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n a L n e e tlK c j and RESEARCH

T h e  business o f  o u r  fo u n d e r , D r. N o rm a n  P a rtr id g e , is n ow  c a rr ie d  o n  u n d e r  
the  p e rso n a l su p e rv is io n  o f  h is  p a r tn e r , M r. A r th u r  L . B acchus, w h o  h a s  
been a sso c ia te d  w ith  th e  firm  fo r  over 12 years .

T h e  so lu tio n  o f  in d iv id u a l p ro b lem s h a s  fo r  m an y  yea rs  fo rm ed  a  p a r t  o f  o u r  

n o rm a l d a y ’s w ork . T he p ro d u c tio n  in  q u a n ti ty  o f  P A R T R ID G E  T R A N S 
F O R M E R S  has been  b u il t u p o n  th e  u n iq u e  know ledge  th u s  accu m u la ted .

M o d e rn  tra n s fo rm e r te ch n iq u e  is e ssen tia lly  th e  p ro v in ce  o f  a  spec ia lis t. 
N o th in g  c a n  rep lace  in tim a te  p ra c tic a l experience  su p p lem en ted  by  scientific 
s tu d y  a n d  positive  research . O u r C h ie f  D esigner, M r. T re fo r  W illiam s , B .Sc., 
A .M .I .E .E ., w ill be p leased  to  o ffer adv ice  an d  c o n stru c tiv e  c ritic ism  co n ce rn in g  

y o u r p ro p o sed  tra n s fo rm e r  a p p lic a tio n s .

I f  tra n sfo rm e rs  a re  em p lo y ed  in  th e  eq u ip m en t y o u  m a n u fa c tu re , we sh a ll 
be g lad  to  give yo u  th e  a d v a n ta g e  o f  o u r  experience  a n d  to  o ffer th e  sam e 
efficient service th a t h a s  w on  th e  confidence  o f  th e  G o v e rn m e n t E x p e rim en ta l 
E stab lish m en ts  a n d  o f  th e  L ead in g  In d u s tr ia l O rg a n isa tio n s .

PARTRIDGE
TRANSFORMERS LTD

7 6 - 8  P e t t y  F r a n c e ,  L o n d o n ,  S . W . I  T e l e p h o n e :  A B B e y  2 2 4 4
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ł-uINTERS FOR 
DESIGNERS

T H E  C M G 8

The C M G 8 is a typical example of the OSRAM range of emission- 
type photocells which constitute the essential means of converting 
light changes into electric current. Widely used in sound 
projectors and industrial apparatus they are non-microphonic 
and of convenient size. Outstanding features include:—

^  Linear resp o n se  for sound rep ro d u ctio n  g iv in g  u n d istorted  o u tp u t. 

A  H igh se n s it iv ity  to  artificial light.
“  A d eta iled  technical data  sh e e t  is available on request.

C
O sram  ¿ r.& C l O sram  A
PH O TO  C E L L S  C A T H O D E  RAY T U B E S  V A L V E S  J

Advt. o f  The General E lec tr ic  Co., Ltd., M agnet House, Kingsway, London, W .C .Z
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C O N N O R
MULT I PLE  
RECORDER

for the 

PHOTOGRAPHIC  
IN V E S T IG A T IO N  
OF TRANSIENTS  

with

CATHODE RAY TUBES

This eq u ip m en t is th e  la test develo p m en t in th e  use of sealed-off C a th o d e  Ray T ubes in 
M ultiple Recording techn ique as p ioneered  by C ossor.

The ro b u st design is in tended  to  m ake it su itab le  for field tes ts , including T raction  R ecording, 
M arine and M otor tes tin g  and o th e r  industria l investigations.

The equ ip m en t com prises a Model 440Tw in T ube U nit using tw o 4^ in. dia. D ouble Beam Tubes, 
a Model 423 Film C am era U nit and a Model 430 D rive U nit. It provides sim ultaneously  four 
in d ep en d en t reco rds plus on e  cen tral e lec tro -op tica l tim e  m arking on 70 mm. u n p erfo ra ted  
film o r  paper. By m eans of in terchangeab le gears a n d /o r  m o to rs a film speed range of
0.005-250 cm s/sec. is ob ta inab le  w ith  a tu b e  sp o t w ritin g  speed up to  2 km s/sec.

Tw o o r  th re e  un its may be m ounted  o ne  above th e  o th e r  and driven  by th e  single D rive U nit 
to  prov ide up to  a m axim um  of tw elve  sim ultaneous reco rds plus th re e  tim e /e v e n t m arkings.

A. C. COSSOR LTD
INSTRUM ENT DEPT.

HIGHBURY GROVE L O N D O N , N.5
T elep h o n e : T elegram s:

C A N onbury  1234 (30 lines). A m plifiers, Phone, London.
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ON COMING OF AGE
T he 21st A nniversary o f  the founding  o f  the 

In s titu tion  was m arked  a t the Savoy H ote l on 
O ctober 31st, 1946, w hen som e 450 m em bers and  
guests sa t dow n to  dinner. A dm iral the  V iscount 
M ou n tb a tten  o f  B urm a, received all m em bers 
and  guests, and  from  th a t m om ent o f  reception the 
occasion was successful in every way. Very few 
m em bers o r guests expected, how ever, th a t the 
21st A nniversay w ould  be so no tab ly  m arked  by 
the h o n o u r o f  H is M ajesty the  K ing gran ting  his 
pa tronage  to  the Institu tion . The announcem ent 
was m ade by the President o f  the Ins titu tion , and  
was greeted with trem endous enthusiasm .

The Future
The h o n o u r o f  H is M ajesty’s pa tronage will 

inspire the fu ture developm ent o f  the Ins titu tion  ; 
th a t the  officers and  C ouncil are  fully  alive to  the 
In s titu tio n ’s problem s was evidenced in the speech 
o f  M r. L. H . B edford. In  his reply to  the T oast 
o f  the  Institu tion , p roposed  by the P residen t o f 
the R oyal Society, M r. B edford referred to  the 
fact th a t the R oyal Society was the oldest o f  our 
learned  Institu tions, w hilst the  Institu tion  was one 
o f  the youngest ; possibly ou r greatest handicap  
was ou r jun io rity , a  state which only tim e and  the 
con tin u ed  existence o f  the In s titu tio n  w ould 
rem edy.

M r. B edford  also dealt w ith the conten tion  th a t 
rad io  developm ent was largely em pirical. His reply 
to  this criticism  dealt w ith the need fo r a general 
theoretical background  to  ou r w ork, and  the es
sential need fo r practical experience coupled  w ith 
the righ t m ethods fo r ensuring exchange o f  in 
fo rm ation  an d  ideas. Indeed, one o f  the greatest 
justifications fo r the  existence o f  the Ins titu tion  
lies in  its activity as a  m eans o f  dissem inating 
know ledge.

E ven though , by the m edium s a t its disposal, 
the In s titu tion  is able to  offer a p la tfo rm  fo r the 
d issem ination o f  know ledge, it m ust be borne in

m ind th a t the publication  o f an  original piece o f  
w ork was o f  great im portance to  the au th o r who, 
very naturally , considered publication  in  term s o f 
w hat it m eant by way o f  réclam e ; it was in  this 
respect th a t a  ju n io r Institu tion  was handicapped—  
a  handicap  w hich the B rit.I.R .E . had , to  a 
considerable extent, a lready  overcom e. W e could, 
no t, how ever, yet be satisfied, w hen considering 
the B ritish  C om m onw ealth  an d  E m pire as a  whole, 
th a t the m em bership was sufficient. T he grow th 
o f  m em bership th ro u g h o u t the E m pire and  C om 
m onw ealth  was very encouraging an d  should  be 
m ore gratifying as fu rther E m pire Sections were 
founded. M uch m ore m ust be done in  order to  
ensure justification  for the claim  o f  being the 
recognised Institu tion  fo r B ritish rad io  engineers.

Such thoughts as these fo rm ed  the  them e o f  the 
speech o f  one o f  the In s titu tio n ’s officers and  were a 
sober rem inder th a t w hilst we have now  reached  a 
degree o f  m aturity , we also have a g rea t ho n o u r 
and  responsibility to  ensure th a t the In s titu tio n ’s 
m em bership continues to  develop and  th a t the 
s tandard  o f  its proceedings is m aintained.

Im m ediately, C ouncil is able to  rep o rt th a t 
m em bersh ip  developm ent is being well m a in 
tained ; p ap e r restrictions m ake it im possible 
to  pub lish  the Journal so frequently  as m em bers 
w ould  like, a lthough  the papers and  discussions 
a t the various Section m eetings give sufficient 
m aterial fo r the publication  o f  a  m onthly  Journal.

T here is no t, however, any restriction  on  the 
meetings w hich m ay be held by the In s titu tion  and  
the long p lanned  C onvention  is now  to  take  place 
in M ay, 1947. A balanced program m e has been 
arranged  to  give as wide a  survey as possible to  
the whole field o f  rad io  science.

G rea t in terest has been exhibited in  the  C on
vention , w hich should  prov ide am ple oppo rtu n ity  
to  show  app rec ia tion  o f  H is M ajesty’s P atronage 
by m aking  a m ajo r con tribu tion  to  the In s titu tio n ’s 
m ain object, th a t o f  p rom oting  the science o f  rad io .
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THE 21st ANNIVERSARY DINNER

The Toast to the President, Admiral the Viscount Mountbatten o f  Burma

proposed by 

Leslie McMichael (Immediate Past-President) 
(At the 21 st Anniversary Dinner o f  the Institution held on October 31 st, 1946)

• T o-n igh t we m ark , in  ap p ro p ria te  B ritish fashion,
the com ing o f  age o f  o u r In s titu tio n  and , a t the 
sam e tim e, express good  wishes to  A dm iral M o u n t
ba tten  on  his acceding to  the office o f  President.

T o-n igh t’s gathering  is well tim ed because it was 
actually  on  O ctober 31st, 1925, th a t the first general 
m eeting o f  the In s titu tion  was held. T w enty-one 
years m ay be a  sh o rt spell o f  tim e to  m any o f  us 
here, b u t to  the o lder m em bers o f  the In s titu tion  
it represents a  period  n o t only o f  grow th  an d  
achievem ent b u t also a  period  o f  h igh endeavour, 
o ften  w ith fru stra tion , stretching back, it seem s to  
us, in to  a  rem ote  age. W e experienced all the  h a rd 
ships and  heartaches w hich have characterised  the 
found ing  o f  nearly  every learned society and , o f  
course, in th a t respect, we have m uch in  com m on 
w ith the earlier years o f  the o lder Institu tions, and  
have com e to  understand  th a t professional accept
ance is trad itionally  a  m atte r o f  tim e, an d  p ro o f  o f  
m aintenance o f  standards.

W hilst fo r those first years the In s titu tio n ’s 
p rogress m ay have been slow and  in keeping w ith 
the  trad itions o f  professional Institu tions, o u r 
P residen t’s progress on the o ther hand , has been 
the  very opposite. I t  is a coincidence tha t, in M ay, 
1925, L ieu tenan t L o rd  L ouis M oun tbatten , as he 
then  was, com pleted  his final Signals C ourse which 
resu lted  in  his ob ta in ing  first place and  securing 
the Jackson  E verett Prize, w hich is the highest 
aw ard  a t the N aval Signal School. Subsequently , 
A dm iral M ou n tb a tten  held a num ber o f  rad io  
appo in tm en ts in  the R oyal N avy, including th a t 
o f  F lee t W ireless Officer, M editerranean  F lee t ; 
F lo tilla  Signal an d  W ireless Officer w ith the Second 
D estroyer F lo tilla  ; an d  senior W ireless In s tru c to r 
a t H .M . Signal School.

I t  was w hilst serving w ith the M ed iterranean  
F leet th a t C om m ander L ord  L ouis M o u n tb a tten  
becam e a  M em ber o f  the Institu tion . T his very 
b rie f reference to  o u r P residen t’s earlier w ork  in

th e  N avy also em phasises th a t the  Sen ior Service 
recognised the possibilities o f  rad io  long  before 
rad io  engineering becam e such an  established 
industry  and  profession as it is to-day. Indeed, 
th e  dem ands o f  th e  fighting Services, especially 
during  the tw o w orld  w ars, have given considerable 
im petus to  the developm ent o f  rad io  science, and  in 
re tu rn , we believe th a t the achievem ent o f  British 
rad io  engineering played n o  sm all p a r t in  the 
success so m agnificently w on by o u r fighting forces.

In  the ligh t o f  p resent-day achievem ents, it 
seem s h a rd  to  believe th a t as recently  as 1925, 
rad io  was p rim arily  regarded  as a  legitim ate hobby 
fo r anyone w ho h ad  experienced the joys o f  try ing 
to  construct a  crystal set ! T he B ritish  B ro ad 
casting C o rp o ra tio n  was then  only a  C om pany  and 
h ad  n o t yet em barked  up o n  those am bitious p ro 
gram m es which, w hilst being the headache o f  the 
rad io  engineer, d id  so  m uch  to  stim ulate  the 
developm ent o f  rad io  com m unications, from  which 
experience the rad io  engineer o f  to -day  n o t only 
encom passes the w orld b u t is ab le  to  apply  radio 
technique to  the needs o f  a lm ost every other 
industry.

L ooking  back over the  p a s t 21 years, one finds 
th a t in 1925 the com paratively  few rad io  engineers 
o f  this coun try  were discussing in technical jou rnals 
the very first sh o r t w ave transm ission  to  A ustralia 
on  18 to  21 m ., an d  an  artic le  in  a  technical jou rnal 
was devoted to  the construc tion  o f  a  loud  speaker 
receiver w orking from  A .C . m ains ! In  those sam e 
jou rnals, there  w as m ention  o f  the  fo rm atio n  of 
the B ritish ‘ In s ti tu te ’ o f  R ad io  E ngineers. My 
friend, M r. Pocock, w hom  I am  so pleased to  see 
here to -n igh t, p layed  n o  sm all p a rt in  being 
responsib le  fo r the original fo rm atio n  o f  our 
In s titu tio n , fo r it was th rough  the tw o journals 
w ith w hich he is now  associa ted— The Wireless 
W orld  and  The Wireless Engineer— th a t corres
pondence and  ed ito ria ls were published  in  1924 and 
1925 advocating  an d  discussing the  need fo r a
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M R . L E S L I E  M c M I C H A E L

separa te  Institu tion . T hose jo u rn a ls  were, and  
still are, the w ell-thum bed reference w orks o f  rad io  
engineers, and  w hen one reads the volum es for those 
early years one can begin to  apprecia te  the tre
m endous strides w hich have been m ade in  the 
advancem ent o f  the particu lar b ranch  o f  engineer
ing w hich we now  call radio .

R etu rn ing  to  the subject o f  title, how ever, I  well 
recall the edito rial published in The Wireless 
Engineer sta ting  th a t if  the Institu tion  was indeed 
to  be a B ritish Institu tion , the in ternational w ord 

ni “  rad io  ”  should  be used instead o f  the term
“ wireless.”  M r. Pocock’g advocacy d id  not, 
how ever, find favour w ith us until late in the 30’s 

Id and  so, fo r the first decade o f  the Ins titu tion , we
¿1 were perhaps, hand icapped  by using the old-
aK fashioned title “  Wireless E ngineers.”
idt

I am  glad to  be able to  record  how  very m uch 
I A dm iral M ou n tb a tten  encouraged and  helped  us

,;J in those difficult years to  which I have referred.
Before the w ar, he was the senior V ice-President 

, il o f  the Ins titu tion  and  had  already been proposed
25, fo r the  office o f  President, which is the highest
oty h o n o u r th a t we can confer. I t is only in this year
jinj th a t he has been able to  accept this election, and
oad- a lthough  he now  enters this office w ith great
ail honours and  repu ta tion , we still regard  hirrM nost
p» affectionately for the help he has always given and
iftli the great interest he has always had  in o u r Institu-
e ft tion. F o r  his greater achievem ents an d  services
wtic to  civilisation during  these recent years we all
I oil ho n o u r him  as m em bers o f  a  free B ritish Em pire
ini and  are  proud  indeed th a t th roughou t these g reater
oft services to  his country , he has alw ays retained  a

keen interest in his m em bership and  office in  the 
B ritish Institu tion  o f  R ad io  Engineers.

it®
gte O u r great U niversities and  cities have given ju s t
jutm) p raise and  h o n o u r to  A dm iral M oun tbatten  fo r
iisré his ou tstanding  achievem ents as a guard ian  o f
jouw o u r freedom , bu t in those greater services it may
ipeati be overlooked th a t he also m ade a valuable contri-
«8» bu tion  to  learning, fo r the tirst serious instructional
tioit rad io  m anual—The A dm iralty  H and b o o k  on

W ireless T elegraphy— was revised by A dm iral 
110» M oun tba tten  w hilst he was a t H .M . Signal School,
té H e was also responsible fo r the w riting o f  the very

of W first A dm iralty  H an d b o o k  on  W ireless Telegraphy
0 t  Sets.
faiH

A s I  have said, A dm iral M oun tba tten ’s final 
rad io  ap p o in tm en t was as F leet W ireless Officer o f  

, !  the  M ed iterranean  F leet, in  w hich he served under

L ord  Chatfield and  Sir W illiam  Fisher. D uring  
th a t tim e o u r President in troduced a num ber o f  
innovations and  I have no  d oub t th a t it was during 
the ho ld ing  o f  these appo in tm en ts th a t he decided 
to  help us to  encourage a  h igher s tandard  o f  
efficiency by institu ting  the aw ard  o f  the M o u n t
b a tten  M edal. A s m em bers know , this aw ard  has 
been m ade annually  since 1939 to  the m ost o u t
stand ing  candida te  in the A rm y, N avy o r A ir 
F orce tak ing  the In s titu tio n ’s G raduatesh ip  
E xam ination .

Since then , o u r Ins titu tion  has indeed assum ed 
an in ternational ou tlook , bo th  in its activities and  
in its m em bership. A s you are  aw are, M r.
P resident, there is a  very close relationship  between 
ourselves and  the A ustralian  Institu tion  o f  R adio  
Engineers, and  y ou r C ouncil is now  actively con
sidering the developm ent o f  sections o f  the Institu 
tion  in New  Z ealand and  th roughou t the British 
E m pire. I t is m ost gratifying to  us to  have so m any 
good  wishes from  ou r m em bers and  friends over
seas who have no t been able to  be w ith us to-night.
I  am  hoping, M r. President, th a t in your speech, 
w hich is to  be broadcast, you will acknow ledge and  
re tu rn  the good wishes w hich we have received 
from  A ustralia. There, you  m ay know , they have 
a  R adio  F ounders’ D ay, and  this year all the 
b roadcasting  sta tions in  A ustralia  carried  a message 
from  the G overnor G eneral o f  A ustralia, His 
R oyal H ighness T he D uke o f  G loucester. We 
were very pleased to  hear, in th a t b roadcast, a 
message o f  goodwill to  this Ins titu tion  from  His 
R oyal H ighness.

The m em bership you take over, M r. President, 
is in ternational, but it is p redom inantly  spread 
th ro u g h o u t the B ritish E m pire ; my colleague, 
M r. A dorian , will refer in greater detail to  the 
guests who are here to-night, but looking around  a t 
o u r ow n m em bership, I see such a  num ber o f  
representatives from  the Services th a t J  am  
rem inded o f  our P resident’s successes in  organising 
com bined operations ! W ith ou r President, I 
believe in the need fo r co-operation , and  it says 
m uch for the success o f ou r Institu tion  th a t mem 
bership from  the regular Services keeps pace with 
the m em bership from  Industry  and  the Universities.

I  th ink  th a t one o f  the m ost im portan t aspects o f 
the In s titu tion ’s w ork  is the bringing together o f  all 
w ho are engaged in the developm ent and  practice 
o f  rad io  engineering ; we all know  th a t science 
canno t rest on  the fundam ental discoveries o f  past 
generations, an d  m eans m ust exist, o r be agreed
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upon, fo r free discussion  an d  the  spreading o f  
know ledge.

T here are  so m any p roblem s in  rad io  w hich have 
to  be solved, ju s t as there are  prob lem s in  aviation  
and  every o ther field o f  science, and  the m ore we 
pool o u r problem s, the g reater will be the  prospect 
o f  science w ork ing  fo r the g reatest benefit o f  
m ankind. A s an  engineering body  we are  ju s t as 
m uch in terested  in fundam en ta l research  as in the 
application  thereof, fo r w ho can say w hen research 
ceases to  be o f  m erely academ ic interest. I t  is no t, 
fo r exam ple, so m any years ago th a t the phenom ena 
know n as rad io  echo was a lm ost o f  purely academ ic 
in terest— to-day, the  outcom e o f  this particu la r 
research has p roved to  be the basis o f  m any new 
industries, p roducing  a  variety o f  equipm ent fo r 
wide application  in  tim es o f  peace, having already 
played an  enorm ous p a rt in w inning the war.

W e have h ad  then  o u r difficulties as an  In s titu 
tion , b u t we have overcom e them  in the m ain  by 
team  w ork  an d  a striving fo r high standards by a 
keen m em bership . W e are  alive to  the obligations

im posed  up o n  us by the  term s o f  the in co rp o ra tio n  
o f  the In s titu tion , an d  to  achieve these objects 
sound  leadership  is essential and , A dm ira l 
M o u n tb a tten , we are  highly h o n o u red  to  elect you 
as the T en th  P residen t o f  o u r In s titu tion .

In  w ishing you  a  happy  an d  successful year 
o f  office, I  do  so in  the  know ledge th a t you will 
have a t y ou r com m and  the full co -opera tion  o f a 
m em bership, th a t is, in  every respect, in  keeping 
w ith the B ritish trad itio n  o f  engineering  societies 
and  an  influence fo r public  good.

T he C ouncil an d  C om m ittees w hich have re
cently been elected fo r th is year reflect every 
sphere o f  activity  in  w hich o u r m em bers are  en
gaged an d  are  m oreover, experienced m en, well 
able an d  m ost anx ious to  su p p o rt you  in furthering  
the objects o f  the  Institu tion . A nd , finally, to 
sup p o rt an d  aid  y ou r C ouncil, is a  Secretary and 
S taff w hose loyalty  and  energy a re  beyond  praise.

M r. M cM ichael th en  form ally  p roposed  the 
In s titu tio n ’s T oast to  the  new  P residen t, w hich w as 
received w ith g rea t acclam ation .
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THE PRESIDENTIAL ADDRESS
of

Admiral the Viscount Mountbatten of Burma, K.G., G.C.V.O., K.C.B., D .S.O., A.D.C., LL.D., D.C.L.

(Delivered in London on October 315/, 1946)

In  thank ing  the m em bers o f  the B ritish In s ti
tu tion  o f  R ad io  Engineers for the high ho n o u r 
they have paid  me in electing me President, I w ould 
like to  say w hat a  pleasure it has been to  be 
associated w ith the Institu tion  fo r m ore than  h a lf  
its life. T hough I did n o t jo in  till 1935, I passed 
my qualifying exam inations in 1925, the year o f  its 
b irth .

I  am  extrem ely grateful to  M r. M cM ichael for 
the k ind  th ings he has said ab o u t me, and  I p a r
ticu larly  appreciate  his references to  m y service 
as a W ireless Specialist.

I w ould like to  pay  tribu te  to  all those w ho have 
served the Institu tion , and  enabled  it to  negotiate 
the very difficult w ar years successfully ; and  in 
particu lar to  ou r Secretary, M r. G . D . Clifford. 
I w ould  also like to  rem ind  you o f  the very large 
p a rt played by my predecessor, M r. M cM ichael, 
in establishing the Ins titu tion  in the sta tus which 
it now  enjoys.

M r. M cM ichael has referred  to  the message o f  
greetings from  ou r co un te rpart in A ustralia, w ith 
which we have such close ties, and  o f  which I have 
the privilege to  be a m em ber ; and  since w hat I 
am  saying now  is going ou t in the overseas b ro ad 
cast, I should  like to  take  this opportun ity  o f 
thank ing  ou r colleagues fo r their k ind  message, 
w hich is m uch appreciated  and  heartily  recip ro 
cated.

I feel th a t it is a fitting recognition and  a  splendid 
clim ax to  M r. M cM ichael’s years o f  office, th a t 
I  am  able to  announce to -n igh t th a t H is M ajesty 
the K ing  has been graciously pleased to  h o n o u r us 
by g ran ting  his pa tronage to  the B ritish Institu tion  
o f  R ad io  Engineers.

In  the p a s t 21 years the science o f  electronics 
has m ade great strides ; bu t, as we know , there 
has been a  gap betw een scientific theory  and  p rac
tical app lication . D uring  the w ar a  w onderful 
o p p o rtu n ity  o f  closing this gap  cam e to  scientists 
in  every field, an d  it w ould be im possible to  over
estim ate th e  p a rt they p layed in  bringing ab o u t 
victory.

I am  n o t th ink ing  now  o f  the pulverisation o f

H iroshim a, b u t o f  the countless ways, m any o f  
them  still undream t o f  by the public, in  which 
scientists were able to  place n o t only their specific 
inventions b u t also their special qualifications, as 
well as the ir particu lar ap titude  fo r scientific 
th inking, a t the disposal o f  the w ar m achine. I 
am  happy  to  feel th a t I was able, in a small way, 
to  con tribu te  to  bringing ab o u t this state o f  affairs.

In  1941, I  found  m yself in charge o f  C om bined 
O perations, one o f  w hose principal tasks was to  
develop the  technique and  appliances needed for 
the large-scale am phib ious assaults w hich w ould 
culm inate in the N orm andy  invasion. I had  spent 
eight years as a  wireless specialist, serving con 
tinuously  in  wireless appointm ents. I had  received 
as m uch scientific tra in ing  and  experience as a 
naval officer can ; and  I naturally  took  a p ar
ticu lar interest in  the wireless aspect o f  C om bined 
O perations.

I t was clear th a t an  operation  like “ O verlord ” , 
w ith its heavy concentration  o f  a great diversity o f  
fighting units, w ould  n o t be possible w ithout the 
highly in tegrated  application  o f  m odern rad io  
science ; and  the first thing I did was to  im port 
som e o f  my old pupils and  colleagues to  help me 
in tackling this side o f  the problem .

F irst o f  all a L anding Ship H eadquarters was 
devised, to  con tro l an  A rm y D ivision w ith the co r
responding  naval and  a ir com ponents during the 
assau lt and  the early phases o f  the landing. The 
first headquarters ship fitted ou t was the Bulolo, 
w ith 20 transm itting  and  60 receiving sets ; several 
o ther B ritish headquarters ships follow ed, and  the 
A m ericans also follow ed this idea, pu tting  even 
m ore transm itters and  receivers in to  their ships 
than  we h ad  ! These headquarters ships p roved 
invaluable in am phibious operations in providing 
the com m anders, jo in tly  and  individually, w ith an 
up-to -date  picture o f  the situation , and  fo r enabling 
them  to  give instan taneous directions to  large 
forces in a rapidly changing situation.

W hat were called F igh ter D irection  Ships were 
also devised : com paratively small ships, cram m ed 
w ith rad io  and  rad a r equipm ent, which enabled 
the R .A .F . contro ller on  board  to  form  a com plete
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picture  o f  the fighting in  the  air, an d  to  give in s truc
tions to  o u r ow n aircraft, while they were actually  
fighting.

B u t even these were n o t enough. W ireless tele
graphy  was to o  slow  a  m edium  to  enable com 
m anders to  collect in fo rm ation  and  tran sm it 
directions a t the ra te  w hich w ould  be necessary 
to  keep up  w ith  the  progress o f  the  assault. So we 
fo u n d  it  necessary, in  add itio n  to  the  m any w ire
less telegraph links we already  had , to  set up  a 
special ne tw ork  o f  rad io -te lephone beam s, and  to  
in tegrate  it  w ith  th e  n o rm al in land  te lephone 
service. T his enab led  com m anders ashore and  
afloat to  com m unicate  w ith their opposite num bers 
— bo th  afloat, ashore, and  la te r on  the  C o n tin en t— 
alm ost as easily as they could  telephone between 
their o rd inary  shore offices. T he B.B.C. com m en
taries b roadcas t from  F ran ce  soon after D -D ay  
w ere tran sm itted  over these beam s ; so m any o f  
you here  to -n igh t m ust have heard  them  in  use.

T his special netw ork , w hich was in itia ted  a t 
C om bined  O perations H eadquarters, offers one 
exam ple— am ong  so  m any— o f  inter-allied, in ter
service p lann ing  and  co-operation . I t  w as entirely 
due to  the  fac t th a t th is inter-allied, inter-service 
co -opera tion  was achieved, th a t the congestion  in 
the e ther d id  n o t resu lt in  com plete chaos.

F o r  tactical wireless com m unications were m ulti
p lied  to  such an  extent th a t the available fre
quency spectrum  in the ether was actually  allo tted  
several tim es over ! T h a t is to  say, th a t w hereas 
in no rm al tim es a single frequency allocation  
w ould be used by only one wireless fink, in  this 
case m ost o f  them  were shared  by three, fou r o r 
even five separate links, usually operated  by 
different services.

In  the earliest days o f  C om bined O perations 
p lanning, the  existing varia tions in equipm ent p ro 
cedure, an d  general technique, p resented  a  great 
obstacle  ; and  it  soon becam e clear th a t, if  the  
th ree  services were to  th ink , speak, p lan  and  ac t 
as an  in tegrated  whole, th is w ould involve in te 
gra ting  the technique o f  service com m unications 
to  th e  g reatest possible degree. T he value o f  
hav ing  done th is w as fully confirm ed in  the 
N o im an d y  invasion.

I  have in troduced  th is question  o f  in teg ra tion , 
and  the advantages o f  a high degree o f  s tandard isa 
tio n  o f  equ ipm en t and  practice in com m unications 
because it is one which is up  fo r consideration  a t 
th e  p resen t tim e. A t the B erm uda T elecom m unica
tions C onference a  year ago, M ajor-G eneral

S toner stressed the need fo r a  w orld  s tan d a rd  te le 
g raph  technique, and  fo r a  unified w orld-w ide w ire 
less te legraph  netw ork , based  on  th e  lines h e  had  
so adm irab ly  p ioneered  in the  U .S . A rm y. A 
num ber o f  com m ittees on  w hich the  fighting ser
vices, as well as civil an d  com m ercial in terests in 
the  B ritish  C om m onw ealth  a re  rep resen ted , are 
now  studying th is question .

N o t only is it hoped  th a t a s tan d ard  system  will 
be evolved, in  w hich m orse  opera to rs  will be 
replaced by au to m atic  ap p a ra tu s  such as th e  te le 
p rin ter, an d  p robab ly  in  ce rta in  c ircum stances by 
facsim ile tran sm itte rs, b u t i t  is h o ped  th a t  a  single 
unified w orld-w ide n e tw ork  o f  s ta tio n s  m ay be set 
up  over w hich m essages will be passed  au to m a tic 
ally o r sem i-autom atically , fro m  o rig in  to  desti
na tion , w ithou t appreciab le  delay a t  any  necessary 
in term ed ia te  sta tions.

T he messages will be typed  in the first in stance  
a t the office o f  origin, a fte r w hich th ere  will be no  
fu rth e r typ ing  o r  w riting  u n til they  em erge, typed  
on  a  sheet o f  paper, a t  the ir destina tion , w hich m ay  
be a  shore office, a  ship, o r an  a ircraft, anyw here in  
the w orld. M oreover, i f  th e  p lan  allow s fo r a  suffi
cient num ber o f  sta tions, correctly  s itua ted , it  will 
be possible, by varying the  ro u tes  over w hich 
m essages a re  sent, to  ensure a  24 -hour service 
betw een any tw o given sta tions.

I t  is encourag ing  th a t the th ree fighting services 
o f  the  B ritish  C om m onw ealth  shou ld  now  be 
considering  the  possibilities o f  a  single unified and 
in teg ra ted  netw ork  o f  th is k ind . I h o p e  they  will 
be able to  reach  an  agreed  so lu tion , a n d  tak e  w hat 
m ay well p rove to  be th e  first step  to w ard s an 
in te rna tiona l system  over a  w orld-w ide netw ork .

T he w ar n o t only tau g h t u s a  g rea t deal abou t 
techniques, b u t it  p roved  the occasion  fo r  new 
departures in app lica tion . W hen  I w ent to  South  
E ast A sia, my Signal O fficer-in-C hief devised a 
flying wireless an d  cypher s ta tion , consisting  o f  a 
D a k o ta  w ith  a  h igh-frequency  tran sm itte r  w hich 
cou ld  be opera ted  w hen th e  m ach ine  w as on  the 
g round . F o r  m ore  th a n  tw o  years th is a ircraft, 
w hich we christened  the  M ercury, accom pan ied  me 
on  trips to talling  m ore th an  200,000 miles ; an d  it 
enab led  m e to  rem ain  in  co n stan t to u ch  w ith  my 
headquarte rs , an d  thus w ith  L o n d o n  an d  w ith 
every p a r t o f  m y theatre .

