s tro n s  (a  a n d  b), o p e ra tin g  
on a fre q u e n c j' o f a p p ro x im a te ly  9,000 M c /s  w ith  a  70 o r 
105 M c /s  m ean  b e a t-freq u en cy . T he k ly s tro n  a  is freq u en cy  m o
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d u la te d  b y  th e  h o rizo n ta l deflection  v o ltage  of the  oscilloscope 
(m axim um  d ev ia tio n  of +  15 M c/s).

T he o u tp u t v o ltage  of the  c ry s ta l  m ixer is v e ry  sm all and  
m o reo v er show s am plitude  m odu la tion , w hich  m akes am plify ing  
by  a  w ide b a n d  am plifier an d  lim iting n ec e ssa ry  (G ro u p -d e lay  
v a r ia tio n s  in th e  m easuring  equ ipm en t a re  c o rre c te d  b y  a  p h a se 
equaliz ing  n e tw o rk ). F o r  some m easu rem en ts  i t  is n e c e ssa ry  to 
have  su p e rp o sed  on th e  slow  freq u en cy  v a r ia tio n  ol th e  M e g a 
sw eep  a m ore ra p id  v a r ia tio n  w ith  a  c o n s tan t, sm all d ev ia tion . 
T h is is e ffec tu a ted  by  m eans of freq u en cy  m o du la tion  of the  
k ly s tro n  b.

2.1. Measurement of the amplitude frequency characteristic.

A signal w ith  a  doub le  freq u en cy  m odu la tion  p a sse s  th rough  
the  i.f. u n d e r  te s t. T he freq u en cy  m od u la tio n  co nsists  o f a  slow  
one o v er th e  en tire  b a n d  to  be m easu red , co n tro lled  b y  the 
h o rizo n ta l deflection  v o ltag e  of the  oscilloscope an d  one w ith  
high freq u en cy  an d  sm all d ev ia tion . T he index  of the  la s t-m e n 
tio n ed  m odu la tion  is chosen  sm alle r th a n  1 , so th a t  th e  f r e 
quency -spec trum  co nsists  m ain ly  of a  c a r r ie r  an d  tw o  sid eb an d s.

D e p e n d e n t on the slope of th e  am plitude  fre q u e n c y -ch a ra c te r
istic  th e  freq u en cy  m o d u la ted  signal w ill v a ry  in am plitude. 
A f te r  am p litu d e  d e tec tio n  a t  th e  o u tp u t o f th e  n e tw o rk  and  
se lec tive  am plification  of th e  high m o du la tion  freq u en cy  the  la s t  
signal is supp lied  to  the  oscilloscope, th e  slope being d isp lay ed  
on th e  c.r. tu b e  as fu nc tion  of th e  freq u en cy .

T he d e te c to r  (fig. 1) h a s  been  deve loped  as a  special coax ial 
d e te c to r  w ith  a  fla t am p litu d e  an d  p h ase  c h a ra c te r is tic  up to  
1,000 M c/s. T his d e te c to r  can  se rv e  as  an  e lem en t in a  c ircu it 
o r  if  te rm in a te d  w ith  its  c h a ra c te r is tic  im pedance of 75 ohm as 
a  lo ad  im pedance a t  th e  o u tp u t of an  i.f. am plifier. T he d e te c to r  
consists  o f a  c ry s ta l  d iode an d  a  lo w -p ass  filte r co n ta in ed  in 
a  piece of coax ia l co n d u c to r hav ing  a so m ew h at la rg e r  d iam e te r  
th a n  th e  s ta n d a rd  ty p e . T he o u tp u t is a t ta in a b le  a t  th e  u p p er 
side. A  second p lug  se rv es  fo r  th e  in jection  o f the  signal of 
th e  freq u en cy  m a rk e r  o sc illa to r.

2.2. Measurement of group-delay variations.

To d e te rm in e  g ro u p -d e lay  v a r ia tio n s  as function  of th e  f re 
quency  a  m ethod  is u sed  w hich  w a s  app lie  d  b y  N y  q u i s t  in 
1930. [4]
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F ig . 1.
C o ax ia l d e te c to r.

T he p rin c ip le  ot the  m easu rem en t is show n in f ig .‘2 ju s t  as 
in 2 .1 . a double  freq u en cy  m odulation  ol the  iM egasw eep is 
e ffec tu ated .

T he o u tp u t of th e  n e tw o rk  u n d e r te s t  is supp lied  to  th e  am 
p litu d e  d e te c to r  an d  then  am plification  of the  m odu la tion  f r e 
quency  is e ffec tu a ted . D e p e n d e n t on th e  d e riv a tiv e  of the  p h ase

iin
c h a ra c te r is tic  of the  n e tw o rk  = r (n = ph ase  angle) the

a Co
phase of the  d em o d u la ted  signal w ill be sh ifted  w ith  re sp ec t

SAW TOOTH OUTP VOLTAGE
VOLTAGE FROM TO OSCILLOGRAPH
OSCILLOGRAPH

Fig . 2.
S im plified  b lo ck  sch em atic  d iag ra m  
o f the  m ea su re m e n t o f  g ro u p  d e lay .
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B lo ck  sch em atic  d ia g ra m  o f th e  w h o le  eq u ipm en t.
a. k ly s tro n  o sc illa to r
b .
c. m ixer
d. p h a se  e q u a lize r
e. am plifie r (70  o r  105 M c /s )
f. lim ite r  (7 0  o r 105 M c /s )
g. a tte n u a to r
h . x ta l  o sc illa to r  250  k c /s
i. ,, ,, 60  k c /s

k. c ab le  Z 0 —  50  ohm  (2 0  m eter)
l. ,, Z 0 =  75 o hm  (12 m ete r)

m. coax ia l d e te c to r
n . lim ite r
o. d isc r im in a to r
p . p h a se  c o m p a ra to r
r. f req u e n c y  m ark in g  o sc illa to r
s. x ta l  filte r 2 5 0  k c /s
t. p h a se  a d ju s te r

u . am p lifie r 60  k c /s
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to  th e  p h ase  o f th e  m o du la ting  signal. T his p h ase  difference 
is now  m easu red  by  m eans of th e  p h ase  c o m p a ra to r . I t  is p ro 
p o rtio n a l to  th e  g ro u p -d e la y  r and  to  th e  freq u en cy  p  of the  
m o du la ting  signal

<p = 2npr

B ecause  o f noise c o n s id e ra tio n s  an d  th e  d e s ira b ility  o f m ea
su ring  g roup  d e lay  v a r ia tio n s  o f I «sec ( i o ^ s e c )  a c c u ra te ly , 
p  should  be given th e  h ig h es t possib le  value, th e  u p p e r  lim it 
being  given by  a  sufficient am o u n t o f th e  re so lv ing  p o w er. So 
a  com prom ise h ad  to  be found  an d  a  freq u en cy  of 250 kc /s  
w a s  u ltim a te ly  decided  on. In  th is  case  a  g ro u p -d e lay  of I «sec 
re s u lts  in a  p h a se  sh if t o f cp = O.090.