T he w ar also p rovided  a  g rea t s tim ulus to  all 
fo rm s o f  electronic research , an d  m uch  o f  th is is 
now  being directed to  inventions fo r pu re ly  p eace 
tim e purposes.
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M any devices have been developed in the field 
o f  electronics, w hich enorm ously  augm ent ou r 
present hum an  senses. T he best know n o f  these, 
o f  course, is R ad ar, w hich augm ents to  a rem ark 
able degree ou r sense o f  sight, n o t only as regards 
distance b u t also in  its capacity  to  penetrate  fog o r 
darkness.

By pooling and  transfo rm ing  the potentialities 
o f  o ther fo rm s o f  rad ia tion  (such as light, heat, 
sound , X -rays, gam m a rays, and  cosm ic rays), we 
m ay in fu tu re  be able to  receive the  co un te rpart o f  
R a d a r  screen p ictures, from  inside o u r bodies, o r 
even from  inside individual body cells. O r perhaps 
we m ay receive them  from  the in terio r o f  the earth , 
o r from  the stars and  galaxies.

A nd  the sense-m achine m ay present us w ith 
in fo rm ation  n o t only visually, b u t also in  the  form  
o f  sound, o r even o f  feeling. F o r  there is reason  to  
believe, also, th a t facilities fo r im pressing in fo rm a
tion  and  know ledge on  the h um an  brain , a t present 
largely lim ited to  sight and  sound, m ay be extended 
by the d irect app lication  o f  electrical curren ts to  
the hum an  body o r brain.

T his extension o f  the sense o f  feeling is still in its 
infancy ; b u t even now  it is possible to  connect 
an electronic circuit w ith a  b ar o f  iron— such as a 
g irder in  a  bridge— an d  to  apply its curren ts to  a 
hum an  arm , so th a t a  m an  can  feel indications o f 
the stresses and  strains to  w hich the girder is being 
subjected.

So the in fo rm ation  from  the  sense-m achine 
m ay very well com e to  us in  form s w hich will be 
unintelligible un til we have n o t so m uch developed 
new senses as developed o u r present sensibilities 
and  tra ined  ourselves to  in terp re t new ranges o f 
sight and  sound  and  feeling, ju s t as we had  to  learn  
to  in terp re t the in fo rm ation  depicted on  the ra d a r  
screen.

T hose ad justm ents will n o t be necessary ju s t yet. 
A t the  present time, how ever, we can benefit in 
ra th e r m ore m undane ways : a new type o f  elec
tron ic  cooker, fo r instance, can now  generate heat 
inside food  by induction , instead o f  the heat 
having to  be conducted  th rough  the crust o r skin 
and  diffused slowly th rough  the food. This cooker 
will bake gingerbread in one m inute, and  cook  a 
chicken in  fou r !

E lectronic devices fit in to  tw o m ain categories : 
one w hich aim s a t saving labour, and  the o ther 
w hich aim s a t saving thought. A long the labour- 
saving line, th is m eans extending o u r invention in 
the field o f  ac tion-contro l m achinery.

In  place o f  the m achines in troduced  by the 
industria l revolution , which needed direct and  
local con tro l by hum an beings (often a t the cost o f  
heavy physical labour), we first devised the pilot- 
less plane, contro lled  from  a  distance ; an d  we 
now  have the pilotless plough, contro lled  by an  
absent p loughm an (bu t no t, let us hope, by an 
absent-m inded one !)

W hat I m ay call the thought-saving line o f  
electronic research covers anyth ing  from  calcu
la ting  m achines to  the au tom atic  finger p rin t 
sorting  m achine used in m odern  crim inology.

O ur present m ethods o f  indexing know ledge are 
an tiquated  an d  illogical. O ur norm al index systems 
trace an item  by initial letters, o r by classes and  
sub-classes.

B ut the hum an brain  does n o t operate  like t h a t : 
it establishes instan taneous association between 
one item  and  an o th er by m eans o f  som e in tricate 
concatenation  carried  in the cells o f  the brain.

O ne can  hard ly  hope to  reproduce by artificial 
m eans the speed, the intricacy o f  the connecting 
links, and  the detailed pictures o f  the hum an 
m ind ; b u t m an is learning a great deal from  the 
w orkings o f  his ow n brain.

I t  is in  th is dom ain  th a t the stage is now  set 
fo r the m ost W ellsian developm ent o f  a l l : the 
E lectronic Brain.

In  the h um an  brain , as we know , the po rtio n  a t 
the back o f  the head takes charge o f  the autom atic  
m ovem ents o f  the body such as breathing, walking 
and  balancing. This p o rtio n  receives signals ind i
cating w hether, fo r instance, the lungs are em pty, 
and  w ant refilling ; w hen it prom ptly  transm its to  
those muscles w hose duty  it is to  keep the various 
functions operating  correctly.

E xcept in the case o f  the heart, w hich is purely 
autom atic , this b rain  process is subject to  only 
very general directions from  the intellectual 
p o rtion  o f  the b rain  a t the fron t o f  the head. I f  we 
h ad  to  th ink  o u t every single m uscular m ovem ent 
every tim e we to o k  a  b rea th  o r w alked a  step, we 
should  n o t have m uch m ental energy left fo r 
creative thought.

I t  is now  considered possible to  evolve an  elec
tron ic  brain  w hich will perform  functions analo 
gous to  those a t present undertaken  by the sem i
au tom atic  p o rtion  o f  the hum an  brain.

T ha t is to  say, it  will receive in form ation  ab o u t 
the situation  o f  the m achinery under its contro l, 
an d  will p rovide an  intelligent—I repeat, intelli
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gent— link betw een th a t in fo rm ation  and  the  action  
necessary to  keep the m achinery  in general co n 
form ity  w ith the overall d irections given to  it  by 
m an. In  p roviding th is intelligent link  betw een this 
in fo rm ation  and  the action  necessary to  con tro l 
the m achinery, the electronic b ra in  will en o r
m ously extend the scope o f  the h u m an  brain , n o t 
only in essence b u t also in  distance.

T his will be done by rad io  valves, activating  
each o ther in the way th a t b ra in  cells do  ; an d  one 
such m achine, the E lectronic N um eral In teg ra to r 
and  C om p u to r (E N IA C ) em ploys 18,000 valves, 
an d  consum es as m uch pow er as 100 electric 
rad iators.

A  m achine o f  this k ind  will receive in fo rm ation  
supplied  to  it by the various in fo rm ation  system s ; 
it will so rt o u t th is in fo rm ation , acting in a cco rd 
ance w ith overall d irections given to  it by hum an  
beings ; even a t a distance it will obey its orders.

T he E N IA C  can solve com plicated  m athem atical 
p roblem s in  a  fraction  o f  the tim e taken  by a 
m athem atician .

T he answ er to  one particu lar prob lem , for 
instance, w hich concerns the tra jectory  o f  p ro 
jectiles in flight, and  takes a m athem atician  ab o u t 
ten days to  find, can  be ex tracted  from  th is 
m achine in fo u r seconds, so th a t abstruse calcu la
tions on w hich m athem aticians m ight spend years, 
can now  be solved in a few hours.

T he solu tion  o f  m any m athem atical problem s, 
particu larly  in in tegral equations, requires the 
exercise o f  choice and  discrim ination  on  the p a rt 
o f  the m athem atician , w hich he is able to  exercise 
as a resu lt o f  experience.

E ven this fac to r can be covered ; fo r m achines 
now  actually  in use can exercise a  degree o f  
m em ory ; and  som e are  now  being designed to  
exercise those h itherto  h um an  prerogatives o f  
choice and  judgm ent. O ne o f  them  could  even be 
m ade to  play a  ra th er m ediocre gam e o f  chess !

In  the field o f  m em ory alone, how ever, it seem s 
likely th a t m an  is to  be p rovided w ith vastly 
g reater and  speedier access to  the inherited  know 
ledge o f  the ages than  he is able to  com m and a t 
the p resen t time.

In th is connection , I am  indebted  to  D r. V an- 
nevar B ush, D irec to r o f  U .S. Office o f  Scientific 
R esearch and  D evelopm ent, w ith w hom  I had  
som e dealings during the w ar, fo r som e extrem ely 
in teresting  no tes he has sent m e ab o u t an  electronic 
m em ory m achine.

D r. B ush po in ts o u t th a t o u r p resen t m ethods o f  
sto ring  know ledge a re  extrem ely cum bersom e, 
m ost o f  it being p u t in to  bo o k  fo rm , w hich occu
pies 10,000 tim es the space th a t m icro-film  storage 
o f  the  sam e in fo rm ation  need tak e  up.

M oreover, the a rd u o u s  process o f  w riting, 
p rin ting  an d  pub lish ing  cou ld  be replaced by 
directly reco rd ing  h u m an  speech on  to  a  sound 
track  in  legible f o r m ; an d  I  actually  mean 
“ legible,”  though  to  accom plish  th is it w ould 
p robab ly  be necessary to  redesign p resen t lan 
guages on  a m ore m echanical basis.

I t  is beginning to  seem possib le th a t electronic 
techniques can  be developed w hich will enable 
us to  sto re  item s o f  o u r ever-increasing  range o f 
hum an  know ledge in  com pac t an d  yet fa r  m ore 
accessible form .

T he reference lib ra ry  o f  the fu tu re  will be a k ind , 
o f  m em ory m achine, o f  the size o f  a large desk 
I t  will sto re  such a fan tastic  a m o u n t o f  in fo rm a
tion  th a t it w ould  take  h u nd reds o f  years to  fill 
if the  user inserted  every day the  equ ivalen t o f  
w hat is now  5,000 pages o f  m aterial.

T he ow ner o f  th is m agic desk will, in fact, have 
a t his d isposal in com pac t fo rm  w hat w ou ld  
now adays be the w hole con ten ts o f  a  colossal 
reference lib rary  o f  m illions o f  volum es. M ore
over, by a system  o f  indexing an d  au to m atic  cross- 
reference, based on  electronic selection, he will be 
able to  ex tract w hat he needs by pressing a few 
keys, instead  o f  going th ro u g h  the long  process 
th a t is now  necessary in  public  libraries.

As we m ove tow ards the abo litio n  o f  rou tine  
m ental w ork  as well as o f  ro u tin e  physical labou r 
we are  being enabled  n o t only to  accom plish 
achievem ents fa r  beyond  the  scope o f  present 
hum an  a tta inm en t, b u t also, theoretically  a t any 
rate , to  free the  h um an  m ind fo r creative purposes.

I say theoretically , because it  is n o t quite  sure 
th a t all o f  us spend  every m om ent rescued by 
labour-saving an d  o ther devices, in  listening-in 
(as we should  be doing !) to  the T h ird  P rogram m e 
instead  o f  filling in foo tball coupons !

B ut perhaps by the tim e the  m achines a re  doing 
all o u r rou tine  w ork, an d  all o u r ro u tin e  th ink ing  
fo r us, we shall have a tta in ed  a  stage w here we 
can m ake p roper use o f  the tim e gained.

N ow  th a t the elec tronic b ra in  an d  m em ory 
m achine are  up o n  us, it seem s th a t we a re  really 
facing a  new revo lu tion  : this tim e, n o t an  indus
tria l one, b u t a revo lu tion  o f  the  m ind. A nd  in
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this revo lu tion  the responsibilities facing scientists 
to -day  are  fo rm idab le  and  serious.

A t the  tim e o f  th e  industria l revolu tion  forces 
were released,, before the general in tellect and  
conscience o f  m ank ind  had  been sufficiently indoc
trinated  to  con tro l and  d irect them  fo r the benefit 
o f  m an.

I f  such a gap is again perm itted  to  arise, in  the 
course o f  the scientific revo lu tion  we are  now  
living th rough , only d isaster can result.

I have already po in ted  o u t how  in the late w ar 
it was found  im perative th a t the gap betw een pure  
and  applied sciences should  be closed ; and  how  
scientists were b rough t in, and  opera tional 

ji research divisions set up , on  m ilitary  staffs.
In  my ow n case I was fo rtu n a te  enough to  be 

able to  ob tain  perm ission to  ap p o in t as m em bers o f  
^ my staff, bo th  in C om bined O perations and  South
K. E ast A sia, som e o f  the m ost em inent scientists in

the coun try— m en like Bernal, Z uckerm an, and 
„1 T. W . J. T aylor.

These m en o f  science n o t only w orked w ith  the 
s N aval, M ilitary  and  R .A .F . officers w ho form ed
|j m y new ly created  D irec to ra te  o f  E xperim ents and
' S taff R equirem ents, b u t becam e m em bers o f  my

inter-service opera tional p lanning  staff.

»  H ere they were able to  gain first-hand experi-
ibi ence o f  m ilitary p lann ing , and  to  learn w hat the
fti p lanners w anted to  accom plish. A t th a t point,
® their function  was, as Sir H enry  T izzard, the

C hairm an o f  the new D efence R esearch Policy 
C om m ittee, p u t it, to  give the  p lanners n o t w hat 
they w anted b u t w hat they needed.
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F or, as a  scientist on my staff, quo ting  C hester
ton, said o f  my planners : “ It isn ’t th a t they can ’t 
see the so lu tion  : it is th a t they can ’t see the 
p roblem .”

W e are  now , it seems, to  have a  peace-tim e 
co un te rpart to  the m ilitary operational research 
staff. I am  delighted to  hear th a t a  special research 
unit is being set up by the B oard  o f  T rade, and  
will be linked w ith Social Survey and  to  a statis
tical g roup  under the D epartm en t o f  Scientific and  
Industria l Research.

I t  will study civilian peace-tim e needs, and  
relate  them  to  the resources w hich science has 
a t its disposal. I f  the m axim um  advantage is to  
com e from  this new venture, scientific institu tions 
and  bodies, as well as individual scientists, will 
all have to  play their part.

T he war, in  a  very special way, “ p u t science on  
the m ap ,”  and  it is up  to  every scientist to  do  his 
bit to  see th a t it stays there.

H e has been to o  m uch inclined to  sit in his 
ivory tow er, w ashing his hands o f  the results o f  
his discoveries and  inventions. This Pontius Pilate 
a ttitu d e  is ou t o f  date to -day— it is worse than  
o u t o f  date, it is anti-social. T he w orld is m oving 
very fast, an d  it is largely up  to  the scientist to  see 
th a t it does n o t m ove down-hill.

Learned societies and  institu tions, such as this 
one o f  R ad io  Engineers, have a great respon
sibility. Let us see to  it th a t we n o t only insist on 
being allow ed to  shoulder it, b u t th a t w hen we 
have established o u r righ t we can also prove ou r 
fitness.

loit!
ikiil
i*

0!
'rf
I#
dS

225



J O U R N A L  O F  T H E  B R I T I S H  I N S T I T U T I O N  O F  R A D I O  E N G I N E E R S

SPEECHES AND ATTENDANCE AT 21st ANNIVERSARY DINNER
L im itations o f  paper do  n o t perm it publication , in  this issue o f  the Jou rna l, o f  all th e  speeches m ade a t  the  

21st A nniversary  D inner.
In  add ition  to  the speech o f  M r. Leslie M cM ichael, an d  the P residential A ddress o f  A dm iral the 

V iscount M ou n tb a tten  o f  B urm a, w ho also  p roposed  the  L oyal T oast, the  In s titu tio n  was h o n o u red  by 
Sir R obert R obinson , President o f  the R oyal Society, p roposing  the T o ast o f  the B ritish In s titu tio n  o f 
R ad io  Engineers.

S ir R o b ert referred to  the fact th a t the R oyal Society was the  o ldest In s titu tio n  o f  its k ind  in  the w orld 
and  was indeed, now  celebrating  its 284th A nniversary . I t is ho p ed  to  publish  his speech in  a  subsequen t 
issue o f  the  Journal.

M r. P au l A dorian  (V ice-President o f  the In s titu tio n ) w elcom ed the guests and  the response w as m ade 
by P rofessor Sir W illiam  Law rence Bragg.

T he m usical p rogram m e was provided by the O rchestra o f  the  R oyal M arines (C h ath am  D ivision).
D uring  the evening, som e 200 letters, telegram s an d  cables were received, conveying the good  wishes o f 

m em bers a t hom e and  overseas w ho were prevented from  attending . T hose m em bers will be particu larly  
interested in  the follow ing list o f  som e o f  the guests w ho a ttended  the celebration .

T he P residen tia l A ddress o f  A dm iral the V iscount M o u n tb a tten  o f  B urm a was b ro ad cas t “  live ”  by the 
B ritish  B roadcasting  C o rp o ra tio n  on  the G enera l F orces P rogram m e ; the B.B.C. reco rd ing  w as later 
b ro ad cas t in  the B.B.C. H om e Service which, fo r this purpose, rem ained  open  after 11 p .m .— fo r the  first time 
since the new  closing dow n tim e was in troduced  on  the inaugu ra tion  o f  the T h ird  P rogram m e. The 
reco rd ing  was also transm itted  on  the N o rth  A m erican, L a tin  A m erican  an d  o th e r B .B.C . services.

B rigadier St. J. D . A rcedeckne-B utler, C .B.E.
( M inistry o f  Supply).

Sir U lick  A lexander, K .C .V .O ., C .M .G ., O .B.E. 
{Keeper o f  the Privy Purse and Treasurer to
H .M . the King).

Sir A m os L. Ayre, K .B.E .
{President, Institu te o f  M arine Engineers).

Professor J. D . B ernal, M .A.
{University o f  London).

C om m ander K . B. Best, M .V .O ., R .N .
{Director o f  Communictions, H om e Office).

L ord  B rabazon  o f  T ara, M .C ., P.C .

P rofessor Sir W illiam  Law rence Bragg, O .B.E ., 
M .C ., F .R .S .

{Cavendish Laboratory, University o f  Cambridge).

M r. J. N . B riton , B.Sc.
{Representing the Australian Institution o f  Radio  
Engineers).

M r. F . B rundrett. B .A.
{Scientific Research Department, Royal Navy).

Professor D . B run t, M .A ., Sc.D ., F .R .S . 
{President, Physical Society).

C ap ta in  G . F . B urghard , D .S .O ., R .N .
{Adm iralty S ignal Establishm ent).

W ing-C om m ander A. C am pbell-Johnson, O .B.E.

M r. J. A . C am acho  
{Latin-Am erica Program m e O rganiser, B .B.C .).

W . T. C ocking..
{Editor, “  Wireless Engineer” )

H . E. C raddock  
{Trader Publishing Co.).

V ice-A dm iral C. S. D aniel, C .B .E ., D .S .O . 
{Controller o f  the Navy).

G ro u p -C ap ta in  J. D avison, O .B.E.
(A ir M inistry, D .D .E . 13).

V ice-A dm iral J. W . S. D orling , C.B.
(Director, The Radio Industry Council).

C ap ta in  L. G . D urlacher, O .B .E ., D .S .C ., R .N .
(Signal Division, Adm iralty).

M r. A. G ale , M .A .
(Editor, “  N ature  ” ).

G roup -C ap ta in  J. H . G reen, C .B .E .
(Inspector o f  Recruiting, A ir  M in istry).
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Sir R ichard  G regory, B art., F .R :S.
(.President, British Assn. fo r  the Advancement o f  
Science).

Lieut.-C ol. Sir C u thbert H eadlam , B art., D .S.O .
O .B .E ., P.C ., M .P.

B rigadier J. B. H ickm an, M .C ., M .A .
(D irector o f  Scientific Research and Development, 
M inistry  o f  Supply).

P rofessor A. V. H ill, C .H ., O .B.E ., F .R .S .
( Foreign Secretary, The Royal Society).

C ap ta in  M. H odges, R .N .

C ap ta in  A. M. K napp , R .N .
(Director, Radio Equipment D epartm ent, 
Admiralty).

Sir W illiam  L arke, K .B.E.
(Chairman o f  The Federation o f  British Industries 
and Chairman o f  British Standards Institution).

t
i T he E arl o f  Listowel
I (The Postm aster-G eneral)

H . Low ery, D .Sc.
(Association o f  Principals in Technical Institutes).

M. M . M acqueen 
(Vice-Chairman, Radio Communication and  
Electronic Engineering Association).

M ajor R . F . M aitland , O .B.E .
(Secretary, Institution o f  S tructural Engineers).

G . A. M arrio tt 
(Vice-Chairman, British Valve M anufacturers  
Association).

R. W . M errick 
(D eputy Chairman, Radio C omponent M anu
facturers Federation).

G . P arr
(Editor, “ Electronic Engineering ” ).

O. Pawsey 
(Editor, “ Electrical and Radio Trading ” ).

H . S. Pocock 
(M anaging Editor, “  Wireless W orld”).

C olonel A. H . R ead, O.B.E.
(Inspector o f  Wireless Telegraphy, G.P.O.)

A ir-C om m odore E. H . R ichardson, C.B.E. 
(D irector o f  Radio, A ir M inistry).

C om m ander, J. D . M. R obinson, R .N .
(Director o f  Radio Equipment, Admiralty).

Sir R o b ert R obinson, M .A ., D .Sc., F .R .S . 
(President, The R oyal Society.)

H . R oxbee Cox, P h .D ., D .I.C .
(Vice-President, The Royal Aeronautical Society).

R. L. Sm ith-Rose, D .Sc., Ph.D .
(Radio Division, N ational Physical Laboratory).

C om m ander C. F . W . St. Q uintin , R .N .
(Signal Division, Admiralty).

The D uke o f  Sutherland , K .T ., P .C .
(First President o f  original Radio Association).

A ir V ice-M arshal Sir V ictor Tait, K .B .E ., C.B.,
O.B.E.

(Technical Director, British O verseas Airways 
Corporation).

T. H . U p ton
(President, The Institution o f  Engineers, Australia)

M ajor-G eneral C. H . H . Vulliamy, C.B., D .S.O . 
(Director-General o f  Signals, War Office).

L ord  W inster, P.C ., J.P.
(M inister o f  Civil Aviation).

P aper lim itations prevent publication  o f  the m em bers and  officers o f  the Institu tion  w ho a ttended , b u t 
in  add ition  to  M r. Leslie Me M ichael, three o ther Past-Presidents a ttended  : Sir A rro l M oir, B art., 
D r. C. C. G arra rd  and  Mr. S. A. H urren . Sir Louis Sterling was in A m erica and  was unable to  re tu rn  in 
tim e fo r the dinner.
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FOURIER TRANSFORM ANALYSIS
by

M. M. Levy {M em ber)*

SUMMARY
The paper is a study of the properties of Fourier transforms and examples of applications to various radio problems. 
Exponential and trigonometrical expressions of the Fourier transforms are given and the conditions of validity 

indicated. The exponential form is a short-hand very useful in nearly all applications provided that the meaning of the 
symbols is clearly understood. A new notation to designate Fourier transforms is used throughout the paper.

The applications of Fourier transforms to radio problems are classified into two main categories : direct applica
tion and more advanced applications.

In the first category enter all problems where it is required to know the Fourier transform of a function or, inversely, 
a function whose Fourier transform is already known.

Since the Fourier transform of a function represents its frequency and phase characteristics, it can be applied to the 
study of the frequency spectrum and phase characteristics of electric signals.

Frequency spectra of many typical signals such as square, triangular and other types of pulses, sinusoidal signals 
and modulated carrier, are given. The relation between the shape of the signal and its frequency spectrum is studied, 
and it is shown that a convenient shape avoids a large radiated band-width.

The inverse problem : to calculate a function whose Fourier transform is known, comes naturally in the study of 
transmission of signals through networks.

It is first shown that the response of a network to a sharp impulse applied at the input is a signal whose Fourier 
transform represents the frequency and phase characteristics of the network. It is also a characteristic of the network 
itself and can be used to determine the distortion produced on a signal by transmission through the network.

The impulse responses of typical networks are given. The networks are divided into three classes : networks with 
sharp cut-off, with progressive linear cut-off, and with any frequency and phase characteristics. In the first two classes 
the impulse response of linear phase-shift and 90° out of phase networks is calculated. In the third class it is shown how 
divergence from linearity in the frequency and in the phase characteristics produces echoes of the ideal response.

The transmission of signals through networks is then considered, and it is shown that the distortion produced by 
networks can be calculated either directly by means of Fourier Transforms, or with the help of the impulse response 
of the network.

The category of more advanced applications is too broad to be investigated in detail in this paper : only a sum
marised review of the methods used to tackle some typical applications is given.

Three applications are mentioned :
In the first, a short account of Brillouin’s study on the propagation of signals through dispensive media is given.
In the second, some fundamental properties of the author’s “ Theory of selective transforms ” are explained and 

some applications indicated.
Finally, it is shown how Fourier transforms can be used to study pulse modulation and demodulation in pulse 

broadcasting.

Contents
Summary.
(1) Introduction.
(2) Fourier transform formulce.

(2.1) Exponential form.
(2.2) Trigonometric form.

(2.2.1) Formulas in the general case.
(2.2.2) Simplified form ula for symmetrical func 

tions.
(3) First applications.

(3.1) Frequency spectra o f some typical signals.
(3.1.1) Rectangular pulse.
(3.1.2) Impulse.
(3.1.3) Other types of pulses.
(3.1.4) Recurrent pulses.
(3.1.5) Rectangular sinusoidal signal.

(3.1.6) Pulsed carrier signal.
(3.1.7) Shape o f the pulse envelope o f a pulse 

modulated carrier signal for minimum 
radiated band-width.

(3.2) Transmission o f  signals through networks.
(3.2.1) Impulse-response o f typical networks.

(3.2.1.1) Ideal filters with sharp cut-off.
1. Linear phase-shift networks.

(a) Ideal low-pass filter.
(¿>) Ideal band-pass filter.
(c) Ideal high-pass filter.

2. Networks producing a 90" phase-shift at 
all frequencies.
(а) Ideal low-pass filter.
(б) Ideal band-pass filter.

•R e s e a rc h  L abora to ries o f  T he G eneral E lectric C o.. L td ., W em bley, E ng land . M SS. first received M arch , 1946.
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(c) Ideal high-pass filter.
(3.2.1.2) Ideal filters with progressive linear 

cut-off.
(3.2.1.3) Filters with complicated characteristics.

(3.2.2) Response o f a network to  an applied signal.
(3.2.2.1) Direct method o f calculation.
(3.2.2.2) Calculation with the help o f the 

impulse response o f the network.
(4) More advanced applications.

(4.1) Propagation o f waves through dispersive media.
(4.2) Theory of selective transforms.
(4.3) Study o f pulse modulation and demodulation. 

References.
Figures.

(1) Introduction
The study which follows is part o f a general study 

on Fourier series, Fourier transforms and Laplace 
transforms.

In Part I* a general survey of the properties of 
Fourier series and their application has been given. 
It has been shown that Fourier series can be applied 
to the analysis o f non-periodic curves by a limiting 
process.

In this paper the limiting process is used to obtain 
the Fourier transform  formula: which are such powerful 
tools for the analysis o f non-periodic functions.

A special notation has been adopted throughout the 
paper. The Fourier transform of a function is desig
nated by an F  lying over the symbol representing the

■n
function. Thus, the Fourier transform o f f( t)  is /(w ). 
For simplicity the small bar o f the F  is suppressed. 
This notation is very similar to  the one adopted by 
Millman in his paper on “ Laplacian transform 
analysis.” 21 The Laplace transform is designated by 
a wavy bar over the symbol representing the function.

Thus, the Laplace transform o f/(r)  is /(co). In a study 
on Laplace transforms the author replaced the wavy 
bar by an L lying over the symbol. Thus, the Fourier 
and the Laplace transforms of f(t) are represented

-n —i |—
respectively by f\oo) or /(to ) and /(to). This notation is 
very practical and will make easier the reading o f the 
paper.

Great emphasis has been given to  the exponential 
form o f the formulae. This form is very compact, 
nearly similar for both the direct and the inverse 
formulae and very practical for use in nearly all appli
cations. However, the way to apply it varies slightly 
from one application to another, and a variety o f 
examples has been given in order to make the reader 
familiar with the use o f this form.

Fourier transforms have a very wide field o f appli
cations in radio. A very good reference list o f publica
tions is given by Sullivan in his interesting paper on 
Fourier series and integrals.26 This list is reproduced 
at the end o f this study together with some additions.

• J. Brit. I .R .E ., M arch-M ay  1946, p. 64-7J.

The author was unable to go through all the literature 
and took the material for this paper mainly from his 
own studies.

In the application of the Fourier transform method 
it is usual to calculate the frequency spectrum of the 
step function and the response of networks to  this 
function. In this paper the step function is practically 
ignored and the impulse function is used instead. The 
latter has the advantage o f being simpler for analysis

(+ oc

f(t)dt is convergent and the

— oc
further advantage that it is fundamental for a simple 
physical conception o f Laplace transforms and o f the 
Selective transform theory.

Although the author was strongly tempted to give a 
detailed survey o f some advanced applications of 
Fourier transforms such as the propagation of signals 
through dispersive media, and his own studies on the 
theory o f selective transforms and pulse modulation 
and demodulation, he has not done so because these 
studies are o f a very delicate nature and cannot be 
reported extensively in a general survey.

(2) Fourier Transform Formulx
Fourier transform formulas are very frequently 

called Fourier integrals. However, the word “ trans
form” seems more appropriate with the expansion of 
transform theories. ■ They are derived from Fourier 
series formulas by a limiting process which is to increase 
to infinity the period T0 o f the periodic function con
sidered in Fourier series expansions. Fourier transform 
formulae are applicable to non-periodic curves. They 
can be written in two forms : the exponential and the 
trigonometric. The first is compact and practicable in 
nearly all applications, and the second is practicable 
in cases o f symmetric functions.

(2.1) Exponential Form
77 77

Let /( /)  be any function. F o r    <  / <  -t — ,(Oq COq
where co„ has an arbitrary value, the function can be 
described by a Fourier series expansion :

1 +oc
/ ( ' ) =  2 2 1  Cn ein£0«t ................................ (1)

— OC
where

f + S7.
C n =  f( f)e — inco*t d t ........................(2)

co,
and Cn =  Cnei'HnC0«).............................................. (3)
with the convention :

 (4 )
A detailed account on these formulae is given in Part I
[formulas (10) to (14)]. 229
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In order to describe the original function more and
77 77

more completely, the boundaries — —  and +  7 7 -
COq  COq

are made to  approach infinity. Then w0 approaches dco, 
summation (1) becomes an integral and the modulus 
o f Cn becomes an infinitely small quantity. Put 
w0 =  du>, na>0 =  w and

Ca =  I  f W w  ........................................... (5)

Then (1) and (2) become

Í OC

T(w ) e '^ d c o  ......................... (6)

— cc
/'+  cc

T(W) =  \ / ( / ) * - tot d t ..................................... (7)

J  — cc
where

"f (w) =  / ( w ) e ‘<Kw)............................................ (8)
and

( / ( -  w) = / ( w )  |
U ( - w )  =  .......................................... W

T  'T1f(w ) contains both the frequency spectrum / ( w) and
the phase characteristic

These equations can be applied to  any type o f time 
function provided that

Í+ cc

I M I d t .................................( 10)

— cc
is convergent. They are called Fourier transforms or 
Fourier integrals. For homogeneity with Part III the 
first expression will always be used. Some authors 
prefer to split the 1 /2rr factor into (II\Z 2 tt) r)
and associate one part with each transform.

■n
In  this paper f  will be called the “ transform of / ( / ) ”

t i  - n
and f i t )  the “ inverse transform o f f (w)” ; / ( w )  will be 
called the “ frequency characteristic” or the “ frequency 
spectrum” or the “ selectivity function” 18 o f /( t) .  
# w )  will be called the “ phase characteristic” o f /( /) .

In  writing the Fourier transform formula;, the 
author has adopted a new notation which requires 
some comments and justification. Fourier transformers 
are not the only transform formulae. In  general, any 
system of paired equations correlating one function 
with another and inversely can be called transform 
equations. It happens that Fourier transforms have a 
considerable field o f application and have been the 
first to  be studied and extensively applied. In  recent 
years, however, other systems o f transforms have been 
considered with growing interest. The “ Laplace

transform ,” 4’5’81 for instance, by its orderly and 
rigorous procedure, appears to  be rapidly replacing 
the quasi-empirical methods o f the Heaviside opera
tional calculus.* The “ selective transform ” theory15' 18 
has been developed and applied in many practical 
problems. I t appeared to  the author that a uniform 
notation should be used for transforms. The notation 
adopted here is similar to  that adopted by M illman21 
for Laplace transforms, but has the advantage o f being 
applicable to  any type o f transform. In  Fourier trans
form theory, equation (7) transforms a function of 
time f( t)  into a function o f frequency. This is indicated 
by a capital F or T over the symbol representing the

~n
function. Thus f  is read the Fourier transform  ot

—i
f i t ) .  In  addition, if  f  is a complex expression, as in 
equation (7) it will be represented by a symbol written 
in sick character. In  Laplacian transform  theory, a 
function o f time is transformed to  a  function o f a 
complex variable. This is indicated by a capital L over

r~ _
the symbol representing the function. Thus /  is the 
Laplace transform  of f i t) .  I f  another type o f transform  
operation is used the same type o f notation can be 
used without fear o f confusion. Example : the trans
form o f f i t )  is

-n T"i
Fourier transform f(w ) or £(w)

r -
Laplace transform  f{ z )

X
X type o f transform f i y )

(2.2) Trigonometric Form

(2.2.1) Formulae in the General Case

Equation (6) is easily transform ed into a trigono
metric form by grouping together under the integral
sign the expressions corresponding to  +  w and — w,
giving

f i t )  =  -M  /( w ) c o s [ w /+  ^(w)]rfw ............(11)
J  O

The other equation is evidently

7 o >  =  + 7 c (« )]    ( 12 )
with

i + oc

f i t )  sin cat dt ......................................(13)

— OC

J +  OC

f i t )  cos (at d t ...................................... (14)

—  OC

* Sec also  P art III o f  th is  P aper.
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tan # to )  =
/s(a>)

/c O )
(15)

(2.2.2) Simplified formulae for Symmetrical 
Functions

1. I f  the function is even, that is if f i t )  =  / (  — t)
—i
f*i<0) =  o and <£(w) =  ±  2K.7T, the equations become 

A O  =  — \ /c(w) cos cot dco............................(16)

' +  OC

/o(co) =  \  /( /)  cos (Ot dt • (1 4 )

If  the function is even with respect to  t = t0, that is 
i f  f i t  =  to) = / [ — (/ — to)] after changing the variable 
from t to t  =  t — t0, the function becomes even and

<fteo) =  -  coto ±  2 k n ......................................... (17)
The phase characteristic is linear. And inversely.