In  th is  connection  it m ay be s ta te d  th a t  a  m easu ring  eq u ip 
m en t fo r  te lev ision  rece iv e rs  an d  deve loped  b y  v an  W e e l  o p e ra te s  
w ith  am p litu d e  m odula tion . H o w e v e r, th is  eq u ip m en t is n o t 
v e ry  su ita b le  fo r  m easu rem en ts  on f.m. sy s tem s, b ecau se  of the  
lim ite rs  co n ta in ed  in th e  la t te r .  [5] S e v e ra l in s tru m en ts  have  
been  c o n s tru c te d  fo r  th e  m easu rem en t of g roup  d e lay  in f.m. 
system s. [6] [7] [8]

3. Measuring method.

F igu re  4 is a  f ro n t  v iew  of th e  m easu ring  equ ipm ent. The 
a rra n g e m en t can  be b u ilt  up b y  m eans of sh o r t  pieces of cab le . 
B y  in te rch an g in g  th e  p a r ts  d, e a n d  f  of th e  sending  u n it an d  
th e  p a r ts  « an d  o of th e  receiv ing  un it, i.f. am plifiers w ith  a 
c e n tra l  freq u en cy  o f b o th  70 an d  105 M c /s  can  be m easu red . 
See b lock  schem atic  d iag ram  fig. 3.

3.1. Measurement o f the amplitude frequency characteristic of an 
i.f. amplifier.

T he am plifier to  be te s te d  is connected  to  th e  o u tp u t of the  
sending un it, if re q u ire d  v ia  a  m atch ing  n e tw o rk . T he o u tp u t 
o f the  am plifier is fed  to  th e  co ax ia l d e te c to r  te rm in a te d  by  
75 ohm.

T he inpu t 9 o f k ly s tro n  a is co nnec ted  to  th e  h o riz o n ta l 
deflection  v o ltag e  o f th e  oscilloscope a n d  th e  d e te c to r  o u tp u t 
to  th e  v e r tic a l deflection  in pu t. T he am p litu d e  fre q u e n c y  c h a r
a c te r is tic  becom es visib le on th e  screen . B y  in se rtin g  a  1 dB  
a t te n u a to r  a n d  b y  m aking  use o f th e  d.c. in p u t o f a  T e k tro n ix
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F ig . d.
G en era l a p p e a ra n c e  o f  sen d in g  u n it (b e lo w ) a n d  the  rece iv in g  u n it (ab o v e).
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Fig . 6.
a. d isc r im in a to r  o u tp u t a s  fu n c tio n  o f th e  freq u e n c y
b. slope o f  th e  d isc r im in a to r
c. to p  o f  figure  6b  five  tim es am plified .
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Fig . 7 .
a. am p litu d e  v a r ia tio n s  a t  th e  b eg in n in g  o f  a  12 m long  cab le  w ith  a p 

p re c iab le  m ism atch  a t  th e  en d  ( £ = 0 . 0 9 )
b. a m p litu d e  v a r ia tio n s  a t  th e  b eg in n in g  o f  th e  sam e cab le  te rm in a ted  

w ith  th e  in p u t o f  a  lim ite r  (£ <C 0 .003).

In  o rd e r  to  be  ab le  to  d e te rm in e  th e  reflection  coefficient of 
an  in p u t o r o u tp u t, th e  am plifier is connected  v ia a  long cab le  1 
(p re se n t in th e  sending  un it) to  the  o u tp u t 1 , th e  coax ia l de
te c to r  being  in se rte d .

A t a  60 to  80 M c/s  d ev ia tio n  th e re  w ill be vo ltage  v a ria tio n s  
a s  function  of th e  freq u en cy  (fig. 7). A  sim ple d ev ia tio n  show s 
th a t  th e  reflec tion  coefficient

K  =
€  m a x  £ miti

€  m a x  & m in

In  th is  fo rm u la  emax =  th e  m axim um  v o ltag e  on th e  d e te c to r  
emi„ =  th e  minimum v o ltag e  on th e  d e te c to r .
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H e re  too  the  c a lib ra tio n  of the  am p litu d e  v a r ia tio n  can be 
m ade by  ap p ly ing  a  1 dB  a tte n u a tio n .

Fig. 7 a  re fe rs  to  a 75 ohm cab le  te rm in a te d  w ith  a  62 ohm 
ca rb o n  re s is to r . T he reflection  coefficient is O.09, w h ich  c o r
re sp o n d s  w ith  th e  fo llow ing  c o m p u ta tio n :

K  =
75 ~  62 
75 +  62

0.09

The re tu rn  loss is 20 log K  =  21 dB .
Fig. 7b sh ow s th e  curve of th e  in p u t o f a  lim iter. B y  the 

in se rtio n  of an  in p u t filte r th e  re tu rn  loss o v e r the  b an d  60 — 
80 M c/s  is b e t te r  th a n  30 dB .

3.4. M easurem ent o f  the group delay variation o f  an i .f .  am plifier.

l o  d e te rm in e  th e  g ro u p  d e lay  v a r ia tio n  th e  connection  1 of 
th e  send ing  u n it is co nnec ted  to  the  in p u t of th e  am plifier; the  
o u tp u t is co nnec ted  to  th e  connection  1 o f th e  receiv ing  unit, 
th e  co ax ia l d e te c to r  being  in se r te d . B y  connecting  th e  p o in ts  7 
an d  8 of th e  sending  unit, k ly s tro n  b is m o d u la ted  by  a  250 kc/s  
freq u en cy  (maximum d ev ia tio n  ±  200 kc/s). T he h o rizo n ta l d e 
flection v o ltag e  of the  oscilloscope is su p p lied  to  connection  9. 
In  the  receiv ing  un it th e  signal p a sse s  th ro u g h  th e  lim ite r n 
a n d  th e  d isc rim in a to r  o. A f te r  dem od u la tio n  a  250 kc/s v o ltage  
v a ry in g  in p h ase  is o b ta in ed . In  th e  p h ase  c o m p a ra to r  p  th is  
v o ltag e  is co m p ared  w ith  a 250 kc/s  re fe ren ce  vo ltag e , w hich 
can  be ta k e n  from  th e  sending  un it (connection  7). T he re fe rence  
v o ltage  can  also  be o b ta in e d  lrom  th e  receiv ing  u n it v ia  the 
c ry s ta l  filte r j ; th is  filte r being so n a r ro w  th a t  a lre a d y  the  
f irs t s id eb an d s  of th e  250 kc/s p h ase -m o d u la te d  signal a re  elim 
in a te d  (b a n d w id th  10 c/s). T he m ean p h ase  d ifference can  be 
a d ju s te d  by  m eans o f th e  p h ase  a d ju s te r  t. W h e n  th e  a d ju s t
m en t is c o rre c t (p h ase  d ifference 90°), th e  c o m p a ra to r  in d ica tes  
zero. T he o u tp u t o f th e  p h ase  c o m p a ra to r  (connection  4) is con
n ec ted  to  th e  oscilloscope, sy n ch ro n ised  by  a signal o rig in a tin g  
from  the  d isc rim in a to r  in w hich  th e  s a w to o th  v o ltag e  is s till 
p re s e n t (connection  7).

W h e n  th e  c ry s ta l  f ilte r  is used , it  is p ossib le  to  m easu re  a 
m icrow ave ra d io  link  in one d irec tio n  w ith o u t th e  n ecess ity  of 
tra n sm ittin g  th e  250 kc/s re fe ren ce  signal. T he am p litu d e  c h a r 
a c te r is tic  can  be m ade v isib le  to g e th e r  w ith  th e  g roup  de la3' 
curve by  connecting  th e  coax ia l d e te c to r  w ith  th e  oscilloscope.
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F ig . 8.
G ro u p -d e la y  vs f req u e n c y  cu rv e  on a n  l.f. am p lifie r (g a in  60 dB )

a. w ith o u t p h a se  e q u a liza tio n
b. w ith  an  e q u a liza tio n  filte r in se r te d

F o r  th e  c a lib ra tio n  of th e  g roup  d e la y  m e te r  th e  sending  un it 
has been  p ro v id ed  w ith  a  cab le  k  w ith  a  c h a ra c te r is tic  im pe
dance  of 50 ohm, hav in g  a  flu c tua ting  g roup  d e lay  v a ria tio n  of 
ex ac tly  10 n sec.

The figures 8a  an d  9 a  show  th e  re su lts  o f g roup  d e la y  m ea
su rem en ts  on ra d io  re la y  equ ip m en t w ith o u t p h ase  co rrec tio n . 
B y m eans of p h ase  equaliz ing  n e tw o rk s  g roup  d e lay  v a ria tio n s  
can  be red u ced  as can be seen from  fig. 8b an d  9b. [9] [10]

4. F in a l  re m a rk s .

B y  m aking  som e p rov isions i t  is possib le  to  m easu re  w a v e 
guide filte rs  lying in th e  freq u en cy  ran g e  of th e  k ly s tro n « . F o r
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F ig . 9.
G ro u p -d e la y  vs F requency  c u rv e  o f  a  o n e -w a y  ra d io  link  (40  km )

a. w ith o u t  p h a se  e q u a liza tio n
b. w i th  an  e q u a liza tio n  filte r in se r te d .

th is  p u rp o se  th e  filte r is in se r te d  b e tw e e n  th e  k ly s tro n  a n d  the 
c ry s ta l  d e te c to r  c, th e  filte r being  s e p a ra te d  from  th e  k ly s tro n  
b y  a fe r r i te  iso la to r .
K ly s tro n  a  is m o d u la ted  b o th  b y  th e  h o riz o n ta l deflection  v o ltag e  
o f th e  c.r. tu b e  a n d  b y  th e  250 k c /s  signal (m ean  freq u en cy  =  
=  cen tre  freq u en cy  o f th e  f i l te r ) ; th e  freq u en cy  of k ly s tro n  b 
is a d ju s te d  to  give a  freq u en cy  d ifference o f 70 (o r 105) M c/s .

F u rth e rm o re  connection  1 o f the  send ing  u n it is connected  
to  th e  coax ia l d e te c to r . F o r  the  m easu rin g  p ro c e d u re  3.4. is 
re fe r re d  to .

A tte n tio n  shou ld  be d ra w n  to  th e  f a c t  th a t  an  am plitude  
v a r ia tio n  of th e  o u tp u t v o ltag e  of th e  n e tw o rk  u n d e r  t e s t  m ay 
cause  a  g roup  d e la y  v a r ia tio n  in th e  m e te r  (am p litu d e  p h ase  
conversion) in consequence  of w hich  th e  am p litu d e  c h a ra c te r 
istic  w ill a ffec t th e  g roup  d e la y  cu rve . T h is difficulty  w a s  o v e r
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come b y  an  effective co n stru c tio n  and  ad ju s tm en t of th e  lim iters  
an d  by  e lim inating  an y  feed b ack  in th e  am plifiers.

T he a u th o r  w ishes to  m en tion  th e  co n trib u tio n s  of M r. A. S. 
van  den B osch  an d  M r. M . G e rr its e n  fo r  th e  g en era l lay -o u t 
an d  of M r. M . v an  S lie d re g t fo r  the  co n stru c tio n  of th e  M e g a 
sw eep .
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A  w avegu id e filter theory

by M. van Sliedregt *)

Summary

F o llo w in g  th e  w o rk  o f G o  u b  a u  [2], [3] a  g e n e ra l tre a tm e n t o f  ^-gl4 co u p led  
b a n d p a s s  w a v eg u id e  filte rs is g iven. F o rm u lae  fo r  th e  in se rtio n  loss, the  
envelope  d e la y  a n d  in  p a r tic u la r  th e  in se rtio n  lo ss a t  c e n te r  freq u e n c y  due  
to  d iss ip a tio n  a re  d e r iv e d  fo r  w a v eg u id e  filte rs co n sis tin g  o f  n  s ta g e s h a v in g  
a s  p a ra m e te rs  th e  ra tio s  o f  th e  b a n d w id th  o f  th e  s ta g es  to th a t  o f  th e  
to ta l  filte r.

B y  sim ply  m o d ify ing  th ese  ra tio s , sp ec ia l f ilte r d esig n s a re  p ossib le . 
E x am p les  o f  a  f ilte r c o n sis tin g  o f th re e  s ta g es  a re  given.

1. Introduction.

"W ith re g a rd  to  th e  design  of b a n d p a ss  w avegu ide  filte rs  tw o  
m ethods a re  av a ilab le . T he firs t m ethod , w hich  is com m only 
used , involves th e  equ ivalence of th e  d isco n tin u ity  in  th e  w a v e 
guide w ith  a  lum ped  circu it. T he e lem ents of th e  second m ethod , 
u sed  b y  S i m o n  a n d  B r o u s s a u d  [1] a n d  G o u b a u  [2] [3], a re  
th e  reflec tion  a n d  tran sm iss io n  coefficients of th e  d iscon tinu ity .