2. I f  the function is odd, that is if  / ( i ) =  — / ( —/)*
“ 1 ' 7T
fd a t)  =  0,and<£(co) ±  -y ±  2kn, the equations become

and pulse modulated carrier signals will be calculated. 
As examples o f synthesis the impulse responses of 
typical networks such as ideal filters and filters with 
progressive cut-off will be derived. Further, as an 
example o f combined analysis and synthesis the trans
mission of signals through networks will be studied.

Although the study o f phase characteristics is an 
important application o f Fourier transforms, it will 
not be expanded in this paper ; the two main conclu
sions given in paragraph (2.2.2), i.e. the phase shift 
is linear for an even function o f time (equation 17) and 
equal to 90° at all frequencies for an odd function o f 
time (equation 19), will be utilised.

Applications o f a more advanced type will be 
summarily dealt with in section (4).

(3.1) Frequency Spectra of some Typical 
Signals

It has been shown in Part I that Fourier series 
expansions can be used by means o f a limiting process 
to calculate the frequency spectra o f non-periodic 
functions. Fourier transforms are more appropriate 
for this type o f application provided that integral (10)*

' +  oo

/ f i r n

AO =  -
i

/s(co) sin cot dco ........................ (18)

/»(to) =  \ AO  sin cot dt (13)

If  the function is odd with respect to  / =  ta, it can 
be shown that

•(19)<f>ito) — — w„t ± " 2  i  2kn  .................

and inversely.

(3) First Applications
Fourier transforms are mainly used for analysis and 

synthesis. The first equation gives the transform

f(oo) o f a given function fi t) , that is, the frequency 
components in amplitude and phase. The second gives 
the function A O  corresponding to a given transform
~i
f(co) ; in other words, it gives the resultant o f an 
infinite number o f sinusoidal components o f known 
frequency, amplitude and phase.

Analysis and synthesis are the main applications o f 
Fourier transforms, but the method is capable of 
extension to  problems involving a combination o f 
analysis and synthesis.

As examples o f analysis, the frequency spectra of 
typical signals such as square pulses, sharp impulses

is convergent.
This condition is satisfied for all finite functions 

vanishing at ±  00. Such functions are called “ signals,” 
and are of varied types, ranging from square pulses 
to  modulated carrier waves.

(3.1.1) Rectangular Pulse
Consider the function P,(r) representing a single 

rectangular pulse of height y 0 and width t =  2e. Let
P f t )  =  O for t <  — c or / >  +  t
P i(0  =  Vo for — e <  t  <  + t

I t has been assumed that f i t )  is an even function in 
order to reduce calculations to a minimum. Replacing 
f i t )  by its value in equation (7)

r  +  e

Pi(ev) =  Yo eiMdt — So sin cot
(O f

s0 being equal to  2y0e, the area o f the pulse. The right 
hand side being a real quantity (oo) =  o and

P i(o o )  =  So
sin (Of (20)

Replacing f(co) in (6) by the expression given by (19)

* W hen in tegral (10) is n o t convergent, it is still possible in  some 
cases to  analyse the  function  (*). F o r instance, if  the  function  
/( r )e pt is such  th a t cond ition  (10) is satisfied, one can m ake p very 
sm all in  the  final result (o r even m ake it tend  to  zero) so th a t the 
above function  is equal to  / ( / )  fo r a large range o f  values o f t.
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Pi(0
So
2tt

So

sm we 
we

: ilU t ¿ O )

sm We 
we COS wt dw (21)

(3.1.3) Other Types of Pulses 
Four different types o f pulses are represented in 

Fig. 1 : rectangular, triangular, pulse formed with
4 arcs of parabolae, and pulse formed by half the 
period o f a sinusoidal curve. The frequency spectra of 
these pulses are

sm We

Thus the pulse function is composed o f an infinite 
number o f cosine components in phase at t =  o and

—i
whose amplitude is given by Pi(w). This frequency 
spectrum is shown graphically in Fig. 1.

/sin

Pi( to) =  S0 

P2(co) =  So'4

i /sin coeV
P L(t0) =  .VoS(  — - )

in co€\2
CO € /

SINUSOID.RECTANGLE. TRIANGLE. PARABOLA

A 
/ \

UUo

.c l. VAR IABLE BASES

TRIANGLE. PARABOLA SINUSOID.A
L _ J

k r i
UJo

.(20) 

(22) 

■ (23)

UJo
b  SAM E BASES

1.— Pulse functions and corresponding frequency spectra. In Fig. (a) the triangle is obtained by transforming 
the rectangle by an identical rectangle ; the third pulse by transforming the triangle by the rectangle.

(3.1.2) Impulse
I f  e—> o, the rectangular pulse becomes an “ impulse” 

by definition. From (20) we see that the frequency 
spectrum o f an impulse is

I(co) =  So
The impulse function I(r) is the resultant o f an infinite 
number o f cosine components o f equal amplitude i0 
and all in phase at time t =  o.

An interesting case occurs when s0 =  1. Then the 
amplitude o f the impulse is infinite but its area is 
equal to unity. All the frequency components have 
amplitudes also equal to unity. This fact makes the 
use o f this special impulse very practical as a standard 
for tests. Such an impulse function is termed “ Unit 
impulse function.”

P«(o>) [sin
T
sin (cue +  tt/2) sin (cue — ir/2)'

(coe+ir/2) (w e - i r / l )

with the notations of Fig. 1. It will be observed that

(24)

P 3(o>) =  P fw )  ; P fw )
—12

: Pl(0»)
These relations are not due to chance but are a direct 
result of a property o f selective transform s.17’18. An 
explanation is given section (4.2).

Other types o f pulses have been considered by various 
authors, mainly the exponential type and the error 
shaped pulse, so called because it represents the Gauss 
error function.6’21 The first type is produced by a 
valve when a sine wave o f sufficient amplitude is 
applied to the grid conveniently biased. The second
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one is similar to the first, with good approximation, and 
has the advantage o f being easier to manipulate in 
calculations.2*

(3.1.4) Recurrent Pulses
There is a very interesting relation between the 

frequency spectra o f a single pulse and identical pulses 
recurrent at equal intervals o f time provided that the 
duration o f the pulse is smaller than the period of 
recurrency.

and hence

(On ~^
Cn =  —0 P//jco0) .............................................(26)7T

Thus the frequency spectrum of one pulse is the 
envelope of the amplitude o f the frequency components 
o f the same pulse in a recurrent chain, provided that 
the duration o f the pulse is smaller than the period of 
recurrency.

T U I  n = 8  T U  3  T l - 4  T U 5  T l « f c

W  AAA VWVA/WA AilM~ -WW1A

y

Fig. 2.— Sinusoidal pulse signals and corresponding frequency spectra. The pulse envelope is the same for all signals 
the frequency o f  the carrier increases from  the first (n =  1) to the last signal (n =  6).

To establish this relation, write the frequency 
spectrum for both the recurrent pulses and the single 
pulse. For the first one obtains

+  oo

Pr(t) =  i  Cn e * " " .« .............................................. (1)
—  OO

(2)

the period being T0 =  2rrlco0.
For the second case, take the single pulse Ps(t) for

which — — <  t <  4  . Thenco„ (O0
. TT

—i j
Ps( C0)= \p r(/) dt

since Ps(/) is assumed to be zero outside the boundaries 
— tt/co0 and +  tt/ co0.

—i
Comparing the equations for Cn and Ps(eo), leads to 

the relation

Cn — P s (^ w o) .(23)

(3.1.5) Rectangular Sinusoidal Signal
Take a sinusoidal signal o f frequency co0 starting at 

— 77-/Q and finishing at +  n/Si, 12 being such that the 
signal contains at least one complete oscillation 
(12 <  co0). The equation o f this signal is 

S(t) =  0 for t <  — 7r/!2 or t >  n /12 
S(t) =  cos (o„t for — 7t/12 <  t <  +  77/ 12 

The frequency spectrum is given by

i+ir/O

cos wat e~ iut dt

e —i(u +u„)

n
co-

S ( « ) =  S(w) =~q
Q

<0— a>o • +
Q

(O+(O0
(27)

L  12 S2
In this equation, the first term between brackets has 

a predominant maximum for co =  a>., whilst the second 
has no predominant maximum since (co +  a>„) can 
never be zero. When co0 >  >  12, that is, when there 
are a great number o f oscillations in the pulse, the 
second term is always very small and can be neglected. 
Fig. 2 and 3 show this very clearly.
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If  we neglect the second term between the brackets, 
equation (27) becomes similar in form  to  equation (20). 
This means that the envelope o f the frequency spectrum 
o f the sinusoidal signal is similar in shape to  the 
frequency spectrum o f the envelope o f the signal. 
This result has been obtained by assuming a rect
angular signal envelope. It will now be shown that it 
is applicable to  any shape o f pulse.

(3.1.6) Pulsed Carrier Signal

Let a carrier cos (co0r +  y) be modulated by a pulse 
function P(t). The frequency spectrum o f the modu
lated carrier C«) =  P(t) cos (co0r +  y) is

i+OC

P(t) cos (co0f + y ) e~ iat dt

-CO
/. +  OC /* +  oc

=  i  e'y \P ( t)e-K“ -" . ) 'i f r + ie - b \P ( t ) e _i(a‘+ “’»ltif/

Thus

C(«) = 

Since

P(co) =

<?bP(co -  (o0) +  e “ bP(to+<Uo) (28)

’+00

(3.1.7) Shape of the Pulse Envelope of a Pulse 
Modulated Carrier for Minimum Radiated 

Band Width
The curves o f Fig. 2, especially for n > > 1 ,  show 

that the frequency spectrum extends considerably on 
both sides o f the carrier frequency. The mean ampli
tude decreases as l(co — co0), that is very slowly. 
Frequencies very distant from the predominant band 
are still radiated with a sufficient amplitude to  be 
detected by a sensitive receiver. This is a great disad
vantage in pulse radio transmissions and it shows that 
radiation o f square pulses is is to  be avoided if possible.

W hat has been said in the preceding section indicates 
that the radiated band-width will be small if  the 
frequency spectrum o f the pulse envelope has a tail 
going rapidly to  zero. G reat improvement can be 
obtained by choosing a triangular envelope ((section 
3.1.3) and Fig. 1) and still better results are secured 
with a pulse formed by parabolic arcs (3.1.3), or with 
an exponential or an “ error” shaped pulse. Some 
improved signals and their corresponding frequency 
spectra are represented in Fig. 4. However, all chese 
types have progressively rising and falling slopes and 
this is a great disadvantage in most o f the applications 
where carrier pulses are radiated (radar, pulse commu
nication systems, etc.)

P(t) c - i " t  dt ■0)

Equation (28) shows that the frequency spectrum is 
the resultant o f two curves. If  the shape o f the pulse 
envelope P(t) is simple, without waves, such as those

—i
o f Fig. 1, for instance, it can be shown15 that P(co) 
has a predominant maximum for to =  0 (for details

—i
see section (4.2)). In  this case P(co — co0) has a pre-

—i
dominant maximum for to =  co0 whilst P(co +  co0) 
has no predominant maximum since to +  to0 >  to0 and 
has even a negligible value if  eo„ >  >  0. I f  P(t) is a

wavy function, P(to) has a predominant maximum for 
to =  0 and for the frequency of the waves15. The rela
tive amplitudes o f these two maxim is a function o f 
the area o f the pulse and the amplitude and number o f 
oscillations o f the waves. However, if the frequency of 
these waves is small compared to the frequency o f the

—i
carrier, P( to +  to0) has still a small value compared to

the maximum value o f P (to — to0). Thus for nearly all 
types o f practical pulse-modulated carrier signals the 
frequency spectrum of the signal is similar in shape 
to the frequency o f the envelope o f the signal. 
More exactly

C(to) =  i  e b K a )  -  ®o)

Fig. 3.— Sinusoidal pulse signals and corresponding 
frequency spectra. The carrier frequency is the same for  
all frequency but the envelope increases in width from  

n =  1 to n =  6.

Another way o f approach is to  determine theoretic
ally the shape o f the envelope which gives the minimum 
radiated band-width, or, more precisely, the shape 
which gives radiated frequencies having the same 
amplitude up to  a cut-off frequency coc. The shape of 
the envelope E(r) is then such that

—i
E (« )  =  o for /co/ >  eo„
E(co) =  for /a)/ <  coc

The envelope is thus given by 
coc 

1 i
E(i) =  -  E( co) e '" 1 dm

.(29)

A/- -J \ J \ r  A /W ~
n - i  n - 2  n - 3

A A A A r A A A A /V
n = 4  rx  = 5

A A A /W V
TT =■ fc

F R EQ U EN C Y
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/ ' +  “ c

E(i) =  ~ ~  \ ei(cot + <Hco)) d(o ................(30)

Each type o f phase function will give a different 
envelope. Since is arbitrary, there are an infinite 
number o f solutions.

A simple case is when <£( co) is proportional to 
frequency. If  =  — coi0

co0 sin wc(r — t0) 
e « - —   <’ »

The band-width has been condensed but the envelope 
has expanded considerably on both sides of the pre
dominant maximum. It is obvious that such an 
envelope's not very practical.

y M h l W A -
(n -0  uj0 / \(n + i)u Jo

\ y  tv ujoV /  ■—

.a .

x.e— a A /\/\/w -
\  (o

•016 '045 J
V4
\ 2 -045 '016

( -n - l)W O  CTVH) W o

.b .

Fig. 4 .— Sinusoidal signals and corresponding frequency 
spectra.

(a)— The frequency spectrum is o f  the type •

(b)— The frequency spectrum is o f  the type ——J .

Another type o f solution can be obtained by a 
physical analogy. Apply a “ unit impulse” voltage (see 
paragraph 3.1.2) to  a filter (Fig. 5). This is equivalent to 
applying sinusoidal components o f all frequencies, of 
unit amplitude and having the same phase at time 
zero. Let N(co) be the characteristic function of the 
network, that is N(co) the amplitude and 8{a>) the 
phase characteristics o f the network. Then the output 
signal I(r)—called “ impulse response”—of the filter is 
given by

/•+ coc

I(/) =3 —  1 N(co) eicot d(o 
2.7T 1

J  - c o c

Thus I(r) represents the shape of a signal whose 
characteristic function is N(<a). The study o f the shape 
of the impulse response o f various practical low-pass 
filters leads to  alternative solutions.

(3.2) Transmission of Signals through 
Networks

When a signal is applied at the input o f an electrical 
network, every frequency component is altered in 
amplitude and phase during transmission through the 
network. At the output a signal will appear whose 
frequency spectrum and phase characteristic are known 
and the problem is to determine the shape of this 
signal. In  other words, it is desired to find a signal S(t)

—i
whose transform Sco is known. This is just the reverse 
o f the problem studied in section (3.1).

As has already been mentioned in section (3.1.7), 
a particular case of interest is the “ unit impulse” 
signal. This is equivalent to applying to the network 
sinusoidal components o f all frequencies, of unit 
amplitude and in phase at the moment when the impulse 
appears. The output signal will be one whose frequency 
and phase characteristics are represented by the charac
teristic function of the network. This signal is thus a 
characteristic of the network. Let I(r) be this signal.

- 1
If  I(/) is known, the transform I(co) is the characteristic

—i
function of the network. Conversely if I(o>) is known, 
1(f) is also known.

In this section the impulse response o f some typical 
networks, and o f networks in general, will first be 
studied and then the transmission o f signals of any 
shape will be considered.

(3.2.1) Impulse Response of Typical Networks
The impulse response of some typical networks has 

already been given by the author in a prior publica
tion19. However, calculations were in this case based 
on the trigonometric form of Fourier transform. 
Furthermore, on y filters with sharp cut-off were 
considered. In this section all calculations are made 
with the exponential form and other classes of filters 
are also considered.

 A ~ i l E

Fig. 5.— The response o f a network to a unit impulse 
applied at its input is called the “ impulse response o f  
the network.” It contains information on the frequency 

and phase characteristics.
The impulse response has two properties which may 

give at a glance useful information on the charac
teristic function o f the network. If the impulse response 
is a symmetrical curve, then

(a) if it is even, the phase characteristic is
_ 0(a>) =  -w „ r  ±  2kir ................................(32)

(b) if it is odd, the phase characteristic is

fl(us) =  -  io0t ±  * ±  2 k n .................... (33)

These are direct consequencies of the properties of
Fourier transforms given in section (2.2.2), equations
(17) and (19).
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Let N (w) be the characteristic function o f the 
network

N(a>) =  N(co)
IlpW =

<»o sin coc(r — r„) .(38)

Then the impulse response 1(0 is

Î
+ 9=

K(co) dut • (34)

It is obvious that

N(co) =  I (o )  =  I(o ) eW«)........................ (35)

The transform o f the impulse response is the charac
teristic function o f the network.

It is more convenient for most applications to  
write (34)

(+ oo

N (o ) eiI»»t+«(**)) do t.........................(36)

— oo

The right-hand side o f this equation will be integrated 
for some typical networks. They are divided into three 
classes

(а) Ideal networks with sharp cut-off.
(б) Ideal networks with progressive linear cut-off.
(c) Networks with any shape of frequency and phase

characteristic.
Classes (a) and (6) will each be considered with two 

types o f phase characteristic : phase shift proportional 
to  frequency (equation 32) and phase shift equal to 90° 
at all frequencies (equation 33).

(3.2.1.1) Ideal Networks with Sharp Cut-off
1. F or this kind of network equation (36) becomes

!
+  OO

N(ci>) t j  dot............................ (37)

+  OO

since 0(co) is given by (32).
In  this formula, substitution o f N(to) by the expres

sions corresponding to the kind o f filter under con
sideration yields the impulse response.

(a) Ideal low-pass filter .—In this type all frequencies 
below the cut-off frequency / e, are transmitted without 
amplitude distortion (Fig. 6a). Hence

N l(w) =  1 for — toc <  w <  +  toc
N l(- )  =  0 for at > u)c or co <  — coc 

Substitution o f this expression in (37) gives
- +  " c

l u >(0 =  \  ei“ ( t_ t,)  dw

« c ( t  — to )

This curve is shown graphically in (a) Fig. 6.
(b) Ideal band-pass filter.—-The, frequency charac

teristic NB(co) is the difference of the frequency charac
teristics o f two ideal low-pass filters whose cut-off 
frequencies f c x and / c 2 are each a boundary o f the 
band-pass (6) Fig. 7. Hence the impulse response of 
this filter is the difference between the impulse responses 
o f low-pass filters having cut-off frequencies f ct and 
f a  respectively

43) low - PASS FILTER
,N (UJ) i f  (LU)

Fig. 6.— Impulse response o f  ideal phase linear shift 
filters.

coca sin wc, ( t - t 0) 
ib(/) — „

cuci sin eocl(r — t«)
tUc2(t to) "n Ooj(/ f|)

This formula may also be written

.(39)

,  A "  sin i  [A w ( t  — t0)]
Ib (,)  ~  w i  [A <0 ( t  -  to)] COS " o '  • • ■ -(40)
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This function is shown graphically in (b) Fig. 6.
Equations (39) and (40) can be obtained by direct 

calculation from equation (37). Care should then be 
taken to  integrate in the two domains — coet <  a» <  
— toci and Wei <  at <  a>ci.

(c) Ideal high-pass filter .—For this type o f filter
N„(co) =  0 for — w0 <  w <  +  Mo
N hC60) =  1 for to <  — to0 or to > +  toc 

substitution in equation (37) gives
r-f-oo

ÏH( t ) =  ¿T

'+  “ c

e iu (t—10> d m

IH(0  t0) Il(  ̂ fo )................................ (41)
where I(r — t0) represents a unit imoulse voltage 
appearing at time t =  t0. The curve representing I„(f) 
is shown in (c) Fig. 6.

I •
(<£) LOW P A S S  FILTER

N(Uu) .0(UJ)

¡3

U)C2 -UJC,

(C) H tG H -FA SS FILTER 

N (UJ>

?
v n - w c  lmc uj  —

- 3

F/g. 7.—Impulse response o f  “ 90° oitr o f  phase ” ideal 
fitter.

. Networks producing a 90° Phase-shift a t all 
Frequencies

F or this type of network 6(o) is given by equation (33)

6(a)) — — co„t ±  ~2 ~ ±  2Ærr .(33)

where if  sign -f- is taken for to> 0 , sign — must be 
taken for to< 0  and inversely, since 0(to) is an odd 
function (see section (2.1) and equation (9)).

Replacing 6(a)) by its correct value in (36) leads to

! '( /)  =  \  N ito)^“ ^ -  <») dot

do) .(42)

In this formula substitution o f N(co) by the expressions 
corresponding to the kind o f filter under consideration 
yields its impulse response.

(a) Ideal low-pass filter.
Integration o f equation (42) gives

_  <oc -  1 +  cos a)c (t -  t0)
1 “   wc ( / - / „ ) ■   (43)

This curve is shown in (a) Fig. 7.
(b) Ideal band-pass filter.

By integration we obtain an equation

i '  (?) =  zf r Wci cos ® '!  (* ~ to)
L  77

0>C1

Wei ( t  t 0) 

COS Woi ( t — to) "I
.(44)

w w Cl ( /  — r0) -*.....................
which represents the difference between two low-pass 
or two high-pass filters (see equation (43) and equation 
(45) below).

Formula (44) can also be written 
, . .  _  wca — coqi sin j(a)C2 — tocl)r

_  ^  XT i(C O C2 —  W c i) f

sin K "ca +  WC1)/ ........................(45)
The shape of this curve is represented in (6) Fig. 7.

(c) Ideal high-pass filter.
If the impulse response o f an ideal high-pass filter is 

added to that o f an ideal low-pass filter having the same 
cut-off frequency, the impulse response obtained is not 
the unit impulse itself but the curve obtained in shifting 
the phase of each component by the value o f 9(a)) 
given by equation (33). Let I'(/) be this response. 
Then

I  h( 0  =  I ' «  -  I ' l« ............................................................. (46)
Now I'(f) is the limit o f r L(f) wh:n the cut-off fre
quency / c tends to infinity19. Equation (43) shows this
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limit to  be

I V )  =  =F

Hence

I h(0  =  T

or
1

■n ( t— t0)

(De cos a>c (t — to) (47)
« 0  U  —  to )

The shape o f this curve is shown in (c) Fig. 7.

(3.2.1.2) Ideal Filters with Progressive Linear 
Cut-off

Filters with sharp cut-off produce impulse responses 
with long tails vanishing slowly. The use o f progres
sive cut-off helps to  secure shorter tails. A linear pro
gressive cut-off is o f interest because it lends itself to 
easy calculations and because it is im portant in the 
design o f television transmission systems.

Assume for simplicity that the delay introduced by 
the filter is zero at all frequencies. A constant delay 
will simply shift the response parallel to  the time axis.

The case o f a low-pass filter will be studied as an 
example. Fig. 9 shows that this type o f filter can be 
considered as the addition of a band-pass filter with 
linear attenuation starting at ro, and finishing at co2 to 
an ideal low-pass filter with sharp cut-off at <o1. The

ft) 2 — ft)
equation o f this slope i s  -. Let I f t )  be theCO 2 — CO I
impulse response of the first filter and I 2(f) the response 
o f the second. Then

I iW
sin tu ̂

CO,t

To obtain I 2(f) it is simpler to  use the trigonom etric 
form o f Fourier transform in order to integrate only 
between aij and co2 and avoid the integration from 
— <o2 to  — <«!. Thus

! Ci>2
o), — ft)

---------------cos cot dcoco2 — 0) i
ft) i

co2 T I “ »
 r  sin cot

— ft)i) L -1W|

xr(ft)2

1
77-(ft)2 — COj)

~co,

cos cot dco

COi

v(co.t — ft>l)/ [ ( “)* -  sin  Wlt

+  — (cos ft)2f — COS ft)

Hence
2 . f t)* +  «>! . ft)2 — » 1 .

w  =  n(co2 -  ft)!)/9' s , n  2------'  sm----- 2 ~ ~ t

1(0
ft>2 4- ft)i

2-n

CO g ft) i ft) 2 4- 0)1
s in  i  1 s in  ~----- 1

COi — ft>i ft) 2 +  COl^ ..(48)

2 *  2 

In  effect the impulse response is the product o f the

impulse response o f a filter with sharp cut-off at —— —̂

ft) 2 ~  to1
and another a t  ^— • The two components and the

resultant are shown in Fig. 8.

Fig. 8.— Showing how the impulse response o f  an ideal 
low-pass filter with sharp cut-off (curve Y 2) is modified 
when the cut-off becomes progressive and linear 

(resultant R  =  Y x Y 2).

Fig. 9 shows the impulse response fo r low-pass, 
band-pass and high-pass filters o f this type. These 
curves should be compared with those o f Fig. 6 which 
correspond to similar filters with sharp cut-off. Only a 
few secondary waves are visible in Fig. 9 ; all others 
have practically disappeared.

(3.2.1.3) Filters with Complicated Characteristics
When the shape o f the frequency and phase charac

teristics are more complicated, the calculation o f the 
impulse response requires that these functions be first 
expressed in an analytical form.

A powerful method which is particularly interesting 
from the theoretical point o f view is to  express the 
frequency and phase characteristics by means of 
Fourier series expansion. This m ethod was used by 
the author in 1932 to study the frequency spectra of 
signals15 and the results are summarised in sections 
(3.1.6) and (4.2). The present application is due to 
Wheeler28’2“.
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Consider as an example a low-pass filter having 
more or less complicated characteristics ((a) and (b) 
Fig. 10). Express N(eo) as a Fourier series. Since the 
curve is even

+ toc
1(0 =  ~  \ -^S-e>(0to) dm 

2tt i 2

N (o ) =  - f  + Bn cos n it
n = l tUc (49)

with — coc <  to <  +  io0, the fundamental period being 
2 7T 

2toc'
43)  LO W -FA SS FILTER

or

i+ toc

Bn cos n n  —  eia>t do)

too
-O n

•+ too

1(0 =  —  \ Co e'O(m) eimt dm
477- 1

-+ too
+

n = l
—  I BnV«(«» «?icü( t+n Ü  dm 
47T I

- mc
r+ m c.

( y  B A h O P A S S  FILTER

(ou3m ^ ( iL ,+ u )e)_

J L _____
,-UJ4  - a i£

IL
¡faio

o oj

j <\J\

(C )  H I G H - P A S S  F IL T E R

+  j ~  \ B» e,S(oj) ei(0( t~ n^ )  d m . . . .  (51)
n=1 J - w c

Let I 0(0  be the impulse response o f a low-pass filter 
having a sharp cut-off at mc, for which N(to) =  1 
when /to /<  we, and whose phase characteristic is 
0 (w ).

.+ toc

I„(0 =  — \ eiB«D) e'tot dm ................................ (52)
2  7T I

Substituting (52) into (51) and rearranging leads to 
the response

1(0

+ Ł( ' ~ " Ś ) ] (53)

Fig. 9 .— Ideal filters with progressive linear cut-off.

The impulse response is thus
/ • +  OO

I(/) =  —  I N(to) ei6t0J) e'vx dm 
2tt I

9(m) being the phase characteristic o f the network- 
Replacing N(w) by its value (49) gives

(50)

Thus, the impulse response is that which would be 
obtained from a low-pass filter with a constant ampli
tude and sharp cut-off, accompanied by a series of 
leading and lagging miniature replicas (echoes) o f this 
impulse.

Consider now the phase distortion which can be 
found by the same method. The phase function is an 
odd function o f m ; it may be considered as a straight 
line plus an odd function o f m which represents the 
deviation o f 6(m) from the straight line. This deviation 
may be expressed as a Fourier series with respect to  m, 
containing sine terms only ; the period need not be 
the same as that used for the amplitude function. Let
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2 tt

it be 2^- [(6) Fig. (10)]. Then

— 9 ( cd )  = cot« +  An sin n i t
co0

•(54)

and

e i0(O>) =  e - i O J t 0 17 e  —iAn sinn7r — .(55)

Each term o f the product can be expanded by the 
fundamental Bessel relation

+ 0 0

e ± iA s in x  _  e ± i m x J m( A )   (56)

a single sine term is sufficient to  represent the deviation 
o f 9((o) from a straight line. Assume that it is A! sin 

co„  —  ; then from (55) and (57) one obtains
(Oq

gi«(co) =  J0(A t) e - '^ o
+  J i(A l) | V i“ ( t‘' + £ )  -  e

+  J 2(A 1) [ e - i“ ( t»+2f„) +  e+*“ U - 2^ ) ]

+  .................................................................................
Substitute in equation (52)

I0(0  =  Jo(AJ 1 ,(0

Fig. 10.— Frequency and phase characteristics o f  a low-pass filter.

+  « A O  [ l . ( ' ' - 2 i ) + I , ( < - 2 £ ) ]
where J  — m(A) =  ( -  l)n Jm(A), Jm(A) being the 
Bessel function o f the first kind o f order m.
Thus
e-iAnSinnir^ =  j 0(An) +  J^A n) [ e - in" lj. -  eta^ , ]

+  J s(An) [ e - i2n^ ,  +  ei2n̂ , ]

+ (58)

where t’ =  t — ta and

+ •(57)

Substituting this expression in (55) leads to an 
expression for in which every factor is o f the

CO
type a e±m7rZT0. Substituting now in (52), the result 
is a series of terms of the type

g ic«)(t± t')  ¿Q )

l i ( 0  =  ¿ \  e - ^ 'd c o  
J  - u c

1
• 2 tt

which is the impulse response o f an ideal low-pass 
filter changed in amplitude and shifted in time. Often

(59)
I i iO  is obviously the impulse response o f an ideal 

low-pass filter having the same cut-off frequency and 
the same average phase characteristic as the filter under 
consideration.

Thus I„(/), the response o f the filter with an ideal 
amplitude characteristic and with a wavy phase curve, 
is the resultant o f J 0(A,) times the impulse response of 
the same filter, but with a linear phase curve, and a 
series o f echoes coming before and after this main
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response, just as in the case o f distortions o f the 
frequency characteristic.

The final expression for the response is found by 
substitution o f equation (58) in equation (53)

1(0 =  y  Jo(Aj) 1 ,(0

+ yJi(A ,) [l,(i' -e„) -  1,(0 +  e„)]

+

B, r  , 1+ 2 Jo(A,) + £c) + I i(t' -  £c)J
B, Ir+ y  Ji(A,)| — to : cc)

+ Il(t, — c0_-£c) - Iii^+to + fc)-- Ii (t'+  to '-to)]
+ .(60)

Thus the impulse response o f the filter is a function 
o f the impulse response o f an ideal low-pass filter 
having the average frequency and phase character
istics o f the filter under consideration and o f the 
departure o f the characteristics from the ideal ones. 
These departures produce leading and lagging echoes.

Although these conclusions look very attractive, it 
must be observed that the response o f an ideal filter has 
very long front and back tails so that at the moment 
when an echo appears, the preceding signals have not 
disappeared completely and their sum may be such that 
it cancels the echoes or even changes their signs. As an 
example, we have shown that a linear progressive 
cut-off reduces considerably the front and back tails 
o f the ideal impulse response. In  this case the echoes 
cancel nearly exactly the distant waves o f the ideal 
impulse response and eliminate any sign o f signal.

(3.2.2) Response of a Network to an Applied Signal
(3.2.2.1) Direct Method of Calculation

If  a signal e,(r) is applied at the input o f the network 
the shape o f the signal e2(f) appearing at the output 
may be found as follows :

1. Determine the Fourier transform
- 1 —i
e,(«>) = .e , (co) 

o f the signal.
2. Multiply this transform by the characteristic 

function N(w) o f the network.
3. Obtain the output signal by the inverse Fourier 

transform formula
^+ o c

e2(t) =  e,(w ) N(co) ciut dco

An impulse signal e,(/) is a particular case and a
- i

simple one since then e,(ft>) =  1. All the foregoing 
conclusions concerning impulse response can be 
repeated by replacing the impulse response by the 
response to  the signal e,(r). For instance, if the study 
o f filters with complicated characteristics is repeated 
with a signal e,(t), the conclusions will be identified 
with those obtained with a unit impulse applied to the 
filter.