G o u b au  in tro d u ces  in his th e o ry  a  w av e  m atrix , th e  elem ents 
o f w hich  can  be ex p re sse d  in  th ese  coefficients; th e  th e o ry  is 
g iven fo r  tw o  eq u iv a len t ty p e s  of m icrow ave filte rs , viz. th e  
d ire c t an d  th e  coupled  filte rs  an d  in p a r t ic u la r  fo r  filte rs
consisting  of id e n tic a l s tag es . In  sp ec ia l cases, h o w ev er, on 
acco u n t o f th is  re s tr ic tio n  ce rta in  req u irem en ts  can n o t be m et. 
In  th is  p a p e r  th e re fo re  a  g en era l t re a tm e n t, using th e  w av e  
m a trix  n o ta tio n  of Â /4 coup led  w av eg u id e  filte rs , consisting  of 
d iffe ren t s tag es , is given. T he b a n d w id th  an d  th e  c e n te r  f r e 
quency  of such a  s ta g e , com prising a  piece of w av eg u id e  an d  
tw o  id en tica l d iscon tinu ities, a re  r e la te d  to  th e  w av e len g th  in 
th e  guide an d  to  th e  reflec tion  a n d  tran sm issio n  coefficients o f 
th e  d isco n tinu ities. A ssum ing th a t  th e  b a n d w id th  an d  th e  c e n te r  
freq u en cy  o f a  single s ta g e  can  be chosen  a rb i t r a r i ly  a  v a r ie ty  
o f filte r designs w ith  specific c h a ra c te r is tic s  is o b ta in e d  b y  tak in g  
specific b a n d w id th  ra t io s  fo r  th e  filte rs tag es , an d  keep ing  the  
c e n te r  freq u en cy  o f a ll s ta g e s  th e  sam e.

*) R ad io  L a b o ra to ry .
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N o w  th e  e lec tro m ag 
ne tic  s ta te s  o f a  filter- 
s tag e  can be c h a ra c te r 
ised  b y  incom ing an d  o u t
going w av es  (fig. 1 ).

ux an d  ux a re  th e  (com 
plex) am p litu d es of the  incom ing a n d  outgoing  w av es  on one

side an d  u2 an d  u2 th e  am p litu d es of th e  co rresp o n d in g  w av es  
a t  th e  o th e r  side of th e  filte rs tag e . A s th e  re la tio n s  b e tw e e n  
th ese  w av es  a re  lin ea r, th e y  can  be w r it te n  in th e  form  o f a 
w av e  m a trix  e q u a tio n

->
Ur 
<-
Ur

T he m a trix  e lem ents N  a re  c losely  r e la te d  to  the  reflection  an d  
tran sm iss io n  coefficients o f th e  d isco n tinu ities, q u a n titie s  th a t  
a re  assum ed  to  be d e te rm in ed  d ire c tly  by  m easu rem en ts  o r  b y  
ca lcu la tion . T he ca lcu la tio n  can  be c a rr ie d  o u t b y  m eans o f an  
in te rm ed ia te  s tep  involving th e  c lassic  e lem en ts of th e  eq u iv a len t 
c ircu it m ethod  (b a se d  on the  lum ped e lem ent th eo ry ).

In  p ra c tic a l c ases  th e  filte rs  a re  lo a d e d  w ith  a  non-reflecting  
—̂

system , so u2 =  o a n d  co n seq u en tly  only  th e  firs t e lem ent N lx 
o f the  m a trix  is o f im p o rtan ce . A s w ill be show n  in th e  su b 
seq u en t c h a p te rs , th e  p ro p e r tie s  o f a  com posite filte r can  easily  
be d e riv ed  b y  m a tr ix  m u ltip lica tio n  o f th e  m a trices  o f th e  
s e p a ra te  links.

7V2I A 22
( 1)

F ig . 1.
In com ing  a n d  ou tg o in g  w a v es .

2. The w ave matrix of a single stage.

M r. G o u b au  [2] [3] s ta r ts  w ith  th e  in tro d u c tio n  of th e  w av e  
m a trix  o f a  w av eg u id e  sec tio n  w ith  the  e le c tr ic a l leng th

0  = yj -  yjv (2)

an d  con ta in ing  a  single d isco n tin u ity . T he e le c tr ic a l len g th  is re 
la te d  to  th e  m a te r ia l len g th  l  by  th e  exp ression

<1> =  2n  l/kg (3 )

/hr be ing  th e  w av e len g th  in th e  guide,
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w h e re  f c =  cu t-o ff f req u en cy  o f th e  guide.
T he reflec tion  coefficient of th e  d isco n tin u ity  can  be w r it te n  

as  r  =  — cos cp £ J'P» an d  th e  tran sm iss io n  coefficient as
T  =  j  sin cp .

A  c h a ra c te r is tic  reflec tion  fa c to r  is d e riv ed , i.e. t h a t  reflection  
fa c to r  m easu red  on th e  o u tp u t side of th e  tra n sd u c e r , th a t  y ie ld s  
a  reflec tion  fa c to r , ap p e a rin g  on th e  in p u ts id e  of th e  tra n sd u c e r , 
o f th e  sam e value.

T he co rresp o n d in g  tran sm iss io n  c o n s t a n t p r o v e s  to  be given by

• /----------  ., i sin  w , ,
eg =  q +  j  y I — y2 w ith  q = --------  (5)

sin  cp

T he tran sm iss io n  c o n s ta n t w ill be p u re ly  im ag in a ry  (p assb an d ) 
fo r  \q \< i l  (n  — \ cp\<^xp < in  + \ cp\). A t c e n te r  f req u en cy  f a, ip =  n.

In  g en era l a  filte r is used  b e tw e e n  non-reflecting  load s an d  
in o rd e r  to  have  th e  c h a ra c te r is tic  reflec tion  fa c to r  a t  th e  t e r 
m inals of th e  f ilte rs tag e , m atch ing  tra n s fo rm e rs  a t  in p u t an d  
o u tp u t a re  n ecessa ry . T h ese  tra n s fo rm e rs  a re  asy m m etrica l 
s tag es  an d  m u st h av e  th e  fo llow ing  p ro p e rtie s .
a. N o  reflection  a t  th e  in p u t an d  o u tp u t o f th e  to ta l  f ilte r a t  

c e n te r  frequency .
b. T he o u tp u t an d  in p u t tra n s fo rm e r  connected  in se ries  m ust 

h av e  th e  sam e freq u en cy  re sp o n se  as one f ilte rs tag e .
In  th is  w a y  an  o rig in a l s tag e  w ith  in p u t a n d  o u tp u t t r a n s 

fo rm ers  is eq u iv a len t to  tw o  id en tica l s ta g e s  co nnec ted  in series, 
b o th  consisting  of an  in p u t a n d  an  o u tp u t tra n s fo rm e r. Such a  
s ta g e  is show n  in fig. 2 .

U, u2
»PM, 'P.ty'v

u,

i tc M tc iW :
4 2 i

F ig . 2.
F ilte rs ta g e  co n sis tin g  o f  tw o  id en tica l d isc o n tin u itie s .
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T he reflec tion  coeflicient o f the  d isco n tin u ity  of th is  new  ty p e  can 

be  w r it te n  a s  f  =  -  cos cp' e 7V » a n d  th e  tran sm iss io n  coeflicient 
a s  T  — j  s in  cp' e 7V » . T he re la tio n  b e tw e e n  <p an d  cp' is given b y

cos cp
<P

- 1
<p

an d  th e  w av e  m a trix  ( IV )  of th e  f ilte rs ta g e  o f fig. 2 b y

( N )  =
stti-cp

j  (V'v -  cos- cp' e -W ) cos cp' (eJV -  e ~ ^ )
-  cos <p' (e /v  -  e—fV) -  j  (E-JW _  cos- cp' « > )

(6)

(7)

U sing  th e  eq u a tio n s  (5) an d  (6) w e can  ex p re ss  th e  w av e  
m a trix  (7) as fo llow s

(A0  =
q -  j  cosxp —j q  cos cp

j q  cos <p q  4- j  cos \p
(8)

W ith  th e  a p p ro x im a tio n s  cos ip = -  I a ro u n d  th e  c e n te r  f r e 
quency  a n d  cos cp I , i t  is found  th a t

- *

u 1 q + j  -  j q
-*•

4 - « -

U x j q  q -  j

I f  =  O, th e  in se r tio n  loss L  w ill be

I “>■ |2

(9)

( 10)

I t  is re a d ily  seen , th a t  fo r  th e  3 d B  b a n d w id th  B ,  L  — 2 an d  
q  =  I .  In  o rd e r  to  find th e  re la tio n  b e tw e e n  cp a n d  th e  b a n d 
w id th  B  w e d iffe re n tia te  <5 (2, 3 an d  4) w ith  re sp e c t to  the  
fre q u e n c y  f .

d<P

d f

2 n l
f

1/ / (11)

A t th e  c e n te r  fre q u e n c y  f a th e  eq u a tio n  (11) ta k e s  th e  form

d $  , . 1 / / 0

d f
m / =l/= / o

I —
(12)
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H en ce  b y  p u ttin g  sin  cp ^  cp (<p being  s u b s ta n tia lly  c o n s ta n t)  
a n d  using (2) a n d  (3), w e o b ta in

i i  1 ƒ - ƒ «sin  y>

an d 7 = -
sin  yj 
sin <p

fo

I V  l/ = / o  I  ƒ  -  fo

<p f c \*  fo  
fo ,

F o r  th e  3 d B  b a n d w id th  B  w e find fo r

M / = / „  I 5 /2

9> A V  / •
/o .

an d  fo r  cp =  | y.1 | ,_
5

/ - / ° j / / «  V  2 /o

an d  q =

f o

2n ( f - f 0) _  A -
: 5 : 5

(13)

(14)

(15)

(16)

2 a  f
q =    —, being  a  n o rm alised  freq u en cy  v a ria b le .

B

T he reflection  coefficient o f the  d isco n tin u ity  re q u ire d  fo r  a  
given w av eg u id e , a  c e n te r  freq u en cy  J a an d  a  b a n d w id th  B , 
can  be o b ta in ed  b y  m eans of th e  e q u a tio n s  (6) a n d  (15).

T ill now  w e h av e  n eg lec ted  th e  d iss ip a tio n  lo ss ; i t  can  be 
ta k e n  in to  acco u n t b y  in tro d u c in g  com plex va lu es  fo r  cp an d  ip 
viz. xp =  yjr +  jy ii  a n d  cp =  cpr +  jcp,

sin w sin  (xpr + j w t)  stnxpr .
w hence q = --------  =  —-------------;  ^ — ;--------V Jo \ 1' )

sin cp sin (cpr +  jcp,) sin cpr

w h ere  ,  =  -S i± S L
Cpr

sim ila r to  [41 a =
Qu

{Qe = —  be ing  th e  q u a lity  f a c to r  w ith o u t d iss ip a tio n  an d  Qu
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th e  q u a lity  f a c to r  o f th e  cav ity  w ith  th e  d iss ip a tio n  a n d  no 
coupling w ith  th e  w avegu ide).

O n ce  th e  <2* fo r  a  given w avegu ide  an d  freq u en cy  ran g e  is

m easu red  o r  ca lcu la ted , th e  ra t io  a =  ——— can  be d e te rm in ed  fo r
Qu

a n y  p ra c tic a l case.

3. n filterstages with different bandwidths and equal center 
frequencies

In  th is  c h a p te r  w e w ill d e riv e  g e n e ra l eq u a tio n s  fo r  th e  in 
se rtio n  loss L  w ith o u t d iss ip a tio n , th e  envelope d e lay  r and  
th e  in se rtio n  loss L a a t  c e n te r  freq u en cy  due to  d iss ip a tio n , each  
eq u a tio n  being  a  fu nc tion  of th e  ra t io s  of th e  b a n d w id th s  of 
th e  single s ta g e s  to  th e  b a n d w id th  B  o f th e  to ta l  filte r.

S upposing  th a t  fo r  th e  r ,h s ta g e  th e  b a n d w id th  B r = B ja r th e  
f re q u e n c y  v a r ia b le  qr fo r  th is  s ta g e  w ill be

2 A  f
qr = —- — = arq (18)

B r

q  re fe r r in g  to  th e  to ta l  filte r.
A cco rd ing  to  (9) th e  w av e  m a trix  of th e  r th f ilte rs ta g e  can  be 
w r i t te n  as

w h ere

arq 4  j
j a rq

-  j a rq 
arq -  j

=  arq ( A )  + (B ) (19)

(A ) = i - j a n d  (B ) = j  o
J  i o - j

T he w av e  m a trix  A  of th e  to ta l  f ilte r is o b ta in e d  b y  m a trix  
m u ltip lica tion

(A ) arq ( A )  +  ( B ) (20)

W e  have in d ica ted  in c h a p te r  1 th a t  only  th e  re la tio n  =  A ,, un+1 
is of im portance .