(3.2.2.2) Calculation with the Help of the Impulse 
Response of the Network

There is a close relationship between the response 
to a signal and the impulse response o f a network. 
Since the impulse response defines completely the 
characteristics o f the network it must be possible to 
express the response e2{t) to a signal e,(r) applied in 
function o f the impulse response.

By definition of the impulse response an impulse 
e,(0) of infinitely short duration dt impressed on the 
network, at time t = 0  leads to  an output voltage at 
time t

<?,(0) I(/ -  t0) dt
Similarly an impulse e,(/0) o f duration dt impressed at 
time t =  to leads to an output voltage at time t

eiUo) I(t to) dt 
Addition o f all the output voltages at time t, which 
result from the signal e,(r) impressed on the network, 
gives the total response e2(t)

(+ oo
e,(t0) I(t t0) dta

— oo

To avoid confusion put tn = t

r - +  OOe2(t) = 1 e,(r) I(r — T) dT .(62)

.(61

This equation gives the response o f the network for any 
input voltage as a function of its impulse response.

The physical interpretation o f this equation leads 
directly to the fundamental property of selective trans
forms. Further details are given in section (4.2).

(4) More Advanced Applications
Advanced specialised applications require a great 

deal of care and are beyond the scope o f this paper 
However, it is o f interest to  discuss briefly the results 
of studies on the propagation o f waves through dis
persive media, the theory o f selective transforms and 
pulse modulation and demodulation.

(4.1) Propagation of Waves through Dispersive 
Media

In a medium where all frequencies have the same 
velocity o f propagation, all types o f signals will travel
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with the same velocity and without distortion. In  a 
dispersive medium this is not the case and all propaga
tion suffers distortion o f the signal. Brillouin*11 has 
carefully studied these distortions. He assumed that a 
sinusoidal signal (Fig. 11) travelled through the medium 
and he studied the distortion produced at a given 
distance from the sending point. To do this he repre
sented the signal by a Fourier integral, i.e. by an 
infinite number o f sinusoidal oscillations ; for each 
component the velocity o f propagation is known so 
that the phase o f each component a t the receiving point 
is known. The received signal is thus the integral o f 
all received components, that is a Fourier transform 
which Brillouin succeeded in evaluating despite great 
mathematical difficulties. To avoid these difficulties 
Brillouin noted that the components whose frequencies 
were around the frequency o f the oscillations o f the 
signal had a predominant amplitude, and he studied 
first the propagation o f these components. He found 
that this resulted in a signal o f the same type as the 
original one but starting and ending progressively 
(central body o f the received signal illustrated by 
Fig. 11). He then considered all other frequency com
ponents and observed that the integration o f these 
components gave a negligible result if  the phase n 
varied rapidly with the frequency to ; only those com-

6tt
ponents whose frequencies were such that ^  was zero,

or nearly zero, gave an appreciable amplitude on 
summation. Brillouin showed that these appreciable 
signals appeared as echoes before and after the main 
body o f the signal. The calculation was conducted 
with great skill and provided a very good example of 
the application o f Fourier transforms to the study of 
physical phenomena.

(a) Transmitted signal

(4.2) Theory of Selective Transforms15* ls* 1?* ls-
(4.2.1) The main importance o f this theory is that 

it gives to  any integral o f the product o f two functions 
a visual and clear meaning ; such an integral represents 
a selective transform , that is, in the integration some 
frequencies are increased in amplitude and others 
decreased, and the phase is also affected, just as in the 
case o f transmission through a network.

To see clearly the meaning o f “ selective transform ,” 
consider a sine wave, cos to t and the integral

T ( r 0)  =  \  Y ( t - t 0) cos cot dt. (63)

** t# — a

where Y(/ — t0) is a function, defined in the interval 
/„ — a  <  t <  t0 +  a, which we will call “ transforming 
curve” Y. Put t1 = t -  t0 and t0 =  t  ; then

T (t)  =  \  Y f/1) cos co(t' -F t) d t’

Since Y(P ) is zero for t1 <  — a  or t1 >  — a

T ( t )  =  R  1 Y (/') e W  + T> dt'

or
• T  OC

T ( (T )  =  R e t a i l  Y (0 dt'
J  — o c

The integral on the right hand side is a Fourier trans
form ; put

/ • +  o e

Y(co) =  I Y(F) e'«*' dt'

echoes body of the signal

(b) Received signal

Fig. 11.— Propagation o f  a signal through dispersive 
media.

* A  sim ilar investigation  was conduc ted  a t the  sam e tim e by 
Som m erfield. b u t in  a  slightly  different way. Som m erfield studied  
the  p ro p ag a tio n  o f  a  s ignal w hich s ta rts  a t t 4- 0 and  con tinues 
indefinitely  as a h arm on ic  oscilla tion . H e solved th e  p rob lem  by 
m eans o f  L ap lace transfo rm s.
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Y(to) is the characteristic function o f Y (0 -  Call it the 
“selectivity function” o f Y (0 - Thus

T(r) =  R  eicot Y(a>)

Put Y(co) =  Y(co) e><f>(co)
—i

Then T(r) =  R  eicOT Y(to)

T(t) =  Y(co) cos [cor +  #co)]

This equation means that the preceding operation 
transforms a sine wave into another o f the same fre
quency but with different amplitude and phase. This is 
exactly what an electrical network does so the above 
operation is equivalent to sending the sine wave through

a network whose characteristic function is Y(co).
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ii*

¡rati®

When a general function of time is used instead of a 
sine wave in equation (63), each frequency component 
o f this function is changed in amplitude and phase by 
the selectivity function, since equation (63) is linear.

To find the selectivity function a very powerful 
method is to  expand Y(r') in a Fourier series in the 
interval ( — cc, +oc) and to add the selectivity functions 
o f each component15. Since the selectivity function o f a 
sinusoidal signal has a predominant maximum for its 
own frequency (Fig. 3), it is clear that components of 
predominant amplitude in Yfr1) correspond to a pre
dominant maximum for the corresponding frequency 
in the selectivity function.

(4.2.2) The fact that every integral o f the type
.+ oo

h(t„) =  I A t  -  t„)g(t) d t . (64)

can be considered as a selective transformation, and 
represents an operation identical to  sending a signal 
g(t) through a selective electrical network, gives to this 
type o f integral a physical meaning from which many 
properties can be brought out, very often at a glance 
by those familiar with the theory.

Other applications can be deduced from the geo
metrical meaning o f equation (64). F or each value o f t0 
(64) means that we take the product o f the curves 
f{ t  — t0) and g(t) and integrate from — oc to +  oc. 
When t0 varies the curve A t  — to) slides parallel to  the 
abscissae axis. Such an operation represents for 
instance the scanning o f a television picture by a spot 
of light ( /( /)  representing the law o f distribution o f light 
o f the spot along the moving axis), or the scanning o f a 
sound track on a film by a light spot and its integration 
by a photo-cell. It is clear that these operations are 
selective. A uniform spot, represented by an ideal 
square law /( /) ,  will give a selectivity curve o f the type 
sin oc co
— — with a predominant maximum for to =  0.

Such a curve (Fig. 1) is an imitation o f a bad low-pass 
filter because the attenuation with frequency decreases 
very slow ly; in sound film reproduction it would be 
responsible for a considerable amount of noise. Better 
laws are the triangular or parabolic laws (Fig. 1). 
The author calculated, with the help o f Fourier trans
forms, the slop of the curve/(r) which gives a low-pass 
filter with sharp cut-off. It is a curve with a predomi
nant maximum and a series o f leading and lagging 
progressively attenuated echoes. Such a law can be 
simulated very approximately by the diffraction 
replicas obtained when producing a small image o f a 
filament. Thus, by using conveniently the diffraction 
phenomena—which are usually unwanted—one can 
obtain a good sound reproduction characteristic with 
sharp cut-off and zero reproduction of the frequencies 
above the cut-off. Since nearly all the noise comes from 
these frequencies the signal/noise ratio is considerably 
improved.

(4.2.3). Equation (64) has other interesting applica
tions in network theory.17' 19. For instance, equation 
(62)

.+  oo

e,(t) =  \ ex(r) I(/ — t)  dr (62)

giving the response e2(r) o f a network to an applied 
signal is o f the type (64). Thus, the response
e2(t) is the function obtained by transforming the 
applied signal e^ r)  by means o f the impulse response 
1(0- Electrical networks cause selective transforma
tions just as if  the transformations were effected by 
their impulse responses.

In the light o f this theory the relations between the 
shape of the signals and their frequency characteristics 
can be interpreted straight away. Consider again 
equation (64)

C + o o

h(t0) =  \ A t  ~  t0) g(t) dt (64)

It is obvious that

h(ft>) =  f(co) g(co)........................................ (65)
Since the Fourier transform o f a function is also its 

selectivity function, equation (65) shows that if  we 
transform  a curve /  by a curve g, or inversely, the 
selectivity curve o f the resultant is the product o f the 
selectivity curves corresponding to  /  and g.

Examples.
(1) I f  a rectangle is transformed by an identical 

rectangle, the result is a triangle (Fig. 12). Thus, the 
selectivity function o f a triangle is proportional to the 
square o f the selectivity function o f the rectangle 
(Fig. 1)

’ sin co e(sin co € \  a
OJ£ )

(2) I f  a triangle is tranformed by a rectangle, or 
inversely, the result is a curve formed by 4 arcs of 
parabolae (Fig. 1) whose selectivity curve is

( sin to £ \  a 
toe /
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This explains summarily how the curves o f Fig. 1 
were obtained.

(4.2.4). A nother example, more mathematical, will 
now briefly be stated. Consider the Fourier series 
formulae

CO
/(f) =  C0 +  \  '¿T  C0 cos (n co0t +  <t>n)

n =  l

C„ =  [AnS +  B„2]

An —
l

/( f)  sin na>0t dt

CO o

Bn — — \ /(f) cos nco0t dt

co0
The right hand side o f the expressions giving An and 

Bn are selective transforms where f0 =  0. Consider 
now a non-periodic function, / ( t), choose an arbitrary

27r
period T0 a  =  — , and calculate An and Bn for different(Oq
positions o f the section o f width T 0

1
t„+ —(D0

An =  — j  / ( f )  sin ncoft — t„) dt

co„ 

-t.+  i

Bn = / ( f )  COS HCO0( f  — f0)  iff

that is, for different values o f f0. We get two functions 
An(f0) and Bn(f0) representing /(f) after transformation 
by the selective curves

r • +“° a r #~1+“«I sin nco0t and cos na>0t

“ co„ —CO,

The amplitudes o f An and Bn will be notable only if 
components nma exist in /( f )15. Thus the mean value 
o f Cn =  (V  An2(f0) +  Bn2(f0)) will be notable only 
if /( f )  contains components around n co0. Careful cal
culation shows that this is co rrec t; the result is the 
same as that given by a spectrum analyser having a 
definite type o f selectivity curve. I t shows also that 
taking the mean value o f An and Bn for 3 or 4 values 
o f t0 is generally sufficient. Thus the methods o f 
harmonic anlysis can be extended to  the analysis of 
non-periodic curves.

(4.3) Study of Pulse Modulation and Demodulation
In pulse modulation the intelligence or signals are 

not transmitted continuously but at equal intervals,
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very short compared with the highest frequency to  be 
transmitted.

Fig. 13 shows the signal to  be transm itted and the 
ordinates which are effectively transmitted.

:r:i
Fig. 13.—In “pulse modulation" the curve is chopped at 

equal intervals o f  time by sharp pulses.

The simplest method is to transm it periodically a 
very sharp pulse whose amplitude is proportional to 
the amplitude o f the signal. This method requires a 
linear amplifier at the receiver just as in an amplitude 
modulation system. There is, however, a method of 
pulse modulation called “ time pulse modulation” 
which gives the information required not by a variable 
amplitude but by shifting in time, proportionally to  the 
amplitude o f the signal, the moment at which the pulse 
ought to  appear. Fig. 14 shows how this is done. In 
the absence o f signal, pulse m  appears at time fm =  
mT0, T 0 being the period o f repetition. When the signal 
appears, the same pulse appears at time f 

t =  m Ta +  A  t 
where A t is proportional to  the amplitude o f the 
signal.

i i r - Lii h ¡1 k j  1
1 : 

Ii IiAtm ¡ÂtïïwiÂtmmAtm+3! | i |
j t L J i i A - r L ri l l  !

i
ni_ ii 1! 1!

.b. ! J 1 !

Fig. 14.—“ Time pulse modulation" method : a pulse is 
shifted in time from  its normal position proportionally 

to the amplitude o f  the signal.

At the receiver, this time modulation is changed to 
variable width modulation by the following process 
(Fig. 146).

The leading edge o f the periodic pulse train  appears 
at time r m

Tm =  m T 0 — A T 0 
A T 0 being positive and small compared to  To but 
greater than the maximum value o f / A / .  The trailing 
edge appears with the pulse o f the received train, that 
is, at time t '  = m T 0 +  A t .  Thus the width o f the 
/71th pulse is

A t  =  A T „ +  A t
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On Fig. 15 the variable width pulse is reproduced 
with the transmitted signal on a convenient scale to 
explain the demodulation process. This process con
sists simply in integrating the variable width pulse. 
It is clear that if T 0 is very small compared to the 
period Tm of the highest frequency to be transmitted, 
the integration will reproduce the signal with a good 
degree o f similarity. The question is to determine the 
amount o f distortion obtained as a function of the 
ratio Tm/To, and this is best done with the aid of 
Fourier transforms. Since the time at which the mth 
pulse appears is known as well as the time at which

—I
it disappears, the Fourier transform PmO ) o f the 
pulse can be calculated. Adding the transforms o f all 
pulses leads to a function

+ 00

P(co) =  2 1  Pm(w)
m = -oo

which represents the Fourier transform of the modu
lated train. Usually the integrating device is either 
capacitance shunted by resistance followed by a low- 
pass filter which suppresses the pulse repetition fre
quency and its harmonics, or simply a low-pass filter. 
I f  N(to) is the characteristic function o f the integrating 
device, the demodulated signal S2(r) will be such that 
its Fourier transform is

S^(co) =  P(eo) N(w)

It is thus possible to choose a comvenient function, 
—■1 ~ 1

N(to), in order that . S2(a>) is closely similar to S^tu), 
the Fourier transform o f the transmitted signal. The 
calculation is very delicate and requires great skill. 
The results are functions o f a great number o f para
meters and it must suffice to state the most important 
conclusions to be drawn :

(1) The combined modulation and demodulation 
process produces no amplitude distortion except at sub
multiples o f the recurrent frequency /„. At these fre
quencies the amplitude distortion is function o f the 
relative phase between the signal and the times mT„ at 
which information on the signal is transmitted. The 
maximum distortion is ±  100 % at / 2/2, and is usually 
negligible for lower sub-multiples.

(2) Harmonic distortion is produced by the modula
tion process but is balanced by an equal distortion and 
o f opposite sign at the demodulation. The overall 
harmonic distortion is surely negligible, in fact o f a 
smaller order than the approximations made. In 
practical multi-channel system they can be considered 
as inexistent.

(3) The integrating device must be a low-pass filter 
with a cut-off frequency slightly higher than the 
highest frequency to be transmitted.

(4) Demodulation o f width-modulated pulses is best 
achieved by the use of a low-pass filter. If  / 0 is the

recurrent frequency, the cut-off frequency o f the filter 
must be smaller than /<,/2.

(5) Another type o f distortion appears in pulse 
modulation ; when the periodic train o f pulses is 
modulated, the D.C. and harmonic components o f 
the train are also modulated and each can be considered 
as a carrier modulated by the signal. In  amplitude 
pulse modulation each carrier produces two side-bands 
and the D.C. component one side-band of same frequency 
as the signal. In time pulse modulation each carrier 
produces a great number o f side bands, the lower ones 
being inside the transmitted band-width. A t the de
modulation these side-bands go through the L.P. filter 
and produce a special type of distortion. However, this 
distortion can be reduced to a negligible amount by 
reducing the modulation width to some per cent, o f 
T0. This is usually done in multi-channel systems.

J _ J L J L 4 U Æ Î J O i ÎC ^1JL J L

Fig. 15.—Signal and corresponding “variable width 
modulation.” The variable width modulation is usually 

derived from  the time modulation at the receiver.
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DISCUSSION ON THE DESIGN AND APPLICATION OF MODERN 
PERMANENT MAGNETS

by 
G. L. Hamburger (Associate Member)f 

(Contributed to the London Section meeting held on the \ l t h  October, 1946)
Mr. Tyrrell has, by publishing his paper, rendered a 

great service to members of the Institution, and my 
contribution is by way of expressing thanks to Mr. 
Tyrrell for his work.

There is a very close relationship between electric 
and magnetic circuits and I should like first to deal with 
the most fundamental relation, Ohm’s Law. In elec
trical terms it takes the well-known form the current 
I being equal to the E.M.F. divided by the resistance R.

Let us consider the simple case of a conductor of 
uniform cross-section A and introduce the current 
density i =  I/A  and write it on the left-hand side of 
the table. On its right-hand side we will put the mag
netic equivalents which, in the case of Ohm’s Law, is the 
simple relation that flux is equal to the magneto-motive 
force M .M .F. divided by the magnetic resistance or 
reluctance R m. Again, considering a piece of iron of 
uniform cross-section A with the lines of force pene
trating it perpendicularly we have the known relation 
that the total flux <f> is equal to the flux density B times 
cross-sectional area A.

Whereas the units in the electrical case are doubt
lessly Amperes, Volts and Ohms, they are Maxwells, 
Gilberts and Oersteds with a long shadow of a doubt, 
since there seems to prevail considerable confusion as 
to which magnetic quantity to assign to  which venerable 
name of deceased scientists particularly if you add to 
the above last three names that of Gauss. If you refer 
to books on the subject you will find that those name 
allocations depend to a varying degree on the respective 
author’s nationality and age. However, so long as one 
knows what one means all is well.

Regarding the resistance, analogous formulae apply 
in electrical and magnetic cases, and from the two 
analogies enumerated so far, and tabulated in the table 
we can see that electrical current corresponds to 
magnetic flux, current density to flux density, and 
conductivity k to permeability ft.

Now let us form the product of squared current and 
resistance which gives the power P in Watts. By 
introducing the current density i and the resistance 
formula for a piece of conductor, we can split up the 
total power into a term i2/« which represents the power 
dissipated in one cubic centimetre, and another term, 
the volume V of the conductor.

Performing an analogous process with magnetic 
quantities, viz., multiplying the reluctance with the 
square of the flux and with a constant l/8n  we obtain

t  Rediffusion Ltd.

an expression B2/8tt/i. times the volume. In  B2/8tt/j. we 
recognise the energy of the magnetic field stored in one 
cubic centimetre of material expressed in Ergs.

This analogy is already very revealing for it shows 
that by the same process we obtain electrical power in the 
electrical case, which is energy dissipated in unit time, 
and in the magnetic case we obtain energy stored in the 
magnetic circuit, which seems clear now, for the mag
netic circuit is static in its nature—“ nothing really 
happens ”—whereas the electrical circuit dissipates 
energy, producing heat. It also shows that a permanent 
magnet is a physical reality whilst a “  permanent 
battery ” would only prove the impossible, the perpetual 
motion.

However, let us proceed to  complete circuits con
sisting of a source comprising an electromotive force 
E.M .F. and internal resistance Ri and a load resistance 
R. Let the terminal voltage be V, and the current flow
ing out of one terminal I. By varying the load from zero 
to infinity, I versus V can be calculated and plotted 
and from the linearity of the equations relating V and I 
it follows that we must obtain a straight line. For

E.M .F.
V =  O we have the short circuit current ISc =  — 5 -----Ki
and for I =  O we obtain the open circuit voltage Voc 
=  E.M .F. The straight line connecting Voc with Isc is 
called the characteristic or the regulation of the source, 
for it relates all possible terminal voltages and currents.

If we wish to find out the conditions for a particular 
load R  we must draw the characteristic of R, i.e., the 
line relating all possible voltages across R and currents 
through R. Since R =  V/I, this characteristic is a 
straight line through the origin.

Naturally since only one pair of V and I is possible 
at a time, the point of intersection of both characterstics 
is the solution for our query.

It is important to note, however, that the same 
operating point can be obtained by connecting to the 
terminals of the source an external E.M .F. of the value 
of the desired terminal voltage and in opposition to the 
source E.M .F. Provided now this external counter 
E.M .F. does not introduce any additional resistance— 
it could be realised by an external zero-impedance 
voltage source—we shall obtain exactly the same work
ing conditions as with the load R. This is sometimes 
called the Compensation Theorem. In fact, by varying 
the counter E.M .F. the whole source characteristic can 
be explored, even beyond the boundaries of Voc and Ise.
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All this is, of course, well known, and I have only 
dealt with it here in order to be able to  compare it 
concisely with the magnetic analogy.

Let us now consider a  closed ring o f permanent 
magnet material which is magnetised by a few ampere- 
turns around the ring. We reduce the magnetising cur
rent to  zero and measure the flux <f>t which is called 
remanent flux. At this stage we can compare the closed 
permanent magnet with a short-circuited electrical 
source, whereby the remanent flux <f>T corresponds to 
the short-circuited current Isc. In  order to  get the 
internal magneto motive force M .M .F. of the magnet 
which sustains <f>r we remember the Compensation 
Theorem, quoted for the electrical case. According to 
it we can measure the internal E.M .F. by applying an 
opposing E.M .F. of equal magnitude so that the cur
rent would vanish. This can easily be achieved with 
the magnet by reversing the magnetising current 
direction around the ring and increasing the current 
until the flux is zero. Then we know that the M .M .F. 
measured in terms of 0-4v times ampere turns we have 
just applied, must equal the internal M.M .F. of the 
permanent magnet. This is called the coercive magneto
motive force M.M.F.c. Similar to  the electrical case we 
have thus gone through the characteristic of the magnet 
source, as pictured in the table.

Now as a magnet is of a continuous structure and 
contains its M .M .F. and internal resistance in a uni
formly distributed manner oriented along its axis, it is 
customary in “ magnetotechnique ” to  refer all quan
tities to  unit length and unit cross-section, i.e., to  unit 
volume. It is in this form that we are familiar with 
magnet characteristics.

The significant quadrant of the previous figure is 
redrawn with all quantities referred to  unit volume, so 
that, the remanence appears as Br in lines per square 
centimetre, and the coercive force as M .M .FC per 
centimetre equal to  H c.

If  we now cut a gap of width 8 into the ring magnet, 
we are introducing external reluctance into the system ; 
we actually go from the short circuit to a load condition. 
Similarly to  the electrical case, we can find the new 
operating point as the intersection of the characteristics 
of the magnet and the gap reluctance.

The gap reluctance, if introduced into the customary 
diagram, must, o f course, be referred to  unit length and 
unit cross-section too. As p. =  1 for air, the gap reluc
tance becomes R =  <5/i where i is the total magnetic 
path length. Analogous to  an electrical resistance the

reluctance must also be the ratio  o f M .M .F. over the 
flux, or, if referred to  unit volume, it will be the 
M .M .F./i =  H, over flux density B. Hence Rm =  
H/B. Hence a gap of 1mm and a path length of 10 cm 
results in R m =  S / t  =  0-1 /1 0  =  0-01 =  H/B. A line 
according to  this ratio  can easily be drawn through the 
origin, and its intersection with the characteristic 
gives the working point, whereby the flux density in the 
gap is usually the only interesting quantity.

It is customary to  say that the air gap or the reluctance 
“ de-magnetises” the permanent magnet. I f  we were to 
translate this into the electrical analogy, we would have 
to say : the load resistance inserted in a normally 
short-circuited source “ de-currentises” the source.

You can see now that the problem of designing a 
permanent magnet to  produce a certain flux density in a 
certain working gap, resembles very closely the problem 
of matching, viz., to  choose for a given load a source 
such that the desired power is delivered from the source 
to  the load at minimum effort. We must keep in mind 
that any physical source is only capable of delivering a 
certain amount o f maximum power, and the conditions 
under which it gives away that power are called match
ing conditions. Although in an electrical linear circuit 
the efficiency is only 50%, matching conditions, indeed, 
determine the physically smallest source to  deliver the 
desired power to  a given load.

This is the essence of permanent magnet design, viz., 
to  find the smallest magnet to  do the job. Substitute 
energy for power, and the above arguments hold for 
magnets.

There are, o f course, certain provisos in applying 
these analogies.

The magnet characteristic is not only non-linear but 
it is also irreversible, contrary to  the characteristic’of a 
linear source. Increasing the load after magnetisation, 
and then reducing it, shifts the operating point along 
two different curves, as was so clearly explained to-night.

The other im portant proviso in our analogies is the 
fact that, whilst in an electrical circuit the leakage resist
ance of the air can be assumed to  be infinity for normal 
operating conditions, this is not in the least the case 
with magnetic circuits. Instead of infinity, the ratio of 
air to iron reluctance is in the order o f the permeability 
H, and it is this fact which reduces magnetic calculations 
to  more or less accurate estimations.

Nevertheless, the electrical analogies will always prove 
helpful if critically applied, bearing in mind the provisos 
just mentioned.

The paper on “ Design and Application o f  Permanent 
Magnets ” by A. J. Tyrrell was published in September/ 
November 1946 Journal, pp. 178 to 213.
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A REVIEW OF RADIO AIDS IN AVIATION
by 

Charles B. Bovill (Associate Member)* 
A paper read before the North-Eastern Section o f  the Institution on December 11th, the Scottish 
Section on December 12th, 1946, the North-Western Section on January 29th, the London 
Section on February 20th, and the Midlands Section on March 21th, 1946.

SUMMARY
The object of this paper is to outline how radio is applied to assist aviation. The main technical problems peculiar

to this branch of radio are dealt with in detail.
Some radio aids are analysed from the technical and economical aspects and it is shown that many of them are 

now outmoded by wartime developments.
Whilst the paper is essentially concerned with civil aviation, some reference to military technique is inevitable

because many wartime aeronautical requirements are a guide to civil aircraft of the future.
Certain requirements are suggested, such as a radio collision warning device and electronic flight instruments.
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1. Introduction
Progress in modem aviation has been to  a great 

extent dependent upon the development o f radio de
vices for safety in fligh t; high speeds and great ranges 
o f aircraft would never have been possible if  radio 
apparatus had not been developed for the safe guidance 
of pilots.

To understand the basic problems which engineers 
have to  face in applying radio to  aeronautics various 
factors o f a widely differing nature have to be 
considered.

Primarily, it must be realised that by comparison with 
other means o f transport an aircraft is uneconomical as 
the ratio  of the total weight to  the useful load is seldom, 
in practice, in excess of five to  one. To the radio engi
neer, this means that the airborne apparatus must be of 
the minimum possible weight.

Associated closely with the weight problem is the 
need for as complete a streamlining o f the external 
structure o f the aircraft as can be obtained without 
sacrifice o f aerodynamic efficiency, it being the aim o f 
aircraft designers to  eliminate all protrusions from the 
fuselage which are not essential to  the flight and pro
pulsion o f the aeroplane. To the designer o f aircraft 
radio equipment this restricts aerial installations to 
masts and loops of small dimensions.

Perhaps not so readily recognised is the global aspect 
o f air travel. An aeroplane leaving England may be in 
Australia within three days, having traversed areas of 
the world where wavelengths covering a wide range o f 
the spectrum must be used to  ensure constant com
munication and guidance to the pilot. Similarly, 
extremes of heat, cold and humidity may be met during 
the journey which must be provided for in the design 
of the radio apparatus.

Owing to  the concentration o f great power on a 
comparatively small structure in the shape o f the 
engines o f an aircraft, problems o f vibration and high 
acoustic noise level are met which have to  be allowed 
for by the radio designer. Static electricity effects and 
their consequent interference to radio reception, which 
are regarded as freak results on ground stations, are an 
everyday occurrence in aircraft and difficult suppression 
problems have to be dealt with.

Finally, the radio apparatus, although subject to 
these severe conditions o f operation, has to be o f a high 
degree o f reliability, as its inefficient performance or 
failure may be of vital consequence at any stage o f a 
flight.

While marine methods o f navigation may be used 
for assisting in aircraft guidance, it will be appreciated 
that the faster rate o f travel o f an aircraft, when com
pared to that o f a ship, can result in large errors in 
position estimation and that there are many occasions 
during flight when marine methods cannot be used 
successfully. It is therefore o f primary importance to 
be able to provide the pilot of an aircraft with naviga

tional assistance when it is needed. This requirement 
becomes increasingly important when civil aviation is 
considered and time tables have to  be adhered to, and 
is a requirement which can only be provided for satis
factorily by radio, either from direction finding tech
nique in its various forms, by the laying of beam tracks 
along which the aircraft can be flown or by hyperbolic 
navigation systems. Although navigational aid is 
without doubt the primary need o f aircraft, they would 
be incompletely assisted unless two-way communication 
between air and ground was possible, this facility being 
required in order to  pass meteorological information, 
landing instructions from the ground and for the air
craft to  use for acknowledgment and emergency 
messages. In  order to  fulfil these needs radio apparatus 
has been extensively developed and the necessary facih- 
ties provided in various ways. Although normal flying 
instruments can be used to provide the pilot o f an air
craft with guidance information with which he can fly 
an aircraft “ blind ” under conditions o f reduced 
visibility, the compass and altimeter, upon which 
much would depend during a landing under similar 
conditions o f visibility, have been proved to  be in
adequate for the purpose, being liable to errors which 
would make such an operation too hazardous for 
civU transport services. This has led to the develop
ment o f radio devices for blind landing and indication 
o f terrain clearance.

The independence o f radio waves upon visibility has 
also been considered as a means o f warning pilots of 
the danger o f collision with other aircraft.

It wiU be seen that radio can be used not only for 
navigational aid and communication in aeronautics, 
but also for the supplementing o f the information 
obtained from various flying instruments. It can also 
be applied for the solution o f new problems peculiar 
to flying.

Radio applications to aeronautics may therefore be 
divided into four categories under the general headings 
o f :—

(i) Navigational aids.
(ii) Communication.

(iii) Landing aids.
(iv) Flight aids.

2. The Radio Range System of Aircraft Guidance
2.1. The Principle o f  the Radio Range System

One of the chief requirements o f civil aviation is to 
have the means of maintaining aircraft on the most 
direct route between the airport o f departure and its 
destination. This enables time tables to  be maintained, 
avoids petrol wastage and simplifies flying control.

In  the United States of America the method of fulfilling 
this requirement is to  provide beacons which lay down 
equisignal tracks between the main airports. These 
beacons, known as radio ranges, use transmitters of 50 to 
200 watts aerial power rating and operate on the 200 to 
400 kc/s band. The transmitters employ two pairs of
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aerials, each having a figure o f eight polar diagram, 
which are in the majority o f cases placed at 90 deg. to  
one another in order to  produce areas o f overlap o f the 
field patterns. The aerials are both fed from a common 
source of radio frequency and are arranged, by special 
switching devices, to  be modulated by different Morse 
characters. The timing o f these characters, usually 
A  (. —) and N (— ■)> is interlocked so that when in the 
overlap zone a continuous note is heard in the receiver 
telephones. Thus, for a pilot to  follow the track it is 
only necessary to  guide the aircraft in such a manner 
as to  maintain the continuous note, deviations from it 
being heard as a series o f A’s or N ’s. The important 
features o f the radio range system are that the signals 
can be received on simple airborne equpiment which 
can be o f light weight, and that it can be used for the 
simultaneous guidance o f a large number o f aircraft 
from a single transmitter.

In the most generally used radio ranges an omni
directional aerial is also included which at given periods 
transmits meteorological reports by telephony. The 
disadvantage o f what is in other respects an almost 
ideal radio guide for aircraft is that it suffers from 
inaccuracies at night and during the periods o f sunset 
and sunrise, due to  interference from ionosphere 
reflections and that it is also liable to give false, or some
times split courses, when the wave travels over terrain 
o f varying conductivity. The former difficulty has been 
almost entirely overcome by using Adcock aerial tech
nique, but there still remains the insuperable difficulty 
o f changes o f terrain conductivity, with its attendant 
course splitting phenomena and in some instances blind 
spots where reception ceases.

2.2. The V.H.F. Radio Range
Attention has therefore been turned to the uses and 

possibilities o f V.H.F. for radio ranges. A part from 
the large number o f channels which can be accommo
dated in a given band at V.H.F., it has also the natural 
advantage that the waves at very high frequencies travel 
through space rather than over the ground and are 
less affected by changes o f soil conductivity than 
medium frequencies. Sandretto1 in a theoretical 
case shows that for a given soil conductivity a course 
error o f 32 deg. at 300 kc/s will be reduced to 7 deg. at 
100 Mc/s.

Frequencies o f this order also have the very real 
advantage of being unaffected by atmospheric dis
turbances which make the installation o f the radio 
range system a possibility in tropical countries where 
hitherto the medium frequency types have given only 
limited service.

These features combined with the simplicity o f the 
ground plant and the ease with which the four beams 
emanating from the station can be pointed in the most 
useful directions for homing aircraft, make V.H.F. 
unquestionably the spectrum upon which radio ranges 
o f the future will operate. According to published2

details several V.H.F. ranges are already in operation 
in the United States o f America.