O n  p erfo rm in g  th e  m a trix  m u ltip lica tio n , th e  m u ltip lica tion  
being  n o t com m utative , w e g e t se v e ra l p ro d u c ts  o f (A)  a n d  (B ),
like (A )  (B), (B) {A), (B) (A )  (B), (A )  (B) (A ) ,  (A )  (B) {A) (B)  an d
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so on. A ll th e se  p ro d u c ts  can  be  sim plified to  one o f th e  fo l
low ing  form s (A)*} (B)k ; {A)k(B)‘ ; (B ) '(A ) * ; (.B)l{ A ) \ B ) ”‘ an d  
(A )k(B ) l( A ) m. I t  can  ea s ily  be show n th a t

(A ) k

(B Y

( A f ( B )1

(B) '(A Y

=  2 (^4) (21)

=  7

_  2 k-T. j l

I O
o ( - 1)*

I - ( - I )lj

7' ( - 0 '

=  2k~xj l I - J
( -1 /7 ' ( - ! ) '

(B ) \A )k(B m)

(A )k(B ) \A )m

=  2 i - ( - i )  ”7'
(— l YJ

2i+ m -iji^A ) (l = even)
O (/ =  odd)

F rom  th e  l a t te r  e q u a tio n  one can  deduce th a t  if th e  com bi
n a tio n s  of th e  form" ag ----------av aw a re  a r ra n g e d  in such a
w a y  th a t  p  q ............<Cv <C.w, th o se  com binations of w hich  the
difference b e tw e e n  an y  tw o  a d ja c e n t ind ices is even, m u st be 
om itted . T he firs t e lem ent N lx o f th e  m atrix  (N )  b a n  be  w r it te n

N „  =  bn q* + j b n q" -1 + J* b „ ^q * -°  + j *  bn^ q ’̂  + .........
N 11 =  b„ qn -  b„_t q”~* +  b„_4 qn~* - ..........

+  j  [ bn_i q"-1 -  bn_3 q"~3 +  A*-s 7"~5 - ......... ] +  j n (22)

N o tic in g  th a t  th e  firs t e lem ents o f th e  m a trices  o f th e  equ a tio n s 
(2 1 ) a re  a ll un ity , w e o b ta in  fo r  th e  coefficients b th e  equ a tio n s

11
bn =  2W""  IIk—1

a/c

bn-x =  2”-"[IfU=>
11

ak +~\ \ at 
1—2

K = 22
11—2

Zk=l

ft— I 11^ y ̂ o-kO-i am
1—2 HI—3

K =  2
It — I 

2 V  a t a, k < l
/■-J
1—2

br = zk=l
ak
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In  g en e ra l N „  = R e N lr+ j  Im  N z„ so th e  in se rtio n  loss L  o f the  
filte r w ill be

Pi_
Po

=  {Re iV„)2 +  (Im  N IZY (24)

A pp ly ing  (22) gives

L  =  s2n q™ +  s2n_, q™~* + . . . .  s 4 q< + Sz q* + I (25)

w ith  s2/i = bp1, -  2bp^ bp+, +  2bp_, bp+2 -  2V 3 bp+3 + -----  (26)

an d  ba =  1

T he envelope d e lay  r =  — d Q /d Q  can  be  o b ta in e d  from  the  

p h a se sh if t 0  b e tw e e n  uz an d  u„+1 given b y  tg©  = I m N ll/R e  N tl.

N o tic in g  th a t d©  _  d©  d  {tg 0 ) dq  
dD  d  {tg  0 ) dq dQ

w ith  —~ r — ---------(from  e q u a tio n  (16)), w e find, ap p ly in g  equa-
d l i  jiB

tio n  (22), th e  fo llow ing  exp ression  fo r  t

t  /,2«—2<,2«—2 ..........4  ? 6 +  4̂ P  +  4  P  +  t0 I
s*« ? 2 s6 q6 + s 4q* + s 2 q* + I n B

(27)

w ith  t2p bp bp41 Zbp-x bp+2 “f  Sbp-2 bpx3 — 7^/-3 /̂+4 +  • ■ • •

a n d  b0 =  I (28)

I t  m ay be o b se rv ed  th a t  th e  d en o m in a to r o f eq u a tio n  (27) 
h a s  th e  sam e form  as th e  r ig h t-h a n d  ex p ressio n  in eq u a tio n  (25). 
T he envelope d e la y  can be w r it te n  a s  a  p o w e r  se ries

I
2 !

d 2
dQ* Q  = £l,

( Q - Q 0f  +
4!

1
6!~

d£24

ctx
d Q 6

( Q - Q 0)4 +
Q  = Qa (29)

Q  = Qn
( Q - Q 0f  + . . . .

T he odd  h ig h er d e riv a tiv e s  a re  zero  since th e  envelope d e la y  
c h a ra c te r is tic  is sy m m etrica l w ith  re sp e c t to  Q  =  Qa (th e  b a n d 
w id th  being re la tiv e ly  sm all w ith  re sp e c t to  £2a). R e p e a te d  d if
fe re n tia tio n  o f eq u a tio n  (27) show s th a t  fo r  Q  — Q0 = O {q =  o)
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2̂ 2 1 T O (30)

^ 4r------ =  4 ] =  4 ! TM

/ _ f Ç _ c T (2) —‘•o °« °n—2 T l  4) ^n—6

T he in se rtio n  loss Z-0 a t  c e n te r  freq u en cy  due to  d iss ip a tio n  
is o b ta in e d  b y  su b s titu tin g  q = j o  = J  Qg/Qu in th e  eq u a tio n  (22)

=  bn (jo )” -  b „ . ( /a )—  +  ..  . j  [ b „  ( jo ) - 1 -  bn_3 ( jo )—3 +  . . . ]  + j ”

=  j " [1 +  +  ^3a3 +  ^4o4 -t- . . . ]

I “*■ |2
T h e re fo re  =  y y  y  =  (1 +  ^,o 4- bjo* + b3o3 + . .  . b„o") ( f  = f j )  

I un+I j (31)

B y  m eans of th is  eq u a tio n  a  c a lcu la tio n  of th e  in se rtio n  loss 
a t  c e n te r  freq u en cy  is possib le , if  th e  <2» is know n.

4. W aveguide filters comprising three sections.

From  th e  eq u a tio n s  (23) w e see th a t

bz =  a, +  a2 +  a 3 (32)

b2 =  2 (a,a, +  a2a3)

b3 =  4 aIa^a3

F rom  th e  eq u a tio n s  (25) an d  (27) w e find th e  in se rtio n  loss

L  -  s6g6 + s^q* + q \ +  I (33)

an d  fo r  the  envelope d e la y

y  q-' +  4  g* +  4  1
+  j 4 +  J , <72 +  1

F rom  eq u a tio n  (31) fo llow s th a t  th e  in se rtio n  loss a t  c e n te r  
freq u en cy  is

L0 =  (i +  b,o +  b ^  +  £3a3)2 (a =Q e/Q u) (35)

T he values fo r  th e  coefficients s  an d  t  a re  o b ta in e d  from  th e  
eq u a tio n s  (26) a n d  (28)



s* =  b?  -  2b2 (36)
j 4 =  b* -  2btb3 

s6 = b *

to = bx
t2 = bxb2 -  3̂ 3

4  =  b j>3
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4.1. The filterstages are identical.

T his is th e  case  t r e a te d  in r e f  [2], [3] ( G o u b a u )  b y  in tro 
ducing th e  T schebeyschefF s po lynom ials. In  o u r a p p ro a c h  th is  
m eans t h a t  ax =  a2 = a3 = a.