2.3. Markers
For various reasons connected with the flight o f the 

aircraft and also for economic reasons, it is not only 
necessary for the aircraft to  be guided accurately from 
one airport to  another, but it is also necessary for the 
pilot to have, from  time to  time, an indication o f his 
progress along the beam. To enable this information 
to  be given under conditions when visible sights o f the 
ground cannot be taken, markers are installed along 
the range track at certain intervals which, operating 
on V.H.F. at 75 Mc/s, radiate a fan-shaped vertical 
polar diagram which is capable o f being received in the 
aircraft with very simple apparatus. The breadth o f the 
usable signal is arranged to  overlap the continuous 
note area o f the beam and can therefore be received by 
an aircraft which is flying slightly off the equisignal 
course, if  required. Usually, the marker transmission 
is identified by the pilot by a distinctive tone in the tele
phones or indicated by a light in the cockpit which is 
operated through a relay by the received signal.

2.4. Position Finding from  Radio Range Signals
A criticism sometimes made o f the radio range 

method of guidance is that if  the beam or continuous 
note area is lost the pilot cannot always find it. This is 
untrue, since by the very nature o f the formation o f the 
equisignal path there is either an A or an N signal in all 
quadrants round a range transm itter and by adopting 
a standard procedure entailing the use o f the compass, 
aeronautical maps showing the bearings o f the legs ot 
the range stations, and by careful comparison o f the 
strength o f the A and N signals, a pilot can always find 
the equisignal path.

The procedure for finding beams is described in detail 
by Jordanoff3, but does not seem to  be known 
generally outside aviation circles where beam flying is in 
daily use.

2.5. The Installation o f  Radio Range Receiving 
Equipment

The installation in the aircraft for the use of 
the range system is, as already remarked, o f extreme 
simplicity. This not only applies to  the receiver but also 
to  the aerial requirements, adequate reception at the 
limit o f range o f a beam being possible with an aerial 
o f vertical construction, about 3 ft. high. As it is 
usual to use ranges for flying both to  and from an 
airport, it is im portant to  provide for a substantially 
omnidirectional polar diagram and a vertical aerial 
would appear to be the best choice. This kind o f aerial 
may, however, at very short-range from the trans
mitter, cause errors in course when the aircraft is being 
banked, due to picking up the horizontally-polarised 
component o f the transmitted wave. Various methods 
are used to  counter this undesirable effect, the most 
common being to use a short vertical aerial with a Vee
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form “ roof.” This construction not only gives a 
slightly increased effective height to  the aerial but also, 
by careful adjustment o f the length o f the sides o f the 
Vee, can be arranged to  cause the horizontal compo
nents to cancel each other at the point o f connection to 
the vertical part o f the aerial. It would appear that these 
errors can occur at V.H.F., but there seems to be no 
reason why a similar aerial technique should not be 
employed. It should be noted, however, that at V.H.F. 
it will be more difficult to obtain an omnidirectional 
polar diagram on account o f the screening of the wings, 
fuselage and tail unit of the aircraft. Since the aerials 
required for V.H.F. are small and therefore do not 
collect a dangerous amount of ice or seriously interfere 
with streamlining, it would seem that the best solution 
would lie in using separate aerials placed in suitable 
sites for flying towards and away from range trans
mitters.

2.6. Radio Range Receivers

The basic requirements o f range receivers are that 
they should have high sensitivity and adjacent channel 
selectivity and that they should be capable o f detecting 
small changes in input, in order to give the maximum 
aural discrimination between the A and N signals. The 
first two requirements are met without difficulty 
because it is possible to use a low value of I/F, typical 
receivers having a sensitivity o f 50 mw output for an 
input o f 5 microvolts, 30 per cent modulated, with a 
signal to noise ratio o f 6 db and selectivity of the order 
of 40 db attenuation o f 2 kc/s off tune. The aural dis
crimination is obtained by the use o f a square law 
second detector. R /F gain is controlled manually and 
the output valve is arranged to load fully before any of 
the pre-detector amplifiers are overloaded, in order to 
oblige the pilot, for comfort o f listening, to keep the 
gain control set at a safe value. This prevents course 
errors due to R /F  overload and also ensures that the 
detector is operated under optimum conditions.

Continuously variable tuning is used with M /F radio 
range receivers and normal L/C circuits are incorporated 
in the R /F  and oscillator stages. V.H.F. radio range 
receivers usually have crystal controlled oscillator 
circuits, owing to  the difficulties o f design o f small stable 
variable circuits at these frequencies.

Although it is useful to  be able to receive meteoro
logical broadcasts on the range equipment without a 
change of tuning, there are occasions when the presence 
o f voice frequencies is inconvenient to the pilot, who 
may, for example, be about to execute a difficult 
manoeuvre and be in the need of clear guidance signals. 
Similarly, under weak signal conditions, the A-N modu
lation may render the telephony signals unintelligible. 
Filters are, therefore, incorporated in the A/F circuits 
o f range receivers which enable either o f the unwanted 
signals to be attenuated by about 40 db.

3. Navigational Aid from Airborne Direction Finding 
Apparatus

3.1. The Uses o f  Aircraft Direction Finders
Throughout the world there are many transmissions 

such as those originating from broadcast, commercial 
telegraphy and marine stations, o f which the geo
graphical position is known, that can be used for 
navigational assistance by the taking o f bearings from 
them with loop direction finders.

Airborne apparatus for this purpose has therefore 
been developed and is nowadays in general use both in 
civil and military aircraft.

In the United States o f America direction finders are 
the principal means of navigation when flying in areas 
not covered by radio range tracks, and for this reason 
the Civil Aeronautics Authorities enforce the installa
tion o f them in all transport aircraft.

3.2. Aircraft Loop Installations
Early aircraft direction finders used a normal pattern 

o f loop aerial, but with the increase of speeds it has 
become necessary to  reduce the drag caused by them, 
and on modern aircraft the winding is enclosed in a 
“ teardrop ” streamlined housing. As there is a prac
tical limit to  the dimensions of this housing, the dia
meter o f the loop winding has had to  be reduced to 
between 6 in. and 8 in. This results in a low effective 
height which is o f the order of 15 cm. at 400 kc/s. In 
order to develop the maximum voltage across the loop 
it is usually constructed either o f large cross section 
copper wire (with wide spacing between turns) or o f litz.

The all metal construction of aircraft and their cruci
form shape cause loops installed upon them to exhibit 
quadrantal errors which can be very large unless the 
loops are correctly positioned. The siting o f loops has 
therefore been investigated and the technique is now 
fully understood. Various methods have also been 
developed for the reduction o f quadrantal errors, such 
as the placing near the loop windings o f copper bars 
which, by correct positioning, can be made to  cause the 
loop scale reading to agree with its mechanical rotation.

While it is impossible to  install a loop in such a 
manner as to eliminate quadrantal errors entirely, it is 
possible, by experiment, to reduce them to  reasonable 
values and to cause the errors to be symmetrical. In 
practice the best all round position is usually found to 
be on top of the aircraft at the point of the intersection 
o f the wings and the fuselage. Installed in this position 
the loop is not screened under conditions of level flight 
and has fairly symmetrically placed reflecting surfaces 
in all four quadrants. On some aircraft it is impossible 
to  place the loop on the top of the fuselage, and it is 
placed beneath it, invariably causing a large quadrantal 
error, brought about by the screening of the engines 
and wing tips when at certain bearings to the source o f 
signal. Even when receiving signals on the lower M /F 
band it is surprising to note that quadrantal errors are 
introduced by the presence o f small fixed aerials, and
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it is im portant to  connect such aerials to  their respective 
transmitters and receivers when tests are being made for 
quadrantal error. Various curves o f the quadrantal 
errors found on aircraft have been published, and that 
shown by Keen4, which has a maximum value o f 
18 degrees, can be considered to  be typical of the loop 
installations o f the larger types of high wing aeroplanes.

It has been found that the extent o f quadrantal error 
o f an aircraft loop installation can only be determined 
with accuracy by measurements made while the aircraft 
is flying; for this to  be carried out thoroughly it is 
usually necessary to  fly for about two hours. During 
the peak production of military aircraft such flying 
time for loop calibration was not permissible and as a 
result of extensive trials it was found that a carefully- 
made master talibration o f quadrantal error for a given 
type o f aircraft could be applied to  all production 
models o f a similar type without degrading their loop 
accuracy, the only precaution necessary being to ascer
tain that the mechanical installation was carefully 
carried out. It will be realised that once a loop cali
bration has been made, its sutsequent accuracy 
depends upon the mechanical stability o f its drive 
mechanism and upon the freedom from backlash o f the 
flexible drives associated with its rotation.

Aircraft loops are, in general, only intended for. 
reception on frequencies below 1 -5 M c /s ; it is, 
therefore, usual to construct them with several turns 
o f wire in order to  develop the maximum voltage across 
them, the limit o f the inductance being set by the 
resonant frequency o f the loop and its self-capacity 
and that o f the leads which connect it to  its associated 
receiver. This resonant frequency should be slightly 
higher than the highest frequency to which the receiver 
is designed to  tune, as inaccuracies are found to occur 
on bearings which are taken on signals corresponding 
to  the resonant frequency of the loop and associated 
circuits.

In  order to  eliminate 180 deg. ambiguity o f bearings 
taken on the loop, it is necessary to provide means 
o f determining “ sense.” With the simple loop circuits 
o f the type used on aircraft installations this can best 
be obtained by combining the loop signals with a 
vertical component obtained from an omnidirectional 
aerial. For this purpose the rigid or fixed aerial is 
generally used, or in some instances a 6 ft. to 8 ft. 
flexible whip aerial is employed. The trailing aerial 
can also be used, but only if the installation is calibrated 
in conjunction with it, sense indication being the 
reverse of that found with aerials mounted on top o f the 
fuselage.

3.3. Visual Presentation o f  Loop Nulls
The taking of bearings on signals received in an 

aircraft requires a higher degree of skill than is necessary 
on a ship or shore station owing to  two factors; the 
high speed o f the aircraft which makes rapid operation 
and calculation essential for the accurate interpretation

o f results, and the high acoustic noise level prevailing 
in the aircraft, the latter factor causing the loop zeros 
to  appear to  be broad, due to  masking effects upon the 
ear. These difficulties have been overcome largely by 
visual presentation o f the loop zeros in place o f aural 
indications and by the development o f mechanical 
devices which, by linking the loop scale with the 
repeater compass scale, eliminate much o f the calcu
lation necessary for conversion o f the readings obtained 
on the loop into useful information to  the pilot. In the 
latest form  o f airborne direction finder, mechanical 
arrangements are made which enable a continuous 
indication o f bearings to be presented visually on a 
scale in the pilot’s cockpit.

The visual presentation o f loop zeros has the 
advantage over the aural method o f not only enabling 
more accurate bearings to  be taken, but also o f pro
viding the pilot with an instrument which can be used 
for homing guidance to any source o f transmission to 
which the receiver may be tuned. The instrument used 
for indication was, in its original form, a differential 
type which indicated centrally when the loop was in the 
null position and to  the left or right when the loop was 
receiving a signal. It was thus possible for an aircraft 
to  be homed to a transmitter by setting the loop at right 
angles to the aircraft’s head and flying in such a manner 
as to  keep the meter indicating centrally. This type of 
indication had the disadvantage o f giving the same 
reading for both the “  on course ” and no signal 
conditions, and it was possible for the transm itter being 
homed upon to  cease operating without it being 
apparent to  the pilot.

In order to  overcome this difficulty the twin pointer 
visual indicator was developed. In  this instrument, “ on 
course ” indication is obtained by the intersection of 
two pointers on a centre line on the dial face, the off 
course condition being shown by an intersection o f the 
pointers to the left or right o f the centre line. When 
homing, the height o f the intersection on the centre line 
varies with the signal strength and will therefore show 
immediately the transmission ceases.

3.4. Loop Ancillary Equipment
In order to  interpret the readings obtained on the 

loop scale as a useful navigational aid, it is necessary 
for them to be converted into true bearings so as to 
determine the position o f the transmission being 
received. To make this conversion it is necessary to 
apply quadrantal correction, ascertain the course being 
flown and apply compass deviation correction for the 
locality in which the aircraft is being flown. As these 
operations and the associated calculations take an 
appreciable time to  carry out, errors can be introduced 
due to the speed o f the aircraft. A device has therefore 
been developed which eliminates all calculations and 
gives a direct reading o f the true bearing o f the trans
mission being received. This is accomplished by making 
the loop position indicator traverse a compass repeater 
scale and by placing adjustable cams in the loop drive
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mechanism which crowd o r spread the readings in 
accordance with the quadrantal error. In this device5 
indication that the loop is in the null position is 
obtained by rotating a central zero visual indicator 
with the loop drive. In  order to  obtain a correct 
reading it is therefore only necessary for the operator 
to  rotate the loop until the central zero instrument 
pointer is in alignment with the loop scale pointer. 
When taking bearings under conditions o f unstable 
flight this instrument is o f value as the operator only 
needs to  maintain the alignment o f the loop scale and 
central zero meter pointer from which an average true 
bearing can be obtained rapidly. A device o f the kind 
described, although eliminating calculations and 
reducing the time needed for taking bearings, still 
requires manual operation o f the loop.

The most recent development has therefore been to 
include means for the automatic rotation o f the loop 
and for remote indication o f the scale readings in such 
parts o f the aircraft as may be required.

In order to  obtain these facilities the basic visual 
indicator circuit is employed, but the voltages normally 
used for operating the meter are arranged, in this 
instance, to  energise relays which control a motor for 
rotation o f the loop ; thus, when the loop is at the 
position of zero signal pickup the relays are not ener
gised and the motor is stopped. As the aircraft pro
gresses on its flight its position with respect to the 
transmission being received will change, resulting in a 
voltage being induced in the loop aerial and hence 
through the receiver to the motor controlling relay ; 
this will in turn close the motor circuit and cause the 
loop to  be rotated until the position of zero signal is 
found and the motor is again stopped. Receiving 
equipment o f this type in its latest form uses two loops 
and receivers so as to  enable a continuous fix to  be 
obtained.

3.5. Airborne Direction Finding Receivers

F or aerodynamic reasons there is little choice in the 
aerial systems which may be used in conjunction with 
aircraft direction finding receivers and most circuits 
are designed to  work on the switched cardioid principle.

In  order to  maintain the correct phase relationship 
between the vertical and loop aerials it is important to 
avoid feedback to them from amplifying stages and it is 
necessary to  operate the R /F  and frequency changer 
stages under exceptionally stable conditions. In a 
widely used airborne direction finder6 the vertical 
aerial is isolated from the loop circuit by an aperiodic 
amplifier in order to  avoid phase shift. Owing to the 
small pickup of the aircraft loop aerial it is necessary 
to  design receivers with a sensitivity o f at least 10 
microvolts input for full-scale deflection of the visual 
meter, the gain being obtained largely in the I/F  stages. 
As any direction finder will need to receive signals 
which lie in the band used for the I/F  in broadcast 
receivers, a low I/F  is employed. The adjacent channel

selectivity o f the receiver must be high, as interfering 
signals would cause the visual indicator to deflect and 
lead to  errors ; in current designs the output o f the 
receiver is attenuated by about 40 db at 3 kc/s off re
sonance. The effect o f images upon the accuracy o f 
the visual indicator is also equally important and 
rejection o f the order o f 70 db is usual. The choice o f 
the intermediate frequency is limited, but endeavours 
are made to  select a value which does not lie on any 
known regular transmission frequency, as breakthrough 
would render the indications on the visual meter useless. 
To reduce this risk wavetraps are placed in the input 
and output circuits o f the R /F stage and an overall 
attenuation o f about 90 db is obtained.

In  all present-day direction finding receivers the 
vertical aerial or loop and the output to  the visual 
indicator is switched electronically. In the motor-driven 
loop types thyratrons have been used latterly in place 
of relays for controlling rotation, and it is likely that 
all o f the switching o f the purely D /F circuits will 
continue to  be accomplished electronically, as less 
maintenance is required than for mechanical devices.

While the sharpest possible loop null indication is 
needed for taking bearings, it is undesirable for the 
visual indicator to show large deflections for small 
changes in the heading o f the aircraft when the pilot 
is using it for homing, owing to  the tendency o f aircraft 
to  yaw. A control over the meter deflection sensitivity 
is therefore required, and in a current design o f airborne 
direction finder, is met by a two-position switch having 
“  bearing ”  and “ homing ” positions’, the method 
of widening the null position used being to  increase 
the amount o f vertical component combined with the 
loop aerial. Since the loop is fixed when used for 
homing it therefore becomes necessary for the pilot to 
make a comparatively large change o f direction o f the 
aircraft before the visual indicator shows a deviation 
from course.

3.6. Loop Reception o f  H /F

Loop reception o f H /F signals in aircraft does not 
appear to  have been very extensively investigated for 
direction finding purposes, although it is used to  
counter certain conditions o f static interference. 
Except for short-range operation, it would appear that 
simple loop direction finding must always be useless 
owing to reflections from the ionosphere interfering 
with the ground wave. Experiments have been carried 
out successfully with spaced loops on aircraft for 
homing on H/F, but such arrangements have the in
herent disadvantage o f requiring aerials to be mounted 
on the wings and have no apparent advantages over less 
complicated methods. If  the need for H /F direction 
finding in aircraft should arise it would appear that its 
solution lies in pulsed transmissions from ground 
stations and cathode ray presentation o f the information 
in the aircraft.
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3.7. V.H.F. Airborne Direction Finders
Due to the difficulties o f siting directional aerials for 

the reception o f V.H.F. signals on aircraft, very little 
progress has been made in the development o f airborne 
V .H.F.D /F, although various homing devices have been 
put into service for operation on frequencies as high as 
400 Mc/s. Among those which have been most widely 
used is the 50 Mc/s homing device, used as standard 
equipment on Luftwaffe aircraft. This apparatus 
provides the pilot with a visual homing indication on a 
small central zero meter and uses conventional D /F 
circuit technique. A small loop is employed, installed 
for zero signal pickup in the direction of flight. The 
useful range o f this equipment is stated to  be about 
200 miles at 20,000 ft.

An ultra high frequency homing device was used 
during the war by the R.A.F. in special airborne landing 
operations which operated in the 350 Mc/s band. In 
this instance, owing to  the very short wavelength, it was 
possible to  use a directional aerial array which gave 
satisfactory results, although it was necessary in all 
cases to make extensive tests before deciding upon the 
aerial site on the fuselage for a given type o f aircraft, 
owing to  the screening and distortion o f the polar 
diagram which was found to  take place from the en
gines, tail units and even pitot head tubes.

3.8. Radar Homing Devices

Various secondary radar* homing devices were 
developed during the war, which may be found to  have 
applications for civil air transport work owing to  their 
possessing the valuable facility o f providing the navi
gator of the aircraft with a continuous indication of the 
distance between the aircraft and the beacon being 
homed upon.

The most fully developed o f these devices is the 
system known as Rebecca-Eureka9, which uses an air
borne transmitter and receiver and a transponder type 
beacon radiating from an omnidirectional aerial.

The distance measurement is obtained by trans
mitting pulse signals from the aircraft which, when 
received by the receiver associated with the beacon 
trigger a pulsed transm itter; signals from the beacon 
are received in the aircraft and the time taken for the 
two-way transmission is measured. This is indicated on 
a cathode ray tube in the aircraft which has a time base 
calibrated in distance.

“ On course” indication is obtained in a simple manner. 
Directiqnal dipoles are mounted to either side o f the 
forward part o f the aircraft fuselage and are sited to 
produce cardioid polar diagrams to  either side o f the 
line o f flight. A high-speed motor driven switch 
alternately connects each aerial to the receiver, enabling 
the amplitude of the signals from each aerial to be com
pared by observation of the size of the traces to  either 
side of the time base which is arranged vertically on the 
observation tube.

For homing, the navigator therefore instructs the 
pilot to steer the aircraft until the traces to either side 
of the time base line are o f equal amplitude.

The range o f the Rebecca-Eureka system is governed 
by the pulse repetition frequency and the altitude o f 
the aircraft owing to  the utilisation o f frequencies in 
the 200 Mc/s band. In  practice this is about 90 miles at 
5,000 ft.

4. Hyperbolic Navigational Air Systems
4.1. The Gee Secondary Radar System

During the war there arose the need for a more 
precise method o f determining the position o f an 
aircraft than could be obtained from such devices as 
airborne direction finders. This requirement fostered 
development in what are now known as hyperbolic 
navigational aids o f which the British Gee system was 
the first to be put into service. This system, by emitting 
pulse signals from synchronised transm i.ters, lays 
down a space pattern o f intersecting position lines 
from which a fix o f the position o f the aircraft can be 
determined.

The lattice is produced by transmitting from  a master 
station a pulse signal which triggers subsidiary or 
slave transmitters with predetermined and controlled 
time delays. Pulses from the master and two or three 
slave stations are received in the aircraft and are 
displayed on a cathode ray tube along a crystal con
trolled time base, and it is therefore possible to measure > 
accurately the difference in time o f arrival of the pulses 
from the slave stations with relation to the pulse signal 
from the master station. By careful synchronisation of 
the ground stations the time difference o f arrival o f the 
pulse signals can be determined for any position within 
range o f the transmitters and maps can be prepared 
upon which lines o f constant time difference can be 
plotted. These points, following well-known geo
metrical laws, will produce a straight line from a point 
midway between the master and slave stations and will 
be o f hyperbolic shape to  either side o f this line.

For the greatest accuracy o f fixing it is desirable for 
the position lines to intersect at an angle o f 90 deg.
To achieve this result over the maximum area three 
slave stations are sited in a star pattern round the 
master station and are spaced from  it by about 100 
miles.

Because the system depends upon the time difference 
of arrival o f pulsed signals, it is important to  avoid 
ionosphere reflections and the system is operated on 
the V.H.F. band between 40 and 80 Mc/s. This entails 
limitations to  the system owing to  the quasioptical 
behaviour o f frequencies o f this order, it becoming 
necessary to site the transmitters on high ground for 
maximum range and in order to secure the greatest 
possible length of base line between the master and 
slave transmitters. The necessity for cathode ray tube 
presentation in the aircraft places a limitation on the 
types o f aircraft in which the receiving equipment can
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be installed because this not only is o f substantial weight 
(80 lb.) but also must be observed by a crew member.

The accuracy o f the Gee system must depend pri
marily upon the stability o f the space pattern and, 
secondly, upon the measurement in the receiver of the 
time differences of arrival o f the pulse signals. In prac
tice the timing o f the transmitters is maintained to 
within about -66 microseconds. The receiving appa
ratus is o f conventional type and employs interchange
able tuning units for different chains o f transmitters. 
The signals are received on a 6-ft. whip aerial mounted 
in the position on the aircraft found to give a substan
tially omnidirectional polar diagram.

4.2. The Loran Secondary Radar System
The Loran system is o f American origin and was 

developed later than the Gee system for the purpose of 
providing navigational aid to  ships and aircraft over 
sea. In principle it is similar to  Gee and depends upon 
the difference in the time o f arrival o f pulse signals from 
synchronised transmitters. In order to  obtain ranges 
over sea up to 1,000 miles, frequencies o f the order o f 
1 -7 Mc/s are used which are reflected from the first E 
and abnormal E layers of the ionosphere during certain 
times over the 24-hour period. There is, therefore, a 
difference in the range obtainable during night and day, 
and there exist areas between the locality where the 
ground wave ceases to  be received and the sky wave has 
not returned to earth where no signals are received. In 
addition to these disadvantages there is a considerable 
difference between the ranges obtainable over sea and 
land, due to absorption of energy by soil. The accuracy 
of timing of transmitters in the Loran system is to within 
one microsecond. These factors indicate that the Loran 
system is not wholly suitable for use as an aeronautical 
navigation aid.

4.3. The Decca Navigational System
Consideration of the shortcomings of secondary radar 

navigational aids would indicate that the solution for a 
large area coverage system would be to employ low 
frequencies.

To date, however, it has not been found possible to 
radiate pulse signals successfully on low frequencies 
because with existing coil design technique the steep 
fronted pulse which is needed, cannot be transmitted 
owing to  the decrement o f the inductances which must 
be associated with long wave transmitters.

There is also the inherent difficulty o f the bandwidth 
which would be occupied by pulsed transmissions on 
low frequencies.

Owing to these difficulties the Decca navigational 
system has been developed which, although using a 
hyperbolic space pattern, does not employ pulse tech
nique, but is based upon the principle of the comparison 
o f the phases o f signals radiated by synchronised un
modulated transmitters. This arrangement permits 
the use o f dial presentation o f information to the pilot

and dispenses with the need for carrying a cathode 
ray tube in the aircraft. It also has the most important 
feature of providing continuous position information 
without attention. Long waves are used for trans
mission, making the signals receivable at all altitudes up 
to  the limit o f the cover o f the system.

The space pattern o f the Decca system is set up by 
transmitting C.W. signals from a master and phase 
synchronised slave stations. These transmissions are on 
harmonically related frequencies and phase comparison 
takes place on frequencies common to the master and 
each slave station. The position of the aircraft is deter
mined by counting and recording the number o f in- 
phase lines flown through and indicating the difference 
o f phase between them for precision readings. In the 
existing British Decca chain frequencies o f 85 kc/s, 
113-3 kc/s, 127-5 kc/s and 70-8 kc/s are used. This 
permits phase comparison between the 85 kc/s master 
station and the 113-3 kc/s slave station at 340 kc/s. 
As the waves travelling from the master to the slave 
and vice versa will be in opposite directions the spacing 
between the in-phase positions along the base line will be

— of the comparison frequency which corresponds to

440 metres. In practical form the phase meter can be 
made to read to 3-6 deg. o f phase change or one- 
hundredth p a r t ; the system is, therefore, capable o f 
reading position line to within 4-4 metres along the base 
line. In order to eliminate the possibility o f disturbance 
o f the space pattern by sky wave interference to  the 
phasing signals, the stations are usually separated by a 
distance of about 100 miles and are set in a similar pat
tern around the master stations for the same reason as 
in the Gee system. There will, therefore, be about 250 
in phase lines or “ lanes ” between the master and 
each slave station. This will cause the meter, in flying 
across the base line, to read 250 full changes o f phase. 
To overcome the ambiguity which this would cause, 
the indicators include a gear train which logs and 
displays the number of lanes flown through. Thus, 
all that the pilot of an aircraft is required to  do when 
using the system is to set the logging pointers of 
the indicators to the numbers on the hyperbolic jnap 
corresponding to  the fix of the aerodrome o f departure, 
after which the meters will give continuous readings 
throughout the journey from which a fix can always be 
obtained.

In any hyperbolic navigational system it is o f the 
utmost importance to maintain a rigidly stable spare 
pattern as the slightest disturbance o f it will lead to 
errors of navigation in the aircraft using the system. 
In the Decca system this is achieved by a novel syn
chronisation arrangement. The master station 85 kc/s 
signal is picked up by a receiver at the slave station, 
and after amplification and multiplication is used as 
the drive signal for the magnifier stages. A receiver at 
the slave station compares ihe phases of the signal from 
the master and the signal radiated by the slave aerial 
and maintains them at a predetermined value which
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depends upon the exact geographical position o f the 
master, slave and slave receiver aerials. Any shift of 
phase is reflected through a reactor valve across one of 
the amplifier stages of the slave transmitter ; this 
arrangement is found to  maintain the space pattern 
stability to  within 1 deg. o f phase difference, amounting 
to  a few yards only in position line accuracy at the limit 
of range.

The transmitting plant used in the Decca system can 
be designed for higher efficiency than is normally 
obtainable because the transmissions are unkeyed and 
unmodulated. This permits o f the use o f an aerial induc
tance o f a value o f Q o f over 3,000. The aerial is of 
special design having a very high capacity and is in the 
form  o f a radiating tower with an umbrella top for the 
purpose o f  radiating vertically polarised waves only. 
The radiated power with this design is about 900 watts 
for an input of 2kW to the output circuit at 127-5 kc/s.

The receiving apparatus for the Decca system con
sists o f cascaded amplifiers for each frequency followed 
by discriminator circuits feeding into the phase meters. 
The amplifiers are designed for high phase stability and 
can set up before use from signals from a built-in 
oscillator, to  zero phase difference. The receiver is of 
the fixed tune type and has no external controls so that 
it can be installed in any part o f the aircraft. The 
weight o f this apparatus i$ 30 lb. and it will operate 
satisfactorily from a small fixed aerial.

The range o f the Decca system is governed by the 
distance at which the space pattern will be displaced by 
more than one lane by the effect o f downcoming signals 
reflected from the ionosphere. With the frequencies 
used this occurs at a distance from the base line o f about 
470 miles, allowing for a reflection coefficient o f -3 and 
a terrain conductivity o f 10-13 E.M.U.

During the daytime the reflected signals are of 
negligible amplitude and the range is in excess o f 1,000 
miles.

Owing to  the reduction o f night effect on very low 
frequencies it would appear to  be possible to  use the 
Decca principle for the production o f a stable space 
pattern to  cover the N orth Atlantic by the use o f trans
missions on frequencies lying between 15 and 20 kc/s.

5. Two-way Communication and Direction Finding
between Ground Stations and Aircraft

5.1. The European Method o f  Communication and 
Direction Finding

In order to  exercise control over aircraft operating 
on air routes it is necessary to  be able to communicate 
with them at any stage o f a flight so as to pass instruc
tions and meteorological information. By the provision 
o f ground direction finders all communications between 
a ir and ground can be used as a means determining the 
position o f aircraft. This method forms the basis upon 
which aeronautical radio services in Europe and 
throughout the Empire air routes have been organised.

Originally all two-way combined communications , 
and direction finding were carried out on the 333 kc/s 
band and a range o f about 200 miles .only was required 
o f the aircraft transmitter, A dcock stations being 
used for direction finding.

The increases o f range o f non-stop flights have since 
made it necessary to arrange for the system to  be used 
on H /F also, and this is now the main navigational aid 
method for transoceanic crossings. For this kind of 
service the method approaches the ideal as on all such 
aerial journeys periodical reports from aircraft are 
essential in the interests o f safety, and it is thus possible 
for the position o f an aircraft to be progressively plotted 
from its normal report messages.

On the shorter air routes the method is inefficient 
and does not compare favourably with radio range 
or hyperbolic systems, as it is incapable o f providing 
guidance to more than one aircraft at a time which 
leads to delays under conditions o f large volumes of 
traffic.

5.2. Two-way Communication and Direction Finding 
between Ground Stations and Aircraft on Medium 
Frequencies

The reason for the choice o f M /F for European aero
nautical services seems to  have been primarily because 
a number o f D /F stations and associated transmitters 
were in existence after the 1914-1918 war, which were 
designed for this work and which could readily be put 
into operation. The original choice o f the M /F band 
was evidently made after consideration of its behaviour 
during daylight hours and its comparative freedom from 
the effects o f ionosphere reflections and interference.

Regrettably, very little thought seems to  have been 
given to  the difficulties which transmission from  aircraft 
on M /F would entail, an oversight which has ever since 
been a tax on the ingenuity o f airborne radio equipment 
designers. These difficulties arise because there is a 
practical limit to  the size o f the aerials which can be 
installed on an aircraft and on account o f the insulation 
problems which are encountered when designing small 
M /F transmission equipment o f the dimensions needed 
for aircraft. In order to  obtain the maximum radiation, 
the trailing aerial is used, but this is restricted in 
length to about 200 ft. for aerodynamic reasons and, 
therefore, cannot be a very efficient radiator.

5.3. The Aircraft Trailing Aerial at M/F.
As the aerial, even on the slowest aircraft, does not 

hang directly below, but trails behind, the effective 
height is low and measurements made by Fassbender10 
on 90 m.p.h. aircraft show this to  be o f the order of 
8 metres. On faster aircraft in the 200 m.p.h. category, 
the angle o f trail is even more acute and recent measure
ments11 show this to be o f the order o f only 3 metres 
at 333 kc/s. While communication range from the faster 
aircraft would not be affected, since under these condi
tions the radiation is predominantly in the horizontal 
plane o f polarisation, the effect on the range over which
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D /F  bearings can be taken becomes very much smaller 
and it is necessary to  increase the power o f the aircraft 
transm itter in order to  give the range required.

Even by operating valves at the highest possible 
efficiency, an anode efficiency o f not more than 70 per 
cent, to  80 per cent, is possible in an aircraft transmitter; 
there is also to  be considered the inefficiency o f the H.T. 
converters used to  transform  the 12 or 24 volt D.C. 
supply and also the current drawn for heaters. These 
factors place a limit o f power to the output circuit o f 
M /F transmitters o f about 150 to  200 watts in practical 
designs. The actual power output to  the aerial is, how
ever, very much less than this, as much o f it is absorbed 
in the loss resistances o f the aerial inductance and in 
the aerial/earth system o f the aircraft. The loss resist
ance o f the aerial inductance is directly proportional to 
the capacitance o f the aerial, the average value of 
capacitance o f a trailing type being between 300 and 
400 pF. Although at first sight the trailing aerial with 
its metallic counterpoise formed by the fuselage and 
wings o f the aircraft might appear to have a low loss 
resistance, in practice the resistance is o f a rather high 
value, usually of the order o f 10-15 ohms. This is 
found to be due to the eddy current loss, and is insuper
able owing to the trailing aerial being in very close 
proximity to the bottom of the fuselage at which point 
the largest current is concentrated. Another source of 
loss has been found to  be in the tube through which the 
aerial wire is led out o f the aircraft12. In addition 
to  these losses there is a dead loss in the aerial wire, as 
it is necessary for it to be constructed o f stranded steel 
wire in order to withstand strains met in flight. It will 
therefore be realised that the design o f the M /F aircraft 
transmitter output inductance is difficult, and every

effort must be made to obtain a very high Q ——̂ to
compensate for the dead losses in the aerial system, 
at the same time making it o f sufficiently small dimen
sions and weight for it to be suitable for airborne use.

The polar diagram of the trailing aerial has not been 
subjected to  very complete investigation, although the 
theoretical and probable directional effects are dis
cussed by Fassbender13 at some length. If it is assumed 
that the trailing aerial is similar to an inverted L type, 
it would seem reasonable to  suppose that it would have 
the polar diagram of this type o f aerial. At very short 
ranges from the receiving station it has been noted that 
the signal strength from the aircraft transmitter is 
greater when the aircraft is approaching than when it is 
receding from the receiving aerial, which tends to sub
stantiate this theory. Although the wave transmitted 
from the aircraft can be considered to be travelling 
along the surface o f the ground for the greater part o f 
the distance between the aircraft and the receiving 
station, it has been shown1* that the signal strength is, 
to  an extent, dependent on the altitude of the aircraft. 
F or approximate range calculations, however, the usual 
inverse distance formula with Austin Cohen correc
tion can be used.

A part from the electrical shortcomings o f the trailing 
aerial it has never been regarded favourably by aircraft 
designers owing to it constituting a source o f drag, nor 
has it been received favourably by airline operators, as 
it is known to be a source o f danger during thunder
storms and a collector of ice under certain meteoro
logical conditions.

5.4. The Aircraft Fixed Aerial at M /F
The frequent objections raised to the installation o f 

trailing aerials have caused aeronautical radio engineers 
to  consider the replacement of them by fixed and very 
much smaller aeria ls; these are rigged between a 
short mast and the tail unit.

The capacity o f the shorter aerial is lower than that 
o f the trailing type and a larger inductance is needed to 
tune the transmitter to M/F, therefore larger dead 
losses occur. The fixed aerial is also of very low effective 
height which seldom exceeds a value of one metre, this 
entailing for equal D /F range to  the trailing type, a 
power increase in the transmitter of about ten times. 
With present day technique this cannot be achieved in 
airborne transmitter design and a maximum power 
rating o f about 200 watts only can be obtained, with 
consequent reduction in range. At the present moment 
aircraft designers are reluctantly still obliged to install 
trailing aerials in their aircraft for useful M /F D /F 
ranges o f transmission and instead o f assisting the 
radio designer in developing fixed aerial M /F trans
mission equipment by incorporating aerial masts o f 
increased height, designers are tending to  eliminate the 
aerial mast altogether and are arranging for the aerials 
to be rigged direct from a deck insulator to  the tail 
u n i t ; such an aerial installation as this has, o f course, 
negligible effective height.

5.5. The Future o f  M /F  fo r  Aircraft Uses
The provision o f M /F transmission facilities from 

airaraft has always been regarded in the past as being 
essential on air routes which involve ocean crossings, 
owing to  the ease with which communication can be 
established with ships in the event o f an emergency. 
The reliability o f communications on H /F nowadays 
would appear, however, to offer possibilities o f more 
efficient emergency procedures, since upon receiving 
distress signals from aircraft, shore control stations 
could put into operation powerful transmitters which 
would be more likely to actuate the auto alarms on 
ships than the comparatively weak signals radiated on 
M /F by an aircraft. Consideration o f this factor may 
result in the abandonment of medium frequency trans
mission from aircraft altogether.

If  the use o f these frequencies is discontinued it will 
relieve designers of radio equipment for aircraft o f one 
o f their major difficulties. It will also find favour with 
aircraft designers as it will avoid the necessity for the 
complicated trailing aerial arrangements such as would 
be required on pressurised types o f aircraft.
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5.6. Two-way Communication and Direction Finding 
Between Ground Stations and Aircraft on H/F.

The advantages of using H /F for aircraft communica
tions were realised soon after the long distance pro
perties o f these frequencies were first discovered.

Their application to  aeronautic uses was, however, 
delayed until about 1928 owing to the imperfections of 
the methods used for the suppression o f ignition inter
ference from aero engines, a difficulty which made 
reception o f all but the strongest signals impossible. 
At about this time the whole technique of ignition 
interference suppression was improved by the intro
duction o f engine screening harness, and it became 
possible to  consider H /F reception in aircraft as being 
comparable to  that obtained on M/F.

Based on theoretical considerations o f propagation 
and with the knowledge of the ionosphere that existed 
at that time, independent investigators15’ 16 sought to 
find optimum frequencies upon which reliable com
munication could take place over fairly large distances 
between the ground and aircraft, it being realised that 
the ground wave from a transmitter would have a 
longer range to an aircraft at a normal operational 
altitude than it would have to  another ground station. 
Similarly, it was supposed that the direct wave from the 
aircraft would have a correspondingly larger range of 
coverage. It was then thought that critical frequencies 
could be found which would extend the range o f com
munication by the effect o f the downcoming ionosphere 
wave, as this would provide a signal at the point at 
which that o f the direct wave had ceased. As the result 
o f investigations of a thorough nature in the United 
States and in Germany it was found possible to  put 
these theories into practice and by the use o f certain 
frequencies, ranges o f constant contact between an 
aircraft and the ground o f up to 600 miles were achieved 
consistently, often with very low power o f trans
mission. Since these experiments were carried out a 
vast amount o f work has been done in the investigation 
of the behaviour o f H /F transmission and D /F with 
aircraft, and the whole technique is very fully under
stood.

5.7. The Aircraft Aerial at HIF

To an extent the problems o f aerial systems on air
craft at H /F are similar to those met when using M /F, 
although even in its worst case the aircraft aerial is 
always a better radiator on H/F.

For some years the trailing aerial was used for H /F 
transmission and reception, it being reeled out to  a 
length corresponding to a quarter-wave or half-wave 
o f the frequency in use. While there is no doubt that 
this represents the most efficient radiator for an air
craft transmitter, the method has gone into disfavour 
nowadays with the requirement o f operating on a 
number o f widely differing frequencies, and present-day 
communication is all carried out on the fixed fore and 
aft type o f aerial.

The characteristics o f the fixed aerials o f the average 
transport types o f aircraft are now known, and the 
methods o f determining them and typical resistance 
and reactance data have been shown by K iernan17 and 
H aller18’ 19. In the usual aerial the loss resistance which 
appears at M /F is o f a lower value on the band 2-20 
Mc/s, and can for all practical purposes be considered 
to be negligible.

Over this band o f frequencies, however, resonant 
and anti-resonant conditions are met and a very wide 
range of reactances is encountered, making it a require
ment for transmitters to  be capable o f being matched 
to  the aerial at certain frequencies as a very low im
pedance, while at other frequencies it must be capable 
o f matching to very high impedances.

Examination o f the characteristic curves o f aircraft 
aerials on the band lying between 2 and 20 Mc/s points 
to the relationship between the physical length and the 
resonant condition as being quite normal, and it is thus 
safe to  assume that an aerial o f a given length will 
resonate at a frequency which is closely related to  its 
physical s ize ; therefore the aerials are, at some fre
quencies, a quarter wavelength long, while at other 
frequencies they are a multiple or submultiple o f the 
wavelength. They are, in addition, rigged in very close 
proximity to  the fuselage and tail units, and conse
quently it has been found, as would be expected, that 
the polar diagrams for different frequencies vary 
considerably.

The determination o f the polar diagrams o f aircraft 
is, o f course, impossible with an aircraft on the ground 
owing to the reflection effects o f objects in close 
proximity to the aerial. Even under flight conditions it 
is difficult to  determine, as it will be affected by the 
height, direction o f flight and altitude o f the aircraft. 
The technique is therefore now to  use scale models 
with the frequency o f transmission from  the model 
increased to  appropriate value, this method having 
been proved to give accurate results.

To measure the polar diagram the model is mounted 
on a wooden tower and can be oriented to any position 
o f flight by remote control. The introduction o f this 
technique is of inestimable value when new aircraft are 
being designed and is now, according to  a published 
report20, in general use in the United States. A very 
interesting effect was recently discovered as the result 
o f tests o f this nature, that o f the modification o f the 
polar diagram on certain frequencies by the presence of 
dew and rain on the fuselage and wings o f the aircraft.

On modern aircraft it is often necessary to  erect two 
fixed aerials in order to  enable simultaneous trans
mission and reception to  take place at different fre
quencies. Under these conditions, being able to deter
mine the effect o the one aerial upon the other is 
valuable and the scale model technique may be used to 
advantage.

A form o f aerial which has made its appearance
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during the war is the whip type consisting of a vertical 
flexible rod about 6 ft. to 8 ft. long. This aerial is useful 
for such purposes as short range transmission, and 
has the advantage over other types o f being mechanic
ally somewhat unstable while in flight which prevents 

. it from becoming coated with ice, thereby eliminating 
the danger o f being broken off. On the H /F band 
from 3 Mc/s upwards this aerial has a high impedance, 
low capacity and a low loss resistance ; it can be con
sidered to  be a reasonably good radiator on the higher 
frequencies and to  have, if correctly sited, a symmetrical 
polar diagram.

The most recent development o f aircraft aerials for 
H /F  working is to eliminate the wire entirely and to use 
the wings of the aircraft as a shunt fed aerial. The basic 
requirement for radiation is for the total span of the 
wings to  be at least 40 per cent, o f the working wave
length, a readily fulfilled requirement on most twin- 
engined aircraft with the frequencies in general use. 
With this type of radiator the wing is fed by a wire from 
the transmitter to  a point on it found by experiment to 
be that which gives optimum results.

The characteristics o f the wing radiator are similar 
to  those o f a normal fixed aerial, the resistance over the 
H /F  band being o f the same order. The reactance over 
the useful transmission band o f a normal sized aircraft 
is, however, inductive only. The range o f transmission 
o f such an arrangement is found to compare favourably 
with that o f a fixed aerial, according to Haller21, and 
it would appear that further investigation might be 
made with advantage.

The disadvantage o f the shunt fed wing from  the aero
dynamic viewpoint is that the feeder wire must be led 
from the fuselage across the line o f flight to  the point 
o f attachment to the wing, in which position it is liable 
to collect ice.

There is now under review the project o f building 
aerials into the tail units of the larger aircraft, such tail 
units being constructed from insulating material. 
Should this project materialise the aerials will have the 
advantage o f being well sited and should have sym
metrical polar diagrams and also be impervious to ice 
accretion.

The plane o f polarisation o f transmission from air
craft fixed aerials must vary over the H /F band from 
vertical, at the lower frequencies, to horizontal at the 
higher frequencies ; that of the whip type must be 
almost entirely in the vertical plane o f polarisation.

No information is obtainable relating to the type of 
polarisation which is radiated from the shunt fed wing, 
but it would appear that this is almost all in the 
horizontal plane.

The fixed aircraft aerial when working on H /F 
radiates waves in different planes o f polarisation for 
different frequencies and it will be seen that both D /F 
and communication systems for aircraft require very 
great care in planning, as in the choice o f frequencies 
this factor has to  be considered in addition to the

normal factors o f ionosphere reflection and resultant 
range of transmission. If, for instance, a range of com
munication on a certain part o f an air route is required 
to  be 800 miles and it is found that a frequency must be 
used for this coverage which is radiated in a pre
dominantly horizontal plane from the aircraft using the 
route, consideration must be given to the erection o f a 
D /F receiving station which will respond to waves o f 
this type. y

Up to  the present time extensive study has not been 
given to this aspect of H /F direction finding, but with 
the increasing distances over which aircraft can now fly 
without refuelling there seems no doubt that it will 
eventually be necessary.

5.8. H /F  Direction Finding Methods
Under present-day conditions and ranges o f flight 

the majority o f H /F direction finding from aircraft 
signals is carried out on the 3 to 9 Mc/s band, Adcock 
D /F  being in general use at the ground stations. On 
these frequencies the radiation from the aerial of a trans
port type aircraft is predominantly in the vertical plane 
o f polarisation. With such frequencies ranges o f up to 
about 1,000 miles are possible as evidenced by Hodg
son’s22 illustration o f the D /F position plots obtained 
on an Atlantic flight in 1937. Since the compilation of 
these data improvements have been made in the tech
nique of cathode ray direction finders and H /F D /F has 
become a more exact science. Pulse technique has also 
been introduced which has the fundamental advantage 
o f indicating the signal which has taken the shortest 
path to the D /F  station. It is interesting to  note that 
pulse transmission from aircraft was generally adopted 
by the Luftwaffe to  obtain a high accuracy of bearings 
observed, as is shown by Edwards23.

A development of importance to direction finding 
from aircraft signals is the spaced loop direction finder 
which has the property, unlike the Adcock type, of 
being capable of obtaining an accurate bearing on signal 
of which the wave is either vertically or horizontally 
polarised. In this lesser known direction finder two 
loops are arranged so that they are capable o f being 
rotated together and when receiving a vertically 
polarised wave show four nulls, two from the position 
which makes the loop pickup zero and two from the 
position which make the phase difference due to spacing 
zero. When receiving a wave from a downcoming path 
from the ionosphere at a sharp angle, such as would 
occur on a first skip at certain frequencies, only two 
nulls appear which are due to the opposition of phase 
of the voltages induced in the loops by the downcoming 
wave.

Owing to the aerial arrangements o f modern aircraft 
and the different planes o f polarisation of waves radi
ated from them, it seems probable that the majority of 
development must be carried out on spaced loop 
ground stations designed to  be capable o f obtaining 
bearings from any H /F signals transmitted from air
craft.

261



J O U R N A L  O F  T H E  B R I T I S H  I N S T I T U T I O N  O F  R A D I O  E N G I N E E R S

5.9. H \F  Telephony Systems fo r  Aeronautical Commu
nications

Although stress has been laid on the use o f H /F  for 
the “ European method ”  o f direction finding and 
guidance o f aircraft, the uses to which it has been put in 
the United States for radio telephonic communication 
should not be overlooked. In this country, while the 
main channel o f guidance is from the radio range it 
still remains essential to  have communication to and 
from aircraft in order to  be able to  give landing in
structions and to  have some measure o f control in the 
vicinity o f crowded airports. To obtain this facility a 
system o f H /F radio telephony has been established and 
has reached a high state o f efficiency. It will be realised 
that the development o f telephony in the United States 
airways is likely to  remain a unique feature with them 
as in no other part o f the world would such an arrange
ment be possible owing to linguistic difficulties. While 
the general technical problems are identical with those 
encountered on the C.W. transmission systems, the 
ranges to be covered are considerably less and do not 
usually exceed 100 miles. In  order to obtain this range 
consistently and at widely varying altitudes of flight it 
was necessary to  select a frequency which fulfilled this 
requirement.

After a considerable amount o f experimental work had 
been carried out it was not found possible to  use a single 
frequency band for both day and night communication, 
and the system was standardised to operate on the 
6 Mc/s band during the daylight hours and the 3 Mc/s 
band during the hours o f darkness. Under these condi
tions the communication over the required range is 
accomplished by working on the direct wave for part 
o f the distance after which the downcoming wave 
from the first skip is used, the practical effect 
being for the signals to  reach a point where they 
weaken, at the limit o f range o f the direct wave, after 
which they increase in strength when the aircraft enters 
the zone where the strength o f the reflected wave is at 
its maximum. The whole basis o f the American 
system of aircraft guidance being to reduce the weight 
o f the aircraft radio equipment, a wireless operator is 
not carried and designs are centred around remotely 
controlled receivers and transmitters. In the most up- 
to-date airborne apparatus L/C oscillator circuits are 
avoided and crystals are used for the control o f master 
oscillators and also for the control o f the local oscilla
tors o f the receivers. The aerial tuning circuits are all 
o f the preset type and remote switching used to adjust 
taps on the tuning inductances o f the transmitters and 
to  place into circuit the necessary capacitance in the 
transmitter and receiver tuning circuits. This is in
variably accomplished by the manipulation o f a single 
switch which may be arranged to select as many as ten 
separate frequencies. The radio apparatus being for 
pilot operation, the ideal o f the designers is to provide a 
facility which resembles as nearly as possible a normal 
telephone, and circuits must be o f extreme stability and 
reliability to  achieve this.

Between the local and distant ranges o f communica
tion it will be realised that great differences in signal 
strength applied to the receiver input occur. It 
therefore becomes necessary to  provide an exceptionally 
good A.V.C. circuit, as following the telephone ideal, 
it is undesirable for the pilot to  have to  adjust a gain 
control at different stages o f the flight. Supplementary 
A.V.C. circuits are therefore included in the more 
advanced types o f receiver which limit the signal in the 
telephones to a comfortable level and which are usually 
associated with a quiescent type o f A.V.C. to  avoid an 
excessive background noise during the condition o f  
maximum receiver sensitivity.

5.10. Two-way Communication and Direction Finding
between Ground Stations and Aircraft on V.H.F.

The recent development o f aircraft communication 
and D /F operating on V.H.F. is o f very great value as 
it has provided a system which is almost entirely free 
from atmospheric disturbances, has a definite relation
ship between altitude and range, enabling common 
channels to  be used and provides a large number of 
channels in a small band and which is particularly 
acceptable to  aircraft designers owing to  the simplicity 
and smallness o f the aerials necessary on the aircraft. 
By virtue o f the very short wavelength it also simplifies 
the installation o f the complementary ground equip
ment, both for transmission and for D /F. Economic
ally the use o f V.H.F. is advantageous as the waves 
travel through space rather than over the ground and 
their attenuation with distance is not large, thus enabling 
small orders o f power to  be used both in the aircraft 
and ground transmitters.

The main application to  which V .H .F. has been put 
for aircraft use is for radio telephony, and it was used 
universally by the R.A.F. during the war for the control 
o f fighter aircraft.

It would seem that its application to  civilian airways 
must be for all telephonic communication in parts of 
the world where atmospheric interference prevents 
H /F and M /F from being consistently used.

5.11. Aircraft Aerials at V.H.F.
Unlike the aerials o f aircraft on H /F  and M /F those 

used on V.H.F. can be made to  be o f high efficiency 
over the whole band. They can be fitted without 
causing serious interference to  the airflow, it being 
possible to instal a full quarter wave aerial for 100 Mc/s 
which has a length o f about 2 ft. only. There are, 
however, certain phenomena encountered in the instal
lation of aerials for these frequencies in aircraft which 
do not occur in any other circumstances, the most 
marked one being the effect o f the propellers upon 
signals received and transmitted. The effect is for signals 
being received from a direction which passes through 
the arc o f a revolving propeller to  be modulated at a 
frequency which is the product o f the number o f blades 
and the number o f revolutions o f the propeller. 
Similarly, at certain distances from an aircraft, its
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transmissions will be found to have this modulation 
superimposed upon them. The effect o f this propeller 
modulation is particularly bad when an oscillating 
circuit is connected directly to the aerial, and precludes 
the use o f self-driven transmitters for aircraft com
munications.

This fundamental difficulty can best be overcome by 
placing the aerial as far from the propellers as condi
tions permit, but this may be at the expense of a symme
trical polar diagram and is not acceptable in all circum
stances. In many instances the effect can be almost 
entirely eliminated by placing the aerials at a position 
which is an odd number o f quarter wavelengths from 
the propellers.

On most aircraft it is difficult to site an aerial to  give 
freedom from the propeller modulation and at the same 
time to  obtain an omnidirectional polar diagram, the 
latter difficulty being due to the presence o f the metallic 
reflecting surfaces such as the wings, fuselage and tail 
units. On most aircraft the best all-round position seems 
to  be when the aerial is mounted on top o f the fuselage 
and usually at a short distance behind the trailing edge 
o f the main plane. Aerials mounted on the bottom of 
the fuselage appear to be extensively screened by the 
engine nacelles and are found to give non-symmetrical 
polar diagrams. It is not known whether the scale model 
technique has been applied to V.H.F., but there would 
seem to be no difficulty in its application. A great many 
experiments have been carried out in an endeavour to 
improve the symmetry o f the polar diagrams o f V.H.F. 
aerials on aircraft and in some cases several aerials have 
been installed in various parts o f the fuselage and con
nected to a common receiver in an attempt to overcome 
screening effects. Owing to the relatively small size of 
the average aircraft with relation to  wavelengths o f the 
V.H.F. band, these experiments have not produced 
good results owing to  phase differences between the 
aerials and the resulting overall polar diagrams are 
poor.

The major part of V.H.F. technique has been devel
oped round the use of waves in the vertical plan of pola
risation, the reason being that the installation of aerials 
o f vertical type is simpler on aircraft, also from con
siderations o f the polar diagrams which would result 
from practical installations o f horizontally polarised 
aerials.

5.12. The Range o f  V.H.F. Communications between 
Air and Ground

Experience has shown that ranges of, at least, the 
optical path distance can be expected consistently on a 
frequency o f 100 Mc/s indicating that distances of the 
order o f several hundred miles can be obtained in 
communication with aircraft flying at substratospheric 
levels. The fact that the aircraft must fly at a specified 
height to be within the area at which reception o f a 
given transmitter is possible is o f very great importance 
for aeronautical use, permitting, as has already been 
stated, an economy o f channels and it becomes possible

by suitable positioning o f ground stations to use com
mon transmission channels without risk o f interference. 
The investigation of Kramar and Hahnemann21 has 
provided sufficient data upon the relationship between 
altitude and range for air maps of the future 
to be annotated with the altitude to be flown to com
municate with given ground stations on V.H.F., 
although more recent data yet to be published may 
provide more accurate information. The great value of 
the zonal effect due to  the range/altitude relationship 
has been recognised in the United States as a solution 
to  many o f the difficulties experienced with the H /F 
system used at present, and according to recently pub
lished information25 steps are being taken to change 
the whole telephony system from H /F to V.H.F.

5.13. Ignition Interference to Reception o f  V.H.F.
Signals

While the V.H.F. band is almost entirely free from 
interference due to  atmospheric disturbances, it is very 
susceptible to  ignition interference from poorly screened 
aero engines and from inefficient bonding of metal parts 
on an aircraft. In  some aircraft which are free from 
ignition interference at H /F, reception at V.H.F. is 
found to  be impossible as the ignition noise is o f such 
magnitude that it masks signals completely. Similarly, 
a poorly bonded or loose engine cowling has been found 
to  cause considerable interference to  reception on very 
short wavelengths. This factor may be found to impede 
the use o f V.H.F. on the smaller aircraft, which, due to 
considerations o f cost, are less efficiently screened and 
bonded.
5.14. Airborne V.H.F. Equipment

The airborne equipment used for V.H.F. communi
cation during the war was o f conventional design and 
used crystal control for the drive valves followed by 
harmonic generators and crystal control for local 
oscillators in receivers. The equipments were designed 
for about six predetermined frequencies and the 
harmonic generators and output circuits were tuned by 
motor-driven variable condensers. Frequency selection 
was by press-button control. Efficient volume control 
and limiter circuits were included which eliminated the 
necessity for manual volume controls. Practical results 
showed that a receiver sensitivity o f 10  microvolts for 
50 mw. output met all operational needs, while an 80 per 
cent modulated 5 watt signal gave adequate range from 
the aircraft. In order to allow for temperature varia
tions with changes o f altitude and climate which 
affected the fundamental frequency o f the crystals, a 
bandwidth per channel o f 180 kc/s was adopted as 
standard.

Although the efficiency and performance of these 
equipments is completely satisfactory it is evident that 
they cannot be constructed without intricate mechanical 
switching devices for frequency changing, which results 
in the equipment being heavy, and their total weight is 
about 60 lb. The latest technique is, therefore, to 
eliminate the adjustable tuning o f the harmonic ampli
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fiers and output circuits and to  utilise broadband 
amplifiers both in receivers and transmitters, per
mitting o f a change o f crystal only for frequency selec
tion.

5.15. V.H.F. Direction Finding Methods
The simplicity o f the aerial arrangements required to 

obtain a quite useful bearing from aircraft signals on 
V.H.F. is remarkable, it being possible to determine 
the direction o f the origin o f a signal with a simple Yagi 
aerial and an elementary type of receiver. By the appli
cation of Adcock technique, bearings o f a very high 
degree o f accuracy can be obtained which are, of 
course, free from ionosphere reflection errors. It is, 
however, o f importance to site V.H.F. D /F  stations in 
positions which are clear o f any obstructions which 
might cause reflections such as those from buildings, 
trees and wire fences, which are strong at V.H.F. and 
can cause errors of large magnitude.

5.16. Two-way Communication and Direction Finding 
Between Ground Stations and Aircraft on U.H.F.

U .H.F. communication between ground and air and 
position finding appears to  have been a somewhat 
neglected field of development, principally, it is assumed, 
on account o f the value o f this band of frequencies for 
Radar and for instrument landing devices.

The work which has been carried out rather indicates 
that U .H.F. equipment on aircraft involves great 
difficulties in the siting o f aerials having an omni
directional polar diagram. In addition, some o f the 
propeller modulation problems become exaggerated 
and difficult to control. There is also the problem of 
frequency stability in the aircraft transmitters and 
receivers which is not easy to obtain using conventional 
circuits ; if  crystal technique is used it becomes neces
sary to  multiply existing crystal frequencies by over 
forty times for use on U .H.F. which must increase the 
size o f the airborne equipment substantially. It is 
therefore thought that except for specialised require
ments o f a military nature, such as communication 
between aircraft in flight and for collision prevention 
devices in civilian aircraft, this band o f frequencies will 
not be pressed into service until ether congestion 
becomes so acute that communication is forced to  take 
place on wavelengths which will accommodate more 
channels.

6. Landing Aids
6.1. The Difficulties o f Landing Aircraft under Con

ditions o f  Reduced Visibility
If  air transport is to compete seriously with other 

forms o f conveyance o f goods and passengers it must 
be capable o f adhering to strict time tables. This means 
that flights and landings must be possible under all 
weather conditions.

Such a requirement cannot be met by the use o f 
flying instruments alone, although they are adequate

for navigation when used in conjunction with radio aid 
during the stages o f the flight in which the aircraft is 
operating at normal altitude and cruising speed. The 
reason for this is that the discrimination o f both the 
compass and the altimeter is not o f sufficient fineness 
to  provide the information to  the pilot which he 
requires during a landing. Under conditions o f normal 
visibility this does not present any difficulty to  a pilot 
o f an aircraft as he is able to  make visual observations 
o f the ground to enable him to guide the aircraft to the 
runway with accuracy, and relies upon his judgment 
gained from experience, for the determination o f his 
height during the final stages o f the landing. If, however, 
conditions o f low visibility or thick fog are encountered 
at the airport, the pilot, having no opportunity of 
taking ground observations, cannot rely on the aneroid 
type altimeter nor upon the compass to  steer the air
craft in to a safe landing, and may be obliged to fly 
to another airport many miles distant before visibility 
is good enough for a landing to  be made.

Owing to  the shortcomings o f flight instruments 
during landings in poor visibility, radio aids have been 
investigated since they can be o f such form  as to  pro
vide an accurate approach path with “ milestones ” 
along it which indicate the position where the landing 
should be commenced and can also provide a guiding 
track at an angle to  the surface o f the ground which 
can be o f the required inclination for safe descent.

6.2. The Lorenz Blind Approach System

The first apparatus made available commercially, 
that due to  the German Lorenz A.G., appeared in about 
1933, and by the use o f directional transmitting aerials 
radiating on a frequency o f 33 Mc/s, provided an equi- 
signal course for guidance to  the runway which was 
radiated in such a manner as to lie at a small angle to 
the surface of the ground, the intention being to  pro
vide, on a single frequency, both course guidance and a 
glide path. The “milestones” or markers were pro
vided by two transmitters operating on the 30 Mc/s 
band situated at the point at which the descent'should 
be commenced and at the boundary o f the aerodrome. 
In this system visual presentation o f all the information 
required by the pilot was given from a single instrument 
in which was placed an indicator for course guidance, 
an indicator for glide path guidance and two lights 
which were switched on from signals received from the 
markers. While no special techinque was needed in the 
course guidance or marker transmitters as they were 
modelled on radio range practice, the arrangement 
for obtaining glide path  guidance deserves mention. 
The method was, in this instance, to fly the aircraft 
into the equisignal track and to  maintain a predeter
mined altitude until the first m arker signal was 
received. The pilot was then required to  keep the air
craft in the equisignal zone and, at the same time, 
manoeuvre it until the glide path indicator gave a 
certain reading which had to be maintained throughout
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the descent, this reading corresponding to  the signal 
strength at the lower edge o f the inclined lobe radiated 
from the transmitter aerials. Although this operation 
may appear to  be rather hazardous it must be remem
bered that in addition to  the information provided by 
the indicators, the pilot also used his experience o f the 
aircraft’s landing characteristics and was aware o f its 
approximate descent rate with a given set of control 
adjustments and was therefore likely to  make a reason
ably good approach.

From  this brief description o f the principles involved 
in using the Lorenz system it might appear that it 
provides the pilot with all the additional aid which he 
requires during a landing operation under conditions of 
low visibility or even fog. There are, however, certain 
difficulties which prevent it from doing so, foremost 
among them being the discrimination of the glide 
path indicator which could not, in its practical form, 
be o f such accuracy or fineness as to  indicate very 
small signal strength changes which during the final 
stages o f the descent are convertible into changes in 
terrain clearance. It was therefore possible, if attempt
ing a truly blind landing, for the pilot to interpret the 
glide path indication as meaning that the aircraft was 
within only a few feet of the ground when, in fact, it
was still sufficiently high for a stall to cause an accident. 
Similarly the pilot could also be led to  believe from the 
glide path indicator that the aircraft was still above 
ground and touch down at too steep an angle, or even 
before the runway had been reached.

Associated with this defect was also the effect of 
4 alteration of the glide path angle of inclination which

was found to occur when the surface o f the ground over 
iii which the transmitted wave passed in its early stages
p was covered with rain or snow, alterations o f as much
n as 3 deg. not being uncommon.

In some cases the siting of the transmitter presented 
difficulties due to the reflections from local obstacles 
causing interfering lobes, the practical effect of which 
was to  split the guidance beams and to  give false 
courses. Kramar and Hahnemann describe the diffi
culties experienced in the siting o f the Lorenz aerials 
at the airports o f Paris and Munich, due to multiple 
courses caused by the presence of gasometers and 
hangars near to  the airfields.26

In  spite of the defects o f the Lorenz landing aid it 
should be mentioned that at the outbreak o f the war 
forty installations were in operation at airports in 
Europe and that some were used in England. It should 
be noted, however, that there is evidence that British 
airlines did not base their time-tables upon the cer
tainty o f being able to land at a given airport under 
any conditions of visibility, although most o f their 
aircraft carried suitable receiving equipment.

0
jif*

6.3. Recent Landing Aid Developments.
,t i The improvements which have been made to landing
mill aids since the introduction o f the Lorenz system have

been effected in order to render the approach courses 
more stable and to provide a more satisfactory glide 
path.

The advances in V.H.F. technique have made it 
possible to fulfil the requirements of approach courses 
without difficulty, but the method o f obtaining glide 
path guidance from constant signal strength indica
tions has been discarded in favour o f an equisignal 
path in the vertical plane. This has the advantage of 
being stable and also o f laying a path which permits 
of a linear rate o f descent. The latter is a requirement 
of modern aircraft which must be flown under power 
until the wheels touch the ground ; with the Lorenz 
system it will be realised that the glide path is o f para
bolic shape and does not permit this form of landing.

The improved landing aid system requires a total 
o f four transmitters, consisting o f two markers 
radiating on 75 Mc/s, a course guidance or approach 
transmitter operating on the 100 Mc/s band and a glide 
path transmitter consisting of an R /F  source, operating 
at 330 Mc/s, which is fed to  the aerials producing the 
equisignal path. The separate glide path transmitter 
makes it possible to site the aerials to the side of the 
commencement o f the landing runway and to guide the 
aircraft to a touch down point which gives it the full 
length of the runway in which to come to  a standstill. 
The method o f producing the overlapping signals is 
to place the two radiating systems above each other, 
but as this requires a mast which can cause an obstruc
tion to an aircraft which is slightly off the approach 
course, experiments are being carried out with glide 
path transmitters operating on 700 Mc/s, with which 
small parabolic reflectors can be used for the produc
tion o f the equisignal track .27 (See 10—References.)

The required accuracy o f guidance of landing aids 
is for the approach course to be laid out to  within an 
accuracy of i  deg. relative to the far end o f the runway 
and for the glide path to  be within \  deg. o f a pre
determined angle, the inclination o f which should be 
between 2£ deg. and 3 deg. to the horizontal. This angle 
permits of a rate o f descent o f 460 ft. per minute at 
120 m.p.h .28 (See 10—References.)

6.4. Equipment and Installation Requirements o f  Landing 
Aids

The design o f airborne equipment for the reception 
of signals from landing aid transmitters does not have 
as a requirement a need for high sensitivity as the 
ranges of operation are not great. An exceptionally 
high degree of stability and reliability is, however, 
essential because a failure o f a unit or abnormal 
operation might not become apparent in time to avoid 
the disastrous results of false guidance indications 
while attempting a landing in conditions o f reduced 
visibility.

The installation of aerials on an aircraft for the 
reception o f landing aid signals is not difficult to 
accomplish satisfactorily, because an omnidirectional
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polar diagram is not needed, it being sufficient to  provide 
an unobstructed signal path in the direction o f flight of 
the aircraft. F o r this reason it is general practice to 
instal them in the forward part o f the aircraft. The 
marker aerials, only being needed to  receive from 
beneath the aircraft, are installed on the bottom  o f the 
fuselage and consist o f dipoles, stood off from the 
metal fuselage by small insulators, and no attempt 
is made to  obtain a high performance from them.

6.5. Future Development o f  Landing A id Devices
While it would seem that the V.H.F. landing aid 

system must have considerable merit by virtue of its 
widespread use, it must be realised that what is required 
by pilots is a device which enables them to have dis
played before them in the cockpit o f the aircraft a 
picture o f what lies in the path o f the descent to  a 
sufficient distance ahead for them to  manoeuvre to  a 
safe landing. This does not present insuperable diffi
culties if radar technique is used, and it is logical to 
suppose that it is in this direction that future develop
ment will be concentrated. f
7. Flight Aids
7.1. The Shortcomings o f  Flight Instruments

The normal means o f indicating the altitude of an 
aircraft is to  show the height above sea level through the 
medium of a simple aneroid type instrument. Atten
tion has already been drawn to the shortcomings o f this 
type of indicator when wishing to  read small changes in 
altitude, it being dependent upon atmospheric pressure 
for its operation. It should also be pointed out that 
it is affected to  an extent by temperature variations. 
With the requirements o f modern flying these defects 
cause it to  be inadequate for the many different 
manoeuvres which a pilot is called upon to  perform. 
The most simple example o f this inadequacy may be 
taken as in the circumstances when a pilot wishes to 
descend through cloud which is obscuring the ground, 
and does not know his exact whereabouts. In  this case 
the cloud may be very near the ground and unless 
provided with an indicator of terrain clearance or 
absolute altitude, the pilot may, in the process of 
attempting to break cloud fly the aircraft into the 
ground.

7.2. Radio Terrain Clearance Indicators
The shortcomings of the aneroid instrument have 

therefore made it necessary to  provide terrain clearance 
indicating devices which can only be realised through 
the medium of radio.

To achieve a practical design, use has been made of 
the reflecting properties o f very short waves, these being 
transmitted from the aircraft and reflected back from 
the ground immediately below the aircraft. Although 
a very simple arrangement can be made to operate by 
the use of pulses and cathode ray presentation, there 
are practical difficulties which prevent the installation 
of even a small tube on the pilot’s instrument panel,

and a system which enables the indicator to  be of 
standard flying instrument size has, therefore, been 
developed. In  the best known o f these devices, the 
basic principle which seems first to  have been proved 
and made known by M atsuo-9, the apparatus consists 
o f an U .H.F. transm itter and aerial on the aircraft 
which is frequency modulated. Associated with this 
is a receiver, the aerial o f which is placed in such a 
position that it permits direct reception of the radia
tion from the transm itter and also of reception o f waves 
which have been reflected from the ground and returned 
to  the aircraft. Since the transm itter is frequency 
modulated there will always be a frequency difference 
between the wave which is received directly from the 
transmitter and the wave which is received after 
reflection from  the ground immediately below the 
aircraft, this frequency difference being directly pro
portional to the height o f the aircraft above the ground. 
Thus, the altitude indicator must take the form o f a 
frequency indicator in order to provide the necessary 
information. In the early models o f terrain clearance 
indicator a moving iron voltmeter was used for this 
purpose in which the discrimination was of a high 
order at small ground clearance, and o f a low order 
when the clearance was of a safe value, by virtue o f the 
frequency discrimination o f this type o f instrument. 
This was later replaced by a more accurate indicating 
instrument in which an electronic frequency counter 
circuit was employed, such an arrangement forming the 
basis o f apparatus now used. This improvement is, 
however, not obtained without an increase in compli
cation in the equipment, as it entails the use o f a 
stabilised voltage supply and additional valves asso
ciated with the counter circuit. The all-up weight of 
such a device is about 30 lb., but as the accuracy is of 
the order of 10  per cent, at all heights, the additional 
weight is well justified. In  the instrument, which is 
almost universally used for indication, the scale covers 
270 deg. in order to  obtain the maximum discrimi
nation. To increase further the accuracy o f the instru
ment, the circuit includes a range switch which enables 
the full scale reading to  be divided or multiplied as 
required.

It will be appreciated that the need fo r a terrain 
clearance indicator is only great when at comparatively 
low heights above the ground, such as the condition 
already described, or when making an approach to 
land. A lesser known type of indicator which does not 
indicate very great ground clearances should, therefore, 
also be mentioned, the capacity type. In  this device 
the height above the ground is measured by determi
nation of the very small capacity which exists between 
an aircraft and the ground below. In  its practical form 
the apparatus comprises two plates mounted on 
insulators below the aircraft which have a small capa
city between them and the fuselage, and also between 
the two plates remote from the fuselage. There also 
exists a capacity between each plate and the ground 
which can be considered as a variable quantity with 
changes o f height and which can be considered as a
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capacity in parallel with the fixed capacity between the 
two plates below the aircraft. While this capacity is 
of small magnitude, and must also vary by an infini
tesimal amount with height changes, it has nevertheless 
been found possible to measure it with accuracy, and 
without apparatus which is too delicate for inclusion 
in an aircraft, practical instruments having' been 
produced and used with success.

Another use for the terrain clearance indicator which 
has been suggested is to  employ it as a rough position 
indicator when flying along a radio range. In this 
application it is used in conjunction with the aneroid 
altimeter, and by flying at a constant height shown on 
the aneroid instrument, the undulations o f the ground 
below can be followed with reference to  contour maps, 
thereby indicating the position along the range.

7.3. Radio Collision Warning Devices
Although not at present available in commercially 

made form, a requirement o f aviation is a simple 
device for the prevention of collision with other aircraft. 
TJiis is a constant danger when flying along radio 
ranges, under which conditions many aircraft are con
centrated within narrow limits o f space in the sky. 
In the United States the procedure adopted to  avoid 
this is for aircraft flying on ranges in different directions 
to operate at different altitudes ; owing to  the condi
tions o f weather and ice formation levels, this is 
obviously not an infallible procedure. There is also the 
additional danger o f a faster aircraft overtaking and 
colliding with slower aircraft travelling in the same 
direction.

The best method o f providing anti-collision warning 
is still undecided. If the convention is adopted that the 
smaller types of aircraft must give way to the larger 
types by virtue of their more rapid manoeuvrability, 
it means that small apparatus must be devised ; owing 
to  the payload o f the smaller aircraft being restricted 
it is not possible to carry heavy apparatus; While the 
obvious solution to  the problem seems to  lie in radar, 
it must be borne in mind that cathode ray presentation 
will be involved, and that the associated apparatus is 
of appreciable weight ; in its present state of develop
ment this seems to preclude the use of radar, although 
it will, without doubt, be used ultimately.

A solution to  the problem might be to adopt the 
principles described in an American patent in which 
aircraft are equipped with transmitters o f which the 
frequency is determined by the altitude o f the aircraft 
through a mechanical control of tuned circuits by suit
able gearing to the altimeter. This device also arranges 
for the receiver tuning to vary with altitude, and there
fore any aircraft travelling between certain limits of 
height will transmit warnings and will be capable of 
receiving them. While this would in all probability 
give a degree o f collision warning while flying radio 
ranges, it would not be capable o f giving sufficient 
warning when off range courses. The inventor has

therefore included a further facility o f indicating the 
direction in azimuth of the transmitting aircraft which 
emits a distinctive modulation for each course by an 
arrangement o f a circuit associated with the compass.30

How far progress has been made in the development 
o f a practical collision warning device is not known, 
but it should be stated that in the author’s opinion 
such apparatus is one o f the most urgent needs of 
aviation, and must become eventually a standard item 
o f safety equipment in all aircraft.

8. General Problems of Aeronautical Radio Engineering
8.1. The Noise Level in Aircraft

As would be expected, a very high noise level 
prevails within the fuselage o f an aircraft, this being 
caused by the revolving propellers, the rotation of the 
engines, the exhausts and the effects of the slipstream on 
the thin walls of the aeroplane. Owing to the different 
nature o f the sources of the noise it covers the whole 
audible frequency spectrum. It is therefore difficult 
to exclude from the ears o f the users o f the radio 
equipment and from microphones used for telephony 
transmission, necessitating special design of equipment 
to render both received and transmitted signals 
intelligible.

To understand the basic problem, the behaviour o f 
the ear under various conditions o f sound level and 
external noise interference should be considered. 
Primarily the effect known as “masking” takes place, 
which is that if a low frequency sound of large volume 
is impressed upon the ear it renders it less sensitive 
to sounds of higher frequencies. In  the practical case o f 
an aircraft this may be interpreted as meaning that the 
ear is de-sensiiised to speech frequencies to some extent, 
by masking due to the large volume of sound from the 
exhaust, which is o f a low frequency lying between 
50 and 250 c.p.s. I t therefore becomes necessary to 
augment the volume o f sound in the telephones to a 
higher level than normal at speech frequencies, in order 
to overcome the masking and to  make the speech o f 
sufficient volume to be understood.

The exhaust is, however, not the only sound o f large 
amplitude which causes masking in an aircraft. The 
higher frequency sounds from the propeller tips and 
blades also have to  be considered, with their attendant 
masking effects and the necessity for a further increase 
in the volume o f the wanted sound in the telephones 
for it to be understood. This brings the point of opera
tion o f the ear near to the condition known as the 
“ threshold o f feeling” which, if  reached, can cause 
some pain to the listener and considerable fatigue after 
a short period of listening. When the “ threshold of 
feeling” condition is being approached the character
istic of the ear undergoes a change, and it responds 
more readily to  the lower and higher frequencies o f the 
audible spectrum than to  the middle frequencies, giving 
rise to an overload condition at a lower level for the 
higher and lower frequencies, while being capable o f
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standing its maximum volume o f sound at the middle 
frequencies. This makes it necessary to  design the 
“ listening” equipment comprising A /F circuits and 
telephones to eliminate the higher and lower frequencies 
o f the signals received so as to  avoid masking from 
them when applied to  the ear from the telephones at 
the large volume necessary. In  addition, efforts must 
be made to eliminate so far as is possible the externally 
generated sounds, but as the mean volume o f these is 
sometimes o f the order o f 120  phons it is difficult to 
accomplish with an ear pad or helmet o f a size which is 
comfortable to  the wearer.

The characteristic o f frequency response o f the 
telephone output may at first sight appear to be poor 
if  the method described is followed, but the human 
ear is found by test to be accommodating, and it has 
been noted that complete elimination of all frequencies 
below 700 c.p.s. and above 2,500 c.p.s. only decreases 
speech intelligibility by about 15 per cent., and the 
method o f restricted response is generally adopted for 
aircraft work. Under the conditions o f flight with the 
highest possible external noise, the quality and intel
ligibility o f speech from audio frequency amplifiers and 
telephones of these characteristics is remarkably good. 
The actual power applied to the telephones for intel
ligible listening appears to  be a question which has never 
been agreed upon, and it is noteworthy that in the 
specifications o f a number o f receivers for airborne 
use described by M organ31 the maximum A /F output 
is found to  vary between 10 and 700 milliwatts. 
Although in many cases the low value of output may 
be found to  be adequate, it is the author’s opinion that, 
at least, 100 milliwatts should be available, owing to the 
progressive de-sensitising o f the ear which o.curs in 
flight due to the continual high level o f noise applied 
to  it. The maximum degree of de-sensitising seems to 
be about 35 per cent, to 40 per cent, according to 
C. B. M irick32 who made a series o f measurements on 
a number o f aviators. Mirick’s paper gives an inter
esting example o f the danger o f providing inadequate 
output to  the telephones of an aircraft receiver and 
states that it is generally considered that it was this 
which caused an early Atlantic flight to  fail, the operator 
being unable to hear any signals after many hours of 
flying and therefore being unable to  provide naviga
tional assistance to  the pilot.

As the telephones need only respond to a restricted 
frequency range, no difficulty is found in adapting 
simple types o f earpiece for airborne use, and most 
types will be found to peak at about 1,000 c.p.s.

Microphones o f the carbon type are considered by 
the Air Ministry to  be unsuitable for airborne work, 
being subject to  vibration, but they are still used in the 
United States. An electromagnetic type is used 
throughout the R.A.F. While this microphone is less 
sensitive than the carbon type, and requires more 
amplification to develop a useful voltage for modula
tion purposes, it has an inherent lack o f response to

the lower frequencies, and simplifies the problems o f 
eliminating external noise from speech transmission 
from aircraft.

The throat microphone or laryngaphone was at 
one time thought to  be a suitable solution to  the 
problem o f the finding o f a satisfactory speech trans
mitter for airborne use, but according to  H echt33 is 
considered by the Air Ministry to  constitute a danger 
to  the wearer when flying under conditions o f reduced 
pressure, such as would be met at high altitudes, and 
has, therefore, been discarded.

8.2. Static Electricity Interference to Radio Reception
Although reception o f radio signals in aircraft is 

subject to  interference from static electricity disturb
ances and “ man-made” static, the most serious inter
ruption is caused by an effect amost exclusive to  flying 
which was formerly known as rain static, but is now 
known as precipitation static on account o f the condi
tions under which it is met in practice.

Interference originating from this source does not 
cause the crackling sounds usually associated with 
static disturbances, but takes the form  o f an uninter
rupted tone, the mean frequency and amplitude of 
which vary while the conditions last, and it can be 
likened to the sound of M.C.W.

The cause o f this kind o f interference was uncertain 
for some years, and was thought to  be due to  charged 
drops o f rain or snow striking the aerial o f the aircraft 
and discharging to  the airframe through the receiver 
input circuits. This theory was substantiated by its 
being noted that the sounds were only heard when the 
aircraft was flying in cloud, that reception was always 
better when the loop aerial was used, and that the 
amplitude o f the interference could be reduced by 
flying at a slower speed. These methods o f reducing inter
ference were, however, not always successful, and 
led to  an investigation being made in order to  ascertain 
its real cause, and to  find a more effective method of 
reducing it.

This investigation showed that an aircraft assumed 
a charge equal to  the potential o f the area through 
which it was flying, no interference being audible during 
the process o f charging, as the voltage gradient o f the 
air is gradual under normal conditions. If, however, 
the aircraft, having assumed the normal potential of 
the air at the height at which it was flying, flies into a 
raincloud o f which the potential is different, such as 
occurs under the meteorological condition before a 
thunderstorm, its normal charge will be unequal to 
that o f the cloud and it will adjust itself to  the new 
conditions ; as there may be a very large difference in 
potential, the charging or discharging o f the aircraft 
will be accompanied by corona, in itself the chief cause 
o f the interference to  radio reception .34

In order to reduce the effects o f corona it is usual 
to  fit devices to the wing tips and tail units o f aircraft, 
which are designed to  dissipate the discharges and
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reduce their effects. These devices consist o f a resistance 
fitted to  the structure of the aircraft to  the end of 
which is connected a number o f fine discharging wires. 
The theory of operation o f this discharger is to  reduce 
corona by slowly dissipating the charge o f the aircraft 
fuselage through the resistance, also to localise the 
discharge at parts o f the aircraft remote from the 
aerials.

Due to  the varying potential o f some clouds met in 
flight it has been found possible for one part o f an 
aircraft to  be in a positively charged part o f it and 
another in a negatively charged part, causing large 
currents to flow through the airframe and making it 
o f importance to  ensure that the electrical bonding of 
all metal parts is capable o f meeting these abnormal 
conditions.

8.3. Vibration
As a result o f installing engines o f great power on 

the comparatively small structure o f aircraft, con
siderable vibration is set up throughout the airframe ; 
this may be in the latitudinal, longitudinal and vertical 
modes, and o f varying amplitudes in different parts of 
the fuselage. Sound waves o f great strength are also 
generated by the engines which can cause sympathetic 
vibration in various parts o f the aircraft, and in such 
items as the components o f radio equipment. It is 
therefore necessary to instal all radio equipment for 
airborne use on mountings which can absorb the 
vibrations and to  construct certain components to be 
unaffected by vibration from either mechanical or 
acoustical sources.

Closely allied to vibration problems are those 
relating to  the severe stresses which anti-vibration 
proof mountings must be capable of withstanding 
during the landing, take-off and taxi-ing of an aircraft, 
a requirement which make it necessary in practice to 
effect a compromise between strength and efficient 
vibration absorption.

For many years all airborne radio equipment was 
suspended by elastic cords which were attached to the 
airframe, and which allowed the instrument cases to 
float with large clearances between them and adjacent 
parts of the aircraft. This method, although giving satis
factory freedom from vibration transmitted directly 
through the aircraft, takes up excessive space, and has 
now been superseded by mountings which are designed 
to absorb vibrations in specially processed fixings in 
which rubber of the correct cross section is attached 
to metal, which is capable of withstanding the severest 
shocks o f landing and take-off. The positioning of the 
attachments is arranged to effect some cancellation of 
vibrations, and the effective absorption is based upon 
this correctness o f positioning. The combined absorb
ing effect o f the rubber isolating feet and positioning 
can be made sufficiently effective for it to be possible 
to mount most components directly to a chassis sus
pended in this manner with the exception o f variable

condensers on H /F equipment. The design o f cases 
for radio equipment for use in aircraft must allow for 
them to be substantially unaffected by sound waves 
striking them if undesirable microphony is to be 
avoided. Basically, this necessitates their being con
structed of heavy gauge material, but owing to weight 
considerations this cannot usually be fulfilled. The 
technique is, therefore, to strengthen them by using 
“ aircraft” methods o f strengthening sides and panels 
by ribbing them or to place vibration absorbing cork 
mats inside them.

Consideration of vibration problems may in some 
cases restrict the efficie'ncy of design of certain compo
nents such as inductances, it being necessary to support 
the windings, which tends to increase dielectric losses. 
I t  is also necessary to secure the winding to the supports 
very firmly as any looseness of turns may give rise to 
undesirable modulation effects from vibration sources. 
Similarly variable condensers and fixed condensers o f 
the air dielectric type must in many cases be constructed 
with abnormally wide plate spacing, and of rather more 
robust design than is met in other types of radio 
apparatus.

The restrictions imposed upon components o f these 
types by vibration have tended to cause designers in 
many cases to  use crystal control for local oscillators in 
receivers, and for master oscillators in transmitters, 
and where possible to use iron dust cored inductances.

8.4. Aircraft Electrical Power Supplies
The nature and size of electrical power systems in 

aircraft must always be closely linked with the instal-: 
lation of radio equipment, and in many instances this 
is the factor which limits the basic design o f trans
mitters.

During the early era of civil aviation the electrical 
supply of an aircraft o f a constant speed windmill- 
driven generator mounted on the wing which provided, 
while in flight, a low voltage output for charging an 
accumulator and also supplied high tension for the 
radio transmitter and receiver. In the interests o f aero
dynamic efficiency this was abandoned when faster 
types o f aircraft were introduced and was replaced by 
low voltage direct current generators which were 
driven from the engines and provided for loads o f the 
order o f 500 watts.

Owing to the wide variations of engine speed met in 
practice, constant voltage generators have come into 
general use which enable several generators to be con
nected in parallel as would be required on multi
engined aircraft. The method o f obtaining the constant 
voltage is almost universally to  use the well-known 
carbon pile regulator. The D.C. voltage is standardised 
at a nominal value o f 24 volts, but apparatus is nowa
days designed to operate at maximum efficiency at a 
voltage o f 29, this being the usual value across the 
accumulator terminals under conditions of charge 
when airborne.
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The weights o f the engine-driven generators are 
remarkably low, a typical 3-kW. generator having a 
weight o f 32 lb. only. The weight o f the aircraft 
accumulators is high, however, the standard 24-volt 
aircraft type weighing about 100 lb. ; this is due to 
the requirements o f airworthiness which necessitates 
their being unspillable, and therefore rather bulky.

The H.T. supply for transmitters is obtained from 
rotary converters driven from the low voltage aircraft 
system. These types o f power supply are also used for
H.T. for most types o f receiving equipment, although 
vibrators are sometimes used. The efficiency o f both 
the rotary converters and the vibrators seldom exceeds 
50 per cent., and if the weight o f the average smoothing 
components is included, the total weight o f the power 
supply apparatus for airborne radio transm itters and 
receivers will be found in most cases to be high.

The variation in supply voltage between the condition 
met in flight when the accumulator is being charged 
and the condition on the ground, when the engines are 
stopped, presents a difficult problem to designers o f 
radio apparatus for aeroplanes ; this is o f the order of 
a 15 per cent, to 16 per cent, change, which occurs 
directly to  the valve heaters and indirectly to the high 
tension circuits. Since a number o f items of the air
borne apparatus are remotely controlled and must be 
set up on the ground, it will be appreciated that pre
cautions have to  be taken to ensure that the setting 
up is carried out under the conditions o f input voltage 
which are met in flight.

The immediate solution o f this problem is to  provide 
means for external connection o f accumulators which 
have an output voltage equal to that obtained from the 
power supply when airborne. This solution is only 
partial, however, as occasions can arise when the power 
supply voltage is too low and cannot be increased, such 
as would occur when a flying boat is forced to alight 
upon the water, in which circumstances the pre-set 
adjustments would probably be found to be incorrect 
for efficient operation o f the equipment.

In  order to  solve this problem in a more satisfactory 
manner attention has of recent years been turned to the 
provision o f a small generating plant with its own petrol 
engine housed within the aircraft fuselage, and a 28-volt 
generator o f 5 kW capacity has been made available 
with a weight o f 140 lb. This represents a substantial 
loss in payload when compared to the generator driven 
by one of the aircraft engines, and would not appear 
to  be an economical project except in the largest types 
o f aircraft. In addition, it must be realised that an 
independently driven generator does not give a constant 
power output at all altitudes unless it includes a super
charger which, o f course, involves additional weight. 
When comparing the respective merits o f the two types 
o f primary power supply it must be appreciated that in 
the event of failure o f the generating plant the whole 
electrical system fails, while with the engine-driven 
generators the load can, in the event o f stoppage o f an

engine, be distributed among the generators driven by 
the remaining engines.

The ultimate solution to  the problems o f aircraft 
electrical supplies may be to  use alternating current 
in place o f D.C., but before it can entirely supplant the 
older method many difficulties will have to  be over
come, involving not only radio apparatus but also 
flying instruments and the various services in which 
direct current motors are used.

The main advantages o f alternating current supplies 
in aircraft are that they will enable the accumulator 
to  be dispensed with, and that by transformation, 
voltages over wide ranges will be available at any part 
o f the aircraft. I f  high periodicities are employed the 
necessary transformers can be o f light weight, this also 
applying to  such smoothing equipment as may be 
needed. A real, though not readily apparent, advantage 
o f alternating current lies in the simplification of 
maintenance o f electric motors working from this type 
o f supply when compared to  D.C., and the fact that 
the power supply apparatus for the radio equipment 
will not require so much attention.

In applying alternating current to  aircraft a difficulty 
is at once met when considering the method o f pro
viding the primary power to  the generators. I f  they are 
to  be driven from the aircraft engines a speed variation 
ratio o f about two to one will have to  be allowed for 
in order to meet the engine revolution conditions 
between take off and cruising ; such differences in the 
speed of the generators will result in wide variations 
in the periodicity o f supply, all o f which will have to be 
allowed for in the design o f associated apparatus. If  
this condition is met in a satisfactory manner there will 
be the further problem of operating several generators 
in parallel from the different engines and the diffi
culties o f synchronisation o f their frequencies.

It would therefore appear that if alternating current 
is to be used it will entail the use o f a separate engine 
within the aircraft fuselage as a prime mover, and 
that this will have to be duplicated to allow for con
tinuation o f electrical supply if  the one generating 
plant fails.

At the present stage o f development o f aircraft it is 
not possible to dispense entirely with D.C., as this is 
required for various instruments connected with flight 
and engine performance indication. In order to satisfy 
the requirements for both types o f supply, an installa
tion which is o f interest has been made in the Short 
Shetland type flying boat, comprising duplicated 60 h.p. 
generating plants, each delivering three-phase alter
nating current at 110 volts, 250 c.p.s., and each with 
total output of 20 kW, also D .C. at 29 volts, with 
a total output o f 3 kW. In this installation it is 
not intended to run both generators with their 
outputs in parallel, the duplication being primarily to 
provide for the event o f breakdown, although it is 
stated in a published description35 that under operating 
conditions the plant not under load is arranged to  idle
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and can be switched into circuit immediately it is 
needed. The total weight o f the electrical power plant 
on this aircraft must be o f the order o f 1,000 lb., 
including the accumulators, and amounts to between 
1 and 2 per cent, o f the total weight o f the aircraft. 
While this weight may appear to  be large, it is not 
possible to  assess the economics o f the electrical system 
as a whole without a complete specification o f the 
aircraft, as much may be saved not only in the elec
trically operated services but by the replacement o f some 
hydraulically operated services by small electrical 
motors, fed by very small conductors in place o f the 
heavier hydraulic pipelines, all o f which may result in a 
considerable overall saving in weight.

9. Conclusion
The paper has endeavoured to provide an introduc* 

tion to the applications o f the radio art to  aeronautics, 
and to  describe some o f the technical and practical 
problems which have to  be considered by those respon
sible for this im portant work.

Stress has been laid throughout upon the imper
fections o f aeronautical radio equipment and installa- 

t tions and upon the unsoundness o f some o f the
systems used. It will, therefore, be clear that there is a 
necessity for development in the future for the improve
ment of equipment, and that there is a need for a more 

B scientific approach to  some o f the problems encoun
tered, not only in the design o f apparatus, but also in 
the planning of systems for radio aid to  aircraft.

In formulating an opinion o f the future trends of 
development o f aeronautical radio, the primary con
sideration should be the forms which air transport will 
take, the nature o f the regular flights which will be 
made, the trends of future aircraft design, and the 
requirements of airline operators, particularly from the 
economic viewpoint. The basis upon which air trans
port will operate appears to  be that there will be a large
volume o f traffic between the main towns in most 
countries and that there will be a less dense volume o f 
traffic between continents, involving flight over oceans 
and over long distances.

Owing to  the likely introduction o f gas turbine 
engines in the near future, higher speeds can be expected 
on all types of aircraft, and in consequence the require
ments o f streamlining will be more exacting, entailing 
a reduction o f aircraft aerial sizes to  the minimum 
dimensions possible.

The ideal o f the airline operators will doubtless be 
to operate aircraft to time-tables in all possible weather 
conditions and with the maximum safety, necessitating 
the use o f all types o f radio aid. In spite of this require
ment the weight o f radio apparatus will be under close 
scrutiny, as it will represent to the owners o f the aircraft 
a reduction in payload, and the demand for lighter 
apparatus will continually be made.

In order to  meet the needs o f the airline operators it 
would seem desirable to consider designs which would

save weight by combining the four distinct services 
which radio can provide in equipments in which com
mon power supplies, audio frequency amplifiers, and 
in some cases intermediate frequency amplifiers are 
included, instead o f having separate self-contained 
equipments such as are included in present-day designs 
o f airborne apparatus. The objection sometimes raised 
to  this scheme is that it reduces the safety factor o f the 
installation, for if a component fails the whole o f the 
radio service ceases to  function. If  this objection is 
accepted it shows a weakness in radio technical know
ledge as a whole, admitting a lack of understanding of 
the causes o f failures and their prevention. In this 
field it is considered that knowledge is lacking, and 
that it is a phase o f radio engineering that has an 
important bearing on the future design o f airborne 
apparatus. At the present moment a universal radio 
guidance system does not exist which will enable the 
pilot o f an aircraft to  fly to  any destination knowing 
that the radio facilities at the point of departure are 
o f the same type as those at the destination. An 
example may be taken from the case o f an aircraft 
flying from Europe to the United States o f America.

In this instance M /F two-way communication and 
D /F  are used while in the area o f European control, 
H /F is used whilst over the Atlantic, and upon approach
ing and flying over the American continent radio 
ranges and H /F  telephony are used.

In addition, the landing aids used in Europe differ in 
principle and frequency to those used in the U.S.A.

In view o f the amount o f radio apparatus which is 
needed to  utilise the facilities at different stages o f a 
flight a standardisation o f systems is clearly necessary, 
present conditions calling for unduly complicated 
installations and being very uneconomical. This unsatis
factory state is now recognised officially, and is among 
the reasons for the various international conferences 
which have recently taken place. The task before these 
conferences is immense. Ground organisations for 
aeronautical use already exist in most civilised coun
tries which must be modified or dismantled before a 
unification of systems can be achieved. It is therefore 
difficult to  forecast whether the ideal will ever be 
achieved, or how much time must pass before its 
realisation.

Among the essential changes which must take place 
it would appear that V.H.F. communication must 
supersede all other methods o f local control owing to 
its many advantages. Similarly, hyperbolic navigation 
is essential to  modern flying when time-tables must be 
adhered to and large volumes o f traffic are concen
trated in small areas.

In  the field o f technical development radio engineers 
have yet to  produce a landing aid which can be installed 
in all types of aircraft, and which will permit o f landing 
under all conditions o f poor visibility. When this is 
accomplished air travel will doubtless supplant all
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other means o f travel over distances in excess o f two to 
three hundred miles.

The aeronautical industry and air lines will also 
await a collision warning device which is suitable for 
installation in all types o f aircraft, and which will give 
useful and timely warning o f obstructions in the path 
o f flight.

Finally, a new application for electronics in aviation 
is foreseen when aircraft are developed to  fly at super
sonic speeds as under these conditions certain vital 
flying instruments o f the type at present used do not 
work satisfactorily. The time may come, therefore, 
when radar and radio will not only indicate where an 
aircraft is flying, but will also indicate the manner in 
which it is flying.
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to  Approach and Landing.”

29. S. Matsuo. “ A Direct Reading Radio Wave 
Reflection Absolute Altimeter for Aeronautics.” 
Proc. I.RtE.E., July, 1938, p. 848.

30. A ircraft Installations. The Wireless World, Sept., 
1944, p. 284,

31. H. K. M organ. “ A ircraft R adio.”  Pitman 
Publishing Co., New York, pp. 181-271.

32. C. B. Mirick. “ The Effect o f Flight on Hearing.” 
Proc. I.R.E., Dec., 1929, pp. 2283-2296.

33. N. F. S. Hecht. “ Radio in Aviation.” J.I.E.E., 
Vol. 85,' pp. 215-241.

34. Precipitation Static. The Wireless World, June 
22nd, 1939, pp. 587-589.

35. Shetland Auxiliary Power Plant. “  The Aeroplane.” 
June 1st, 1945, pp. 628-629.

if ! • . '
NOTE.—Frequency classifications are in accordance 

with British Standards Glossary o f Terms 
used in Telecommunication. B.S. 204 : 1943.
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Automatic radio compass presentation and 
remote control unit. (Sperry gyroscope photograph.) A section o f  a Decca hyperbolic map.



S T U D E N T S H I P  R E G I S T R A T I O N S

STUDENTSHIP REGISTRATIONS
Since April 1st, 1946 (the beginning of the Institution’s year), a total of 177 proposals have been received up 

to the end of 1946.
The following were registered as Student members of the Institution at meetings of the Membership Committee 

held on November 26th and December 17th, 1946. A total of 46 proposals for Studentship were considered at these 
meetings and the General Council has now confirmed the following registrations.

ADAMSON, Thomas Fearnley 
AYRE, Thomas

BARTON, Francis Allan 
BERRY, Ker
BERTOYA, Hastings Charles 
BURNELL, James Douglas 
BURNETT, Reginald George, 

M.B.E.

COOKE, Arthur Sheffield POOLE, Lloyd William London
COWLIN, Michael Laidlaw Rickmansworth PRABHAKAR, Vedula Chakardharpur,
CROW, Stanley George London India
CULLINGTON, Sidney Albert 

John
Llandudno PURDON, Reginald David James London

DAVISON, Clifton John Frederick Whitley Bay
REIDY, Kevin John 
RIESEL, Herbert

London 
Tel-AvivDEAN, John Granville Woodhouse, Notts ROSE, Frank Edwin Baldock

RUBENSTEIN, Gerald LondonFAULKNER, Derek Charles London

GEORGIOU, Chiistos Nikitas Limassol, Cyprus SEK, Stanislaw Ipswich

HIGGINS, Frank Manchester TALBOT, George Kenneth Blackburn
HOBERT, Matthew Alexander Jerusalem THOMAS, William Derrick Rutherglen
HULME, James Lanarkshire THOMPSON, Michael Raymond Douglas,
HUMPHREYS, Edward Kenneth Torpoint, Corn Isle of Man

wall TURSKI, Stefan Fife, Glasgow
HUSTON, Alexander Edward Manchester TWISS, Jeffrey Gordon Victoria, Australia

JOHNSON, John Badnera, India VINCENT, John Huddersfield
KERSHAW, Harry Felixstowe

WADDELL, William Angus, Glasgow
LEHANE, Donal Co. Cork B.Sc.(Hons.)
LIGHT, Thomas Rochdale WILKINSON, Stanley Henry Hounslow

N.B.—One of the present regulations governing registration of Student members provides that the candidate shall 
satisfy the General Council as to  his general education. In general, this has necessitated the candidate having passed 
an examination equivalent to the Matriculation examination of any approved University, with science subjects.