F rom  th e  eq u a tio n s  (32) fo llo w s th a t

bz = 3a ;  b2 =  4a2 a n d  b3 =  4a 3

H en ce  =  a2 ; — —8a4 ; s6 = 16a6 an d

4  =  3« ; 4  =  o ; 4  =  16a5

F o r  th e  in se rtio n  loss L  w e  o b ta in , b y  using (33)

L  =  16a6 q6 — 8a4 qA + a 2 <72 +  1 (see fig. 3).

S o lu tio n  o f th is  eq u a tio n  fo r  L  = 2 i.e. 3 d B  an d  q =  I gives the  
v alue  o f a =  0.761.

i t . B . 103 db

Fig . 3.
T h e  en v elo p e  d e la y  a n d  in se rtio n  loss o f  a  th re e -c a v ity  filte r 

w ith  id e n tic a l s tag es .



T he ex p ressio n  fo r  th e  envelope d e lay  r fo llow s from  (34)

A waveguide filter theory 385

16a 5y4 +  3a I

T =  l 6a6q6 -  8a V  +  a2q2 +  I n B  ^  3)

an d  fo r  th e  in se rtio n  loss L a a t  c e n te r  freq u en cy  due to  d iss i
p a tio n  w e have, acco rd in g  to  (35)

L 0 =  (i +  3aa +  4a 2a2 +  4a3o3)2

4.2. The am plitude characteristic as fla t as possible. 
(“ B u tte rw o r th ” : [5])

A n am plitude  c h a ra c te r is tic  as fla t as  possib le  w ill be o b ta in ed , 
if  L  =  I +  q6 (see fig. 4).

W h e n c e  in  e q u a tio n  (33) s2 =  r 4 =  o a n d  s6 =  I, using  (34) w e 
find th a t

b f  - 2 b2 = o
bp  — 2b p 3 =  O > and  bT =  2 ; =  2 an d  b3 =  I
b f  =  I J

F ro m  (32) w e o b ta in  a, =  a3 =  ^  an d  aa =  I a n d  a f te r  su b 
s titu tio n  of th ese  values in (36) ta =  2 ; t^ = 1 an d  =  2 . T h e re 
fo re  th e  eq u a tio n  (34) fo r  th e  envelope d e lay  x becom es

z
2q* +  q2 + 2 I 

qb +  I tiB
(see fig. 4)

T he in se rtio n  loss L a a t  c e n te r  f req u en cy  due to  d iss ip a tio n ,
w ill be L a = ( i + 2o + 2o2 +  o3)2.

t l .B . I O 3 db

F ig . A.
T h e  en v elo p e  d e la y  a n d  in se rtio n  loss o f  a  th re e -c a v ity  filte r 

w ith  m ax im ally  fla t am p litu d e .
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3.3. The envelope delay characteristic as f l a t  as possible 
( ‘‘T hom son” : [6])

T he cond ition  th a t  shou ld  be m et im plies zero  va lu es  o f  (« —i)  
h igher d e riv a tiv e s  o f th e  envelope  d e lay . (In  o u r case 2 h ig h er 
d e riv a tiv es).

F rom  th e  eq u a tio n s  (30) th e re fo re  fo llo w s th a t  t2 — ta s2 — O 
an d  tA — 70j 4 =  O an d  from  (36) th a t  5 =  2b p  an d  15^3 =  bp  .

S u b s titu tin g  th e se  values in th e  e q u a tio n s  (33) an d  (34) w e 
find fo r

__________ 6 ( b ^ y  +  45Qfr.gr +  225
T ~  ( î?)6 + 6( % ) 4 + 45(^.?)2 + 225

(see fig. 6)

(see fig. 5)

S olving th e  e q u a tio n  fo r  L  — 2 i.e. 3 d B  a n d  fo r  <7 =  I w e 
find fo r  =  1 .7557. W i th  th is  va lu e  w e can  b y  m eans o f th e  
re la tio n s  b e tw e e n  bz, bz an d  b3 ca lcu la te  th e  va lu es  a „  a2 an d  
a3, y ie ld in g  a x =  I .IO 1 7 ; 0  ̂ =  0.4853 an d  a3 =  0. 1687. T he in 
se rtio n  loss L 0 a t  c e n te r  freq u en cy  due to  d iss ip a tio n  w ill be 
L 0 — (i +  by} +  bjo'2- -t- b3o^ ) .

i l . B l O 3 db

T h e  en v elo p e  d e la y  a n d  in se rtio n  lo ss o f  a  th re e -c a v ity  f ilte r 
w ith  m ax im ally  f la t en v elo p e  d e lay .

4.4. Special cases.

A p a r t  from  th e  ty p e s  t r e a te d  in 4.1, 4.2 an d  4.3 s till  o th e r  
v a r ia n ts  m ay  be of im p o rtan ce .
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D u e  to  p h ase  n o n -lin e a rity  in te rm o d u la tio n  noise is in tro d u ced  
in to  an  F M  m ulti-channel te lep h o n e  sy stem . T he noise can  be 
ex p re sse d  in te rm s of th e  d e riv a tiv e s  of th e  envelope de lay , 
as can  be seen  from  an  eq u a tio n  given b y  S t a r r  a n d  W a l k e r  
[7]. I t  m ay be ex p ec ted  th a t  b y  using an  effective freq u en cy  
d ev ia tio n , sm all w ith  re sp e c t to  th e  filte r b a n d w id th  a n d  b y  
m aking  on ly  one h ig h er d e r iv a tiv e  of th e  envelope  d e la y  eq u a l 
to  zero , th e  in te rm o d u la tio n  noise can  be red u ced  in com parison  
w ith  th e  B u tte rw o r th  design . In  th is  w a y  an  am p litu d e  c h a ra c 
te r is tic  can  be o b ta in e d  w hich  in com parison  w ith  th e  T hom son 
design  is m ore su itab le . P ro ceed in g  in th is  w a y  w e  h av e  only  
one cond ition  fo r  th e  b a n d w id th  r a t i o s ; fo r  sim plicity  tw o  s tag es  
a re  m ade id en tica l. T his m eans th a t  tw o  a rra n g e m en ts  o f b an d - 
w id th s  a re  possib le , viz. a ,a 2a, a n d  a ,a ,a 2.

T he e q u a tio n s  (32) w ill be in

case  I 
=  2a , +  a2 

b„ =  4 a ia2 
b3 =  4 a ,2a2

case II  
b, =  2a , +  a2 
b2 =  2(a ,2 4- a ,a 2) 
b3 =  4a ,2a„

F rom  th e  cond ition  t2 — t0s2 =  O an d  from  th e  eq u a tio n s  (36) w e 
find 3bxb2 -  3̂ 3 -  b*  =  o.

So w e g e t fo r  case  I a n d  case  I I  re sp .