In  considering possible revisions to  various Articles, the Council of the Institution, at their meeting on November 
29th, 1946, resolved that later this year, there should be an Extraordinary General Meeting for the purpose of passing, 
if approved, further alterations to  the Articles. These alterations will include provision that instead of reintroducing 
the old Preliminary Examination for those wishing to  become Registered Students, future applicants for Studentship 
must have passed the Common Preliminary Examination of the Engineering Joint Examination Board, or one of the 
examinations recognised by the Board for the purpose of obtaining exemption from the Board’s Examination.

The Engineering Joint Examination Board was established in 1938, and is supported by nearly all the leading 
engineering Institutions of the country. Further details regarding this examination may be obtained from the 
Secretary of the Institution, or from the Honorary Secretary of the Engineering Joint Examination Board, Great 
George Street, Westminster, London, S.W .l.

Southport
Hetton-le-Hole

Stockton-on-Tees 
London 
Hornchurch 
Cape Town 
Croydon

MANNIX, Timothy Patrick 
MAY, Bernard Calverley 
M cDONNELL, Patrick Joseph 
McLENNAN, Douglas George, 

B.Sc.(Eng.)
MILLER, William Aikman

NOONAN, William Edward

Lancaster 
Chatham 
Tipperary 
Grieff, Perthshire

Edinburgh

Liverpool
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N O T I C E S
Brit.I.R.E. Journal Volume VI (New Series)

This issue of the Journal completes Volume VI (new 
series). A Subject and A uthor Index will be circulated 
within the next six weeks to  all members who normally 
receive the Journal.

In  response to  many requests, a Subject and A uthor 
Index is also being published to  cover Journal Volumes 
2 to  5, inclusive— 1941 to  1945. A copy of this index 
will be sent to  members on request, but it is im portant 
to  note that Volumes 2 and 3 (new series) are now 
entirely out of print. The only copies available to 
members are those which may be borrowed from the 
Institution’s Library.

A few copies of Volume 1 (new series) (1939/40) are 
still available, price 10 s. 6d., post free, and copies of 
Volumes 4, 5 and 6 are also available, in bound form, 
a t 12s. 6d., post free. Requests for all or any of these 
volumes must be accompanied by the appropriate 
remittance.

1947 Component Exhibition
The R adio Component Manufacturers Federation 

are holding their 1947Exhibition at the Royal Horticul
tural Hall, Greycoat and Elverton Streets, Westminster, 
S.W .l, during the period March 10th to 13th, 1947.

The exhibition, which is private, will be opened to  
visitors, by invitation only, from 10  a.m. to 6 p.m. 
daily, during the four days Monday to Thursday, 
inclusive. Tickets may only be obtained from the 
R adio Component Manufacturers Federation, 22 
Surrey Street, W.C.2.

Physical Society—Acoustic Group
A meeting will be held in the Jarvis Hall of the Royal 

Institute of British Architects, 66 Portland Place, 
London, at 3 p.m., Wednesday, February 19th, 1947, 
to  discuss the formation of an Acoustics Group of 
the Physical Society.

Membership of the groups is available at a nominal 
sum to  members of other societies, and there is pro
vision for G roup Membership by firms.

All those wishing to attend the meeting should send 
their names to the Acting Secretaries, Mr. A. T. Pickles 
and Mr. W. A. Allen, the Physical Society, 1 Lowther 
Gardens, Prince Consort Road, London, S.W.7.

1947 Radio Exhibition
The Radio Industry Council announces that Radio- 

lympia—the National Radio Exhibition—will be held 
from  October 1st to  October 11th, 1947. Present plans 
are that there will be a pre-view on September 30th.

Radio Industry Council
Soon after the Radio Industry Council was formed 

in 1944, it was decided that a Technical Directive 
Board should be formed representing the four consti
tuent associations to act in an advisory capacity to the 
Council. A Technical Executive Committee was also 
set up to carry put the day-to-day technical activities 
o f the radio industry.

Meetings were instituted between Industry and the 
Inter-Service Components Technical Committee, which 
later became the Radio Components Standardisation 
Committee, with Mr. Hecht as Chairm an and Mr. 
W hitehead as Secretary. M uch work was also done 
relative to the standardisation of screw threads, valves 
and to matters affecting the users of radio apparatus.

In the im portant field of ship-borne radar theTechnical 
Directive Board has been able to  resolve the question 
o f the official view regarding the most suitable wave
length for general purpose navigation and to  eliminate 
doubts about the efficiency o f the 3 cm. system.

North-Western Section Committee
Messrs. C. W. Miller and H. Whalley (Associate 

Members) have found it impossible to  continue as 
joint Secretaries to  the North-W estern Section Com
mittee and in their place, Council' has now appointed 
Mr. George C. Turner, B.Sc. (Associate).

Communications for Mr. Turner should be addressed 
to  1 Coleridge Road, Manchester, 16. Mr. Turner’s 
private telephone number is Chorlton-cum-Hardy 
4520 ; during normal business hours, he may be 
obtained at Failsworth 2000, Extension 200.

Members of the Section have responded well to the 
questionnaire circularised by the Committee as a result 
of which, it is now proposed that a sub-centre be 
formed for the Liverpool and Merseyside district ; 
first meetings in Liverpool are to  be arranged for the 
1947/8 session and offers of papers from members in 
the area will be particularly welcomed by the North- 
Western Section Committee.

The next meeting of the North-W estern Section will 
take place on February 5th, 1947, at the College of 
Technology (Reynolds Hall), Manchester, 1, at 6.45 p.m. 
Mr. R. A. Lampitt (Associate Member) will then give 
his paper on “  D.C. Amplifiers.”

GRADUATESHIP EXAMINATION
SUPPLEMENTARY PASS LIST—MAY, 1946 (Final List)

Passed Entire Examination 
H OD GK IN SON , John Thomas Mombasa
M IDDLETON, Eric John Johannesburg
MILLER, George Bertram Johannesburg
SARIN, Jagdish Chandra Bombay
SEHPOSSIAN, Haig Cairo
WOODS, Alfred Walter Ray Cape Town
W ULKAN, Alfred Jerusalem
WATT-BRIGHT, John Robert Deniliquin,

N.S.W.
Passed Parts /, I I  & II I  

LATIF, Moiz Ebrahim Bombay
Passed Part I I I  only 

BEAUCHAM P, Kenneth George Calcutta
DICKM AN, Matthew Colin Johannesburg

Passed Part I  only 
ABOBA, Joseph Julian Cairo
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Founded 1864

TELCON PRODUCTS
fotThe, T̂ adt// or TilerrJtotr Ifu/ddJPuê

■ -  ■ -—

R. F. CA BLES

with TELcothene insulation
A  co m p le te  ran ge o f  co -a x ia l and  tw in  T elcon  cab les is  

ava ila b le  lor th e  R e cep tio n  an d  T ran sm ission  o f  R ad io  

F req u en c ies  up to  th e  cen tim etre  ran ge. C A P A C IT IE S  

ex ten d  u pw ard s from  10 f y j i F /f t .  w ith  C H A R A C T E R IS T IC  

IM P E D A N C E S  o f  from  15 o h m s to  150 o h m s. A T T E N U 

A T IO N  from  0 .1  d b /1 0 0 -ft . a t  100 M c/s . is  p rov id ed  b y  

th e  a ir-sp aced  ty p e s , so lid  d ie lec tr ic  ty p e s  ran g in g  from

0.95 d b /1 0 0 -ft . to  6 .5  d b /1 0 0 -ft . a t  100 M c/s. P O W E R  

H A N D L IN G  c a p a c ity  o f  th e  va r io u s ty p e s  is  from  1KW  

to  20K W  a t 10 M e s. F or fu rth er  d eta ils  a p p ly  for R .F .  

brochure.

M w m e t a l

M AG N ETIC SCREENS

h u l l  d e t a i l s  o n  r e q u e s t  t o  t h e  S o l e  M a n u f a c t u r e r s  :

THE  T E L E G R A P H  C O N S T R U C T I O N  & M A I N T E N A N C E  CO.  L T D .
H e a d  O f f i c e :  2 2  O L D  B R O A D  S T R E E T ,  L O N D O N ,  E . C . 2 .  T e l e p h o n e :  L O N d o n  W a l l  3 1 4 1  
E n q u i r i e s  t o :  T E L C O N  W O R K S ,  G R E E N W I C H ,  S . E . I 0 .  T e l e p h o n e :  G R E e n w i c h  1 0 4 0

T h e h igh  p erm ea b ility  o f  M U M E T A L  m ak es it th e  o u tsta n d 

in g m ater ia l for th e  p rod u ction  o f  all ty p e s  o f  m agn etic  

screens. W e are in  a p o sitio n  to  fa b r ic a te  b o x es  and  -h ie ld s  

o f  p ra ctica lly  a n y  shap e or size  for th e  screen in g  o f  d elica te  

eq u ip m en t from  u n i-d irec tio n a l and  a lte rn a tin g  m agn etic  

flu xes. A  com p le te  ran ge o f  stan d ard  M U M E T A L  sh ie ld s is 

a lso  ava ila b le  to  m ee t th e  sp ecia l req u irem en ts o f  th e  radio  

an d  e lectron ic  in d u str ies . O ur tech n ic a l ex p er ts  w ill b e  

p leased  to  a ss ist  in  th e  so lu tio n  o f  a ll screenin g p roblem s. 

Y our en q uiries are in v ite d .

(xxiv)



W H E N T H E L O A D

U4£  STERLING ffU tu fK e*
THE LITTLE FLEX THAT DOES A M A N - S I Z E  J O B !

This new STERLING development is the ideal thermo-plastic 

insulated flexible for all purposes where the required current 

carrying capacity does not exceed one amp. W e w ill gladly 

send you samples for test and prices on request.

COLOURS OR COMBINATIONS OF COLOURS: BLACK 

WHITE • BLUE BROW N • CLARET GREEN

GREY ■ MAUVE RED • YELLO W  ORANGE

STRANDED CONDUCTOR B.V.C. INSULATED

STERLING CABLE CO. LTD QUEENSWAY ENFIELD MIDDX. TEL.: HOWARD

m

CABLES 0F\ QUALITY

Printed a t T he B aynard  Press by Sanders Phillips & Co., L td ., C hryssell R o ad , L o n d o n , S .W .9.



EVERY MILE OF THAT 
LONG, LONG ROAD ...

EL ALAMEIN, Tunis, Sicily, Rome, Normandy, and over the Rhine . . .
Bulgin Components have travelled every mile of that road.

W ith the tanks and the guns, in the planes that blasted the way 
ahead, in the little ships that covered our landings. It was a long, 
bitter road, through dust, heat and sandstorms. A road that 
stretched so far, through rain and cold and slush, that only the 
strong could make it.

Those hardships were Bulgin’s finest test. W ith everything 
against them, grit, mildew and rough handling, they did their 
job. Right from the word ‘ go ’ until the white sheets were 
fluttering in Berlin.

You could not buy that Bulgin Coil, Condenser or Resistor 
you wanted while they were on vital work. You couldn’t rebuild 
your equipment or start planning for new. Now the news is 
good news.

BULGIN COMPONENTS
ARE ON THE MARKET AGAIN

A steady trickle , no t  much a t  first, but  enough to  be going on with. Ministry r eq u i re 
m ents  are  tapering  off. That means m ore  for  you at  home, m ore  for  e x p o r t  overseas.
W in te r  evenings and Bulgin com ponents  to  build th a t  equ ipm en t  are  something  special

to  look forward to.

Y O U ’LL N O W  BE GETTING

BULGIN
RADIO  & TELEVISION COM PONENTS

A. F. BULGIN & CO. LTD., BYE PASS ROAD, BARKING, ESSEX
Tel. : RIPpleway 3474 (5 lines)

(Ü)



H O I  i " ' h Ali'S

The secret is the 
T O T A L  foil edge 
B O N D E D  w i t h  
cap.

(Patented con struction)

Sim ple  offsetting of 
e a c h  f o i l  l a y e r  
makes possible the 
bonding of the total 
foil edge to the cap 
ends.

'HE small size of the Hunt Type L .44 

Capacitor is the direct result of mechanical 

efficiency. W ith a better contact, the patent end cap 

bonding reduces length and diameter, whilst increasing 

robustness and electrical efficiency. Moreover, simplicity 

in manufacture and economy in materials makes the 

type L.44 a lower priced, as well as better, high 

self-resonant capacitor.

c a p a c i t o r s )

A.  H .  H U N T  L T D  . L O N D O N  . S . W.  18 . E S T A B L I S H E D  1 9 0 1

(iii)



V O R T E X I O N
“ SUPER FIFTY W ATT”
A M P L I F I E R

30 cps to 15,000 cps w ithin | db. under 2%  distortion  at 40 w atts and 1% at 15 watt.
Electronic m ixing for m icrophone and gram ophone of either high or low  impedance w ith top  
and bass controls. O utput for 15/250 ohm s w ith generous voice coil feedback to  m in im ise speaker 
distortion. N ew  style easy access steel case gives recessed controls, m aking transport safe and 
easy. Exceedingly well ventilated for long life. Am plifie r com plete in steel case as illustrated  
with built in 15 ohm  mu-m etal shielded m icrophone transform er tropical finish. Price 29^ gns. 
Chassis only with valves 25^ gns. o r com plete w ith fitted m icrophone transform er 26^ gns. 
Laboratory model 10 cps to 35,000 cps in above case 42 gns.
Special 8-way m ixing unit for use with any am plifier but in particular the super fifty watt. It  is 
fitted in steel case standard instrum ent grey to match above amplifier and can be assembled  
with same to form  one unit. Standard model for six 15 ohm  m icrophones and two high or low  
impedance pick-ups (with switched record com pensation) built in m u-m etal shielded transform ers 
and m etering jacks for each valve. Price com plete for A .C. M a ins 27| gns.
C.P. 20A-I5 watt A m plifier for 12 V o lt  Battery and A .C . M ains operation. Th is im proved version  
of the old C.P. 20 has switch change-over from  A.C . to D.C. and “ stand by ” positions, and only 
consumes 5£ amperes from  12 V o lt  Battery.
Fitted mu-metal shielded m icrophone transform er for 15 ohm  m icrophone, and provision for 
crystal o r m oving iron pick-up with tone control for bass and top and outputs for 7.5 and 15 ohms. 
Com plete in steel case with valves. £22 10s. Od.

V O R T E X IO N  LTD.
257/261 The Broadway, Wimbledon, S.W .I9
Phone: L IBerty  2814-6128. Telegram s V O R T E X IO N  W IM  L O N D O N . ”

(iv)



THE MOST FAMOUS SET MAKERS ARE ACA/H FITTING

MAZDA
RADIO VALVES AND 

CATHODE RAY TUBES
because of their

PERFORMANCE AND 

RELIABILITY

THE FILAMENT CURRENT OF 
T H E  M A Z D A  V P . 23 IS 
EXCEPTIONALLY LOW ; IT IS 
ONLY 50mA.

ITS MUTUAL CONDUCTANCE 
( 9m -l.3mA/V ) IS REMARKABLY 
HIGH FOR A VALVE HAVING 
SO  L O W  A F I L A M E N T  
CONSUMPTION.

THIS VALVE MAY BE USED 
AS A REPLACEMENT IN THE 
CIVILIAN WAR-TIME RADIO 
RECEIVER.

THE EDISON SWAN ELECTRIC COMPANY LIMITED 155, CHARING CROSS ROAD, LONDON, W .C.2

(V)



RICHARD THOMAS & BALDWINS LIMITED
W I L D E N  IR O N W O R K S ,  STO U RPORT-O N-SEV ER N, W O R C S.

(vi)



non-corrosive flux. No extra flux 
required.

•  Speedily makes sound joints on 
oxidised surfaces.

•  Most economical solder to use to 
ensure sp eed  in production and 
freedom  from “ d r y ” or “ H.R.” 
joints.

The only Solder Wire with 3 cores of flux

Firms a re  invited to w rite for com prehensive technical 
information, including useful tables of m elting points, etc. 

Sent free  with testing sam ples.

MULTICORE SOLDERS LIMITED
C om m onw ealth  H ouse, N ew  Oxford Street 
London, W .C .l. T e l.: C H A ncery 5121-2

S ingle r e e l  r a te  nom inal 1 lb . r e e ls .

13 s w g  - - 4/10
16 SWG - - 5/3

A bove p r ic e s  su b jec t to u sual t r a d e  d iscoun t.

± cw t.— ton lots at b u lk  ra te . 6 d . c a rto n s  
fo r hom e u se , ava ilab le  at m ost g o o d  rad io  
an d  e lec trica l d e a le rs , iro n m o n g e rs , e tc .

(vii)
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I HE Services and war-time 
industry are familiar with the 
high standard of dependable 
accuracy of “ AVO  "  Electrical 
Testing Instruments. They will 
be an equally dominant factor 
in the post-war rebuilding of 
our great industries and the ad
vancement of amenities worthy 
of a world at well-earned peace.

viii)



t

AS( y  H E S E i n s t r u m e n t s  h a v e  b e e n

primarily developed for use in Meter  

Test  Rooms, Research Laboratories and 

W o rk s  Testing D epar tm ents .  They are 

sufficiently robust  to  withstand severe  

industrial use.

The m ovements are of th e  iron-free 

dynam om eter  type  o r  of the  D ’Arsonval

P U L L I N
moving coil type,  and have a high to rq u e  

to  weight ratio. They are  well damped, 

but will respond to  m inute  changes of 

supply. They are effectively shielded 

from the  influence of external  magnetic 

fields, by a double  mu-meta l shield.

P O R T A B L E

S U B -S T A N D A R D

I N S T R U M E N T S

M E A S U R I N G  

I N S T R U M E N T S  

( P U L L I N )  L T D .

All correspondence to be addressed to 
P h o e n i x  W o r k s ,  G r e a t  W e s t  R o a d .  B r e n t f o r d ,  M i d d l e s e x  Ea l i n g  0011

(ix)



NG-Lít AfftlALS
for CLEAR VISION 
and a SOUND JOB
Television and other aerials are already in production, many 
thousands have been sold, arrangements are being finalised with set 
makers, some of w hom are discussing the possibility of riggers under
taking television aerial Installations in and around London. W e  
invite enquiries from all readers. Have you an aerial problem ? N ot  
forgetting signal to  interference ratio and communal H.F. 
amplification.

1. S K Y R O D  — 12 and 18 ft. vertical aerials, complete with lashings 
o r  fixing to  poles normally supplied by us (when available).

2. S K Y T O W E R  —35 ft. lattice mast, topped by 18 ft. “ Skyrod ,”
giving 37 ft. effective collector. Ideal for large buildings, relay undertakings, etc.

3. V I E W R O D  — Television aerials with and w ithou t  reflector 
normally supplied with pole (when available), and all lashings.

4. W I N R O D  — Vertical aerial 9 ft. for use in flats, etc., o r  w here  
access to  roof is considered undesirable. To fix on window ledge, very versatile 
fixing arrangements.

5. C A R O D  — Highly polished stainless steel car aerial 
extendable  rod for  fixing to  car.

6. A E R O D  —Vertical aerial 6 ft. complete  with heavy 
bakelite moulded insulator,  designed in conjunction with Office 
of W o rk s  and officially specified for  use on prefabricated houses.

BELLING t  LEE LTD
CAMBRIDGE ARTERIAL ROAD, ENFIELD. M ID DX



Manufactured by
ERG RESISTORS LIMITED

1021a, FINCHLEY ROAD, LONDON, N . W . I I
P H O N E :  S P E E D W E L L  6967

(xi)



Atypical OSRAM 
photo cell type 
CMG8, with many 
peace time 

applications.

c

po S S

H ullo  S k ip p e r ,  fla re s  g o n e— and the aircraft climbs away setting  
course for base, its reconnaissance pictures safely locked in the  
automatic camera. For the white-hot brilliance of the bursting 
flares operated a tiny OSRAM photo cell which automatically 
actuated the camera mechanism, permanently recording the  
panorama below.
OSRAM valves w ere  in the forefront o f  electronic developm ent  
during the war, and will bring to  the pursuits of peace many well 
tried electronic devices to  speed, smooth and make safer our way 
of life.

Q sragi £ & C .
PHOTO CELLS CATHODE RAY TUBES

« 5 5 ,
Mrt. o f  The General E lec tr ic  Co. Ltd., M agnet House, K ingsway, London. W.C.2

(xii)



C O N N O R
MUL T I P L E  
RECORDER

for the 

PHOTOGRAPHIC  
IN V ES T IG A TIO N  
OF TRANSIENTS

with

CATHODE RAY TUBES

This equ ipm ent  is th e  latest  deve lopm ent  in th e  use of sealed-off C a thode  Ray Tubes in 
Multiple Recording technique as p ioneered by Cossor.

The robust  design is intended to  make it suitable for  field tests ,  including Traction Recording,  
Marine and M otor  testing and o th e r  industr ial  investigations.

The equ ipm ent  comprises a Model 440Twin Tube Unit using t w o 4 j i n .  dia. Double Beam Tubes, 
a Model 423 Film Camera  Unit and a Model 430 Drive Unit. It provides s imultaneously four  
independen t  records plus one  central e lectro-optical t im e  marking on 70 mm. unperfora ted  
film o r  paper.  By means of interchangeable gears a n d /o r  m o to rs  a film speed range of 
0.005-250 cms/sec.  is obta inable  with  a tu b e  sp o t  wri t ing  speed up to  2 kms/sec.

T wo o r  t h r e e  units may be m ounted  one  above th e  o th e r  and driven by th e  single Drive Unit 
t o  provide up to  a maximum of tw elve  s imultaneous records plus t h r e e  t im e /e v e n t  markings.

A. C. COSSOR LTD
INSTRUMENT DEPT.

HIGHBURY GROVE L O N D O N ,  N.5
T elep h o n e :  T e leg ram s :

C A N o n b u ry  1234 (30 lines.) Amplifiers, Phone, London.
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I N S T I T U T I O N  M E E T I N G S

INSTITUTION MEETINGS
The Committees o f the various Sections o f the Institution, in conjunction with the main Programme and Papers 

Committee, are now preparing for the 1946/7 session o f meetings which, in all Sections, will commence in September/ 
October, 1946. The new session marks the twenty-first year of the Institution.

It is again intended to publish a Programme Card for each Section, and this part o f the work o f the Programme 
and Papers Committee will be considerably assisted by members lodging well in advance manuscripts o f the papers 
offered for reading before various Sections.

The following meetings conclude the 1945/6 arrangements :—

LONDON SECTION
(All Meetings will be held in the Lecture Theatre, the 
Institution o f  Structural Engineers, Belgrave Street, 

London, S. W .\, commencing at 6.15 p.m.)

March 20th, 1946

A Paper by
Dr. R. L. Smith-Rose 

on
“ The Effects o f Solar Eclipses on the Ionosphere ”

April 17th, 1946

A Paper by 
Hilary Moss, Ph.D. (Associate Member) 

on
“ The Electron Gun o f the Cathode Ray Tube—

Part II ”

May 20th, 1946

A Paper by
S. W. Amos, B.Sc. (Associate Member) 

on
“ Receiver Aerial Coupling Circuits for Medium Waves”

MIDLAND SECTION
(Both Meetings will be held at the Birmingham Chamber 
o f  Commerce, 95 New Street, Birmingham, commencing 

at 6.15 p.m.)

February 20th, 1946
A Paper by 

S. W. Amos, B.Sc. (Associate Member) 
on

“ Receiver Aerial Coupling Circuits for Medium
Waves ”

March 27th, 1946
A Paper by 

F/Lt. C. Bovill (Associate Member) 
on

“ Aircraft Radio ”

xiv

NORTH-EASTERN SECTION

(All Meetings commence at 6 p.m. and are held in 
The Neville Hall, Westgate Road, Newcastle-on-Tyne)

March 13th, 1946

A Paper by
D. H. Towns, B.Sc., and C. Ollerenshaw, B.Eng., 

on
“ Carrier Current Protection ”

April 10th, 1946

A Paper by 
H. Armstrong 

on
“ Ship’s Distress Automatic Alarm Apparatus ”

NORTH-WESTERN SECTION

(All Meetings are held at the College o f  Technology 
(Reynolds Hall), Sackville Street, Manchester, 1, 

commencing at 6.45 p.m.)

February 26th, 1946

A Paper by 
R. Spears (Associate Member) 

on
“ Gold Film Electrodes for High Frequency Quartz 

Plates ”

March 26th, 1946

A Paper by
S. W. Amos, B.Sc. (Associate Member) 

on
Receiver Aerial Coupling Circuits for Medium 

Waves ”



A compact portable amplifier, 
12  volt battery operated, designed 
for easy mounting in a car. 10 
watts undistorted output from 
microphone or gramophone.

A portable amplifier, capable of 
providing an undistorted output 
of 20 watts. Separate volume 
controls for microphone and 
pickup. Functions from AC 
mains or from a 12  volt accumu
lator when used in conjunction 
with B.S.R. Vibrator Power 
Unit type VP 60A.

The model AG 4 “ Ampligram ” 
is a 10  watt amplifier and electric 
gramophone combined in a port
able carrying case. Provision 
has been made for using either a 
moving coil or crystal micro
phone. AC Mains operated.

BUILT FOR 

REPRODUCTION

BIRMINGHAM SOUND REPRODUCERS LTD.
O L D  H I L L  S T A F F S  • T E L E P H O N E :  C R A D L E Y  H E A T H  6 2  12

L o n d o n  O f f i c e :  1 1 5  G O W E R  S T R E E T .  W . C . / .  P h o n e :  E U  S 7 S I S

P R E C I S I O N  

B U I L T  I N S T R U M E N T S
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1 9  2  2

Extract from  
THE STORY OF BROADCASTING  

A. R. BURROWS

2 LO  first came on the air and, 
later in the same year, I was 

associated with the promotion 
of my Company to manufacture 

Insulated Instrument W ire  and 
provide immediate - personal- 

attention to the multifarious 
requirements of a rapidly pro 

gressive science.

Close co-operation with Radio 
Research and deve lopment ,  

linked with rapid production 
methods and prompt service, 

have been for 24 years and will 
remain the policy of my 
Company.

“ In th e  spring of 1922 a rival 
to  W r i t t l e  appeared in the  
field at  uncertain  intervals. 
This was a sta tion known as 
2 LO, a 100-watt se t  contained 
in a small teak  cabinet,  and 
housed in the  cinema thea tre  
on the  top  floor of Marconi 
House, London. This set, 
which was of a n um ber  of 
s tandard transmission p ro 
ducts, was used for  d e m o n 
strat ions ..................................... ”

“ In th e  sum m er  of 1922 there  
came indications of a changed 
at t i tude  towards broadcasting 
by the  English Post Office, the 
G overnm en t  mouthpiece in 
wireless affairs. At once the  
Marconi C om pany’s engineers 
commenced w ork  in the 
designing of what they con
sidered would be th e  G overn 
m e n t ’s idea of a British 
broadcasting station. Valves 
and c o n d e n s e r s ..............

1 9  4  6

THE SCOTT INSULATED WIRE CO. LTD
W EST M O R ELA N D  RO AD

LO NDO N, N.W.9
TELEPHONE : COL 8871-4 

TELEGRAMS : “ SILCOTENAM "
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M E R V Y N
R.F. A L I G N M E N T  O S C I L L A T O R

DESIGNED AND MANUFACTURED BY

A new alignment oscillator operating at television frequencies, compact in 
form and robust in design, with means for self-calibration at three pre
determined frequencies.

In conjunction with th e  ordinary ca thode ray oscilloscope, this a lignment oscillator  provides 
a ready production  check of  th e  sound and vision channels , as well as th e  overall  performance 

of Television Receivers.

It employs a t r io d e  oscillator whose  mean frequency can be se t  be tw een  35/50 Mc/'s. The 
instantaneous frequency automatically varies to  cover th e  en t i r e  television channel 50 times 
per  second. A second t r io d e  oscillator is arranged so th a t  it can be sw itched to  any of 
t h r e e  p red e te rm in ed  frequencies which are  maintained with a high deg ree  of  stability.

A sinusoidal t im e base for th e  oscilloscope is incorpora ted .  In production  tes ting  a response  
curve can be conveniently  checked for  compliance with a specified bandw id th  by using a 
sui tably ruled scale in f ro n t  of  th e  oscilloscope screen.

T H E  M E R V Y N  S O U N D  & V I S I ON
MERVYN WORKS, MAYBURY ROAD, W O KING .

CO. LTD.
W O KIN G  2091.
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450° is a normal 

working tem perature

for vitreous-enamelled

resistors

Such is the quality of the enamel used in Welwyn 
Vitreous Resistors that they will operate continu
ously at 450° C. This is more than twice the safe 
temperature for ordinary vitreous resistors. Sizes 
for every purpose— I W . to 300 W . Welwyn High 
Stability Carbon Resistors— W . to 2 W , 10 ohms to 
8 megohms, close tolerances, low temperature and 
voltage co-efficient, tropical grade to KIIO. New 
Catalogue now available for Trade.

WELWYN ELECTRICAL LABORATORIES LIMITED
W E L W Y N  G A R D E N  C IT Y ,  H ER T S.

Telephone : Welwyn G arden 3816-8.

(xviii)



ANNO UNCEM ENT

M E G A T R O N  S E L E N I U M  
P H O T O  C E L L S  A R E  N O W  I N  

P R O D U C T I O N

T E C H N I C A L  E N Q U I R I E S  T O

D R • G . A . V E S Z I 
AT O U R  L A B O R A T O R I E S

U S A  F O N T H I L L  R D . ,  N . 4 .  A R C H W A Y  3739

Head Office : M E G A T R O N  L I M I T E D
96/7 C H A N  D O S  H O U S E ,  B U C K IN G H A M  G A T E ,  S. W .  I 

A B B E Y  7 2 1 6

ELECTRONIC DEVICES
“ Teleion Valve”  and “ Teleion Capacity”  Relays • Detectors and 
Protective Devices • Bridge Amplifiers

RADIO
Combined Radio and Oral Communication • 25 W . Amplifier with 
Radio Tuning Unit • Intercommunication Installations • Midget 
Receivers . Car Radio

TRANSM ITTERS

and H IG H  SPEED TELEGRAPHIC EQUIPMENT

ROMAC RADIO CORPORATION, LTD.,
T H E  HYDE, H E N D O N , N.W.9 JSSrtt,
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VALVES

DOMINANT NAM I IN  ELECTRONICS

Recommended Types for 
A.C. M ains Operated Receiver.

ECH 35 Frequency changer.
EF 39 Intermediate Frequency 

Amplifier.
EBC 33 Detector L.F. Amplifier.
EL 33 Output Pentode.
A Z 3 I  Rectifier.

O ther recom m ended types o re  ava ilab le  for 
A .C .ID .C .. ba ttery  ond portab le  re ce ive rs .  i

THE M ULLARD W IRELESS SERVICE COMPANY LIMITED. CENTURY HOUSE, SHAFTESBURY AVE., LO ND O N. W .C.2 ( 1 35E)
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TRANSFORMERS
conform to the best modern practice and have 
a pleasing finish. They are vacuum impregnated 
in tropical wax and are constantly being used 
in apparatus supplied to many government 
departments.

R.M. ELECTRIC LIMITED
T E A M  V A L L E Y ,  G A T E S H E A D ,  I I .
T e l e p h o n e :  L o w  F e l l  7 6 0 5 7  - 8 - 9  T e l e g r a m s : " A u d i b l e ” C a t e s h ea

(xxi)



Ra d i o

FREQUENCY
CABLES

t.rt.ftij
r, i <•fP.tOU'N'"' C

b a l a n c e d  t w i n

ftw* Mi**«*un>'>v<

& » a-" "**



A P P A R A T U S
MADE TO SPECIFICATION

Post-war enquiries are especially invited for 
specialised radio and electrical apparatus, made 
to individual specification and including :—

TRANSFORMERS • SCANNING • L.F. OUTPUT • MAINS UP 
TO 10 KVA • COILS • CHOKES • W AVE W O UND  COILS 
IRON CORED, etc • ELECTRICAL W INDING, ALL TYPES

STANLEY CATTELL LTD.
9 - 1 1  E A S T  S T R E E T ,  T O R Q U A Y ,  D E V O N

I N P A R L I A M E N T

In the House of Commons :
Mr. EVEL YN WALKDEN asked the President o f the 
Board o f Trade why 120 -volt Exide Batteries which are 
sold at 11  s. Id. are in short supply and other 120-volt 
batteries of less reliable make, and sold at 15s. 6d., 
only are available . . .

Mr. DALTON : Wireless batteries are now in short 
supply, owing to the heavy demands of the Services, 
and it is necessary, therefore, to make use of the 
output, although small, of the higher cost producers. 
Prices are controlled under the Price of Goods Act, 
1939, and those charged for both classes of battery 
referred to by my Hon. Friend have been investi

gated and approved by the Central Price