8a ,3 +  a 23 — 6a ,a 32 =  O an d  4a ,3 — a23 — 6a ,2a 2 =  O.

W e  can  ex p ress  a, in a 2 o r  v.v.

il.BK)3

one h ig h e r d e r iv a tiv e  o f  th e  en v elo p e  d e la y  b e in g  zero .

t

<7
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The f irs t eq u a tio n  y ie ld s  tw o  so lu tions. S u b s titu tin g  th e  v alues 
fo r  s  from  (36) in th e  e q u a tio n  (33) w e find fo r  th e  in se rtio n  
loss L  w ith  L  =  2 an d  q = I, a , o r  a ,

case I a, =  a3 =  0.6529 an d  a2 =  0.8524
a z =  a 3 =  0.2096 a n d  a2 =  1.2071

an d  case I I  a z = a 2 =  0.8194 an d  a3 =  0.5128

T he c h a ra c te r is tic s  of th e  in se rtio n  loss L  an d  th e  envelope 
d e la y  r a re  sh o w n  in figures 6, 7  an d  8.

T hese  filte r  designs can  be  co n sid ered  as  a  v a r ia tio n  b e tw een  
th e  B u tte rw o r th  a n d  th e  T hom son design  w h ich  a re  s im ila r to  
th e  tra n s it io n a l B u tte rw o rth -T h o m so n  filte r in  [8].

aL.B.103 db

F ig . 7.
T h e  env elo p e  d e la y  a n d  in se r tio n  lo ss o f a  th re e -c a v ity  filter, 

one h ig h e r  d e r iv a tiv e  o f  th e  en v elo p e  d e la y  b e in g  zero .

aI.B .103 db

one h ig h er d e r iv a tiv e  o f  th e  en v e lo p e  d e la y  b e in g  zero .
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AVONDCOLLEGES IN DE STERRENKUNDE

H et Pedagogisch Instituut, afdeling Leraarsopleiding aan  de R ijksuniversiteit 
te U trecht, Lucas Bolwerk 11, tel. 21741, verzocht ons de volgende mededeling 
op te nemen.

O p  de donderdagen 16, 23, 30 januari en 6 februari 1958 zullen aan  de S terren
w acht der R ijksuniversiteit te U trech t avondcolleges gegeven w orden voor afge
studeerden. H et onderw erp  van  deze colleges is Radiosterrenkunde.

De aanvang  der colleges is 19,15 precies. E inde 21.00 uur.
A an het volgen v an  deze colleges zijn geen kosten verbonden.
L eraren kunnen hun reiskosten (geen verblijfkosten) vergoed krijgen voor

zover deze kosten hoger zijn dan ƒ 2,50.

FLUGNAVIGATION UND FLUGSICHERUNG

V an  19 to t 24 mei 1958 w ord t te Berlijn een congres gehouden met als onder
w erp luchtvaartnavigatie  en luchtverkeersbeveiliging.

N adere  inlichtingen en aanm eldingen bij: Ausschuss für Funkortung, Am 
W eh rh ah n  94, D üsseidorp.

Boekbesprekingen
Basic mathematics fo r radio and electronics. door F. M. Colebrook, 
B.Sc., D .I.C ., A .C .G .I. Derde druk, juli 1957, bew erkt door ]. W . 
Head, M .A. (C an tab ). V o o r W ire less W o rld  uitgegeven door Iliffe 
and Sons Ltd, London; 359 bladzijden, 90 figuren, 7J^‘" x 5". 
Prijs 17 s 6 d.

H et boek is een door J. W . H ead  bewerkte uitgave van  ' Basic m athematics 
for radio students” en is bestemd voor hen die, reeds vertrouw d zijnde met de 
radiotechniek en de elektronica als zodanig, het gevoel hebben in hun w iskundige 
kennis te kort te schieten.

In de eerste v ier hoofdstukken w orden de elem entaire algebraïsche bew er
kingen alsmede de begrippen logaritme, complex-getal, limiet en reeks bespro
ken. In hoofdstuk 5 w ord t na de behandeling van  enige stellingen uit de vlakke 
m eetkunde en de goniometrie het begrip vector ingevoerd waarbij gebruik w ordt 
gem aakt van  de complexe schrijfwijze. H oofdstuk 6 bespreekt in vogelvlucht 
de differentiaal- en integraalrekening.

In hoofdstuk 7 w orden vervolgens enige op het vakgebied liggende toepas
singen gegeven (lopende en staande golven, voorbeelden v an  de complexe 
rekenwijze).

T enslo tte  volgen dan nog 2 door H ead aan  het oorspronkelijke w erk toe
gevoegde hoofdstukken, w aarv an  het eerste de operatorenrekening van H eaviside 
en het tweede enige begrippen uit de m atrixalgebra, het num erieke rekenen en 
de waarschijnlijkheidsrekening behandelt. De operatorenrekening w ord t gegeven 
in de vorm  v an  een rekenrecept, hetgeen de argeloze lezer voor onverw achte 
moeilijkheden kan plaatsen.

Gezien deze grote verscheidenheid kan men niet verw achten  dat alle onder
w erpen die plaatsruim te kregen w aarop  ze krachtens hun belangrijkheid recht 
hebben; zo w orden de reeksen van  Fourier b.v. wel erg summier behandeld. 
D it neemt echter niet weg dat de radiotechnicus groot nut van  dit w erk kan 
hebben, terwijl wellicht ook de beginnende docent er zijn voordeel mee kan doen.

H et boek is vlo t geschreven en typografisch  uitstekend verzorgd. E en honderd
tal opgaven met antw oorden bevordert de zelfw erkzaam heid v an  de lezer.

L. K.
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Electronisch Jaarboekje 1958, 11de uitgave, 160 bladzijden tekst 
en illustraties, 9]/2 x 14 cm, uitgegeven door „de M uiderkring” 
te Bussum. Prijs ƒ 2,95.

H et electronisch jaarboekje heeft zich zo langzam erhand een bijzondere plaats 
veroverd  bij allen die zich met de practische radiotechniek bezig houden. In 
overzichtelijke vorm  zijn tabellen, gegevens betreffende televisie, gegevens van 
de meest gebruikte electronenbuizen opgenomen. V eel aandach t is ook besteed 
aan  transistoren  en geluidsregistratie. D iverse schem a's v an  in „R adio Bulletin” 
gepubliceerde ontw erpen zijn eveneens opgenomen. E en  korte verklaring  hoe de 
opgenom en nom ogram m en betreffende resonantiekringen m oeten w orden ge
bruikt achten wij gew enst aangezien vele am ateurs hierm ede niet op de hoogte 
zijn. H et boekje bevat tevens een agenda, en kan dus als norm ale zakagenda ge
bruikt worden. D e uitvoering is zeer verzorgd.

H.
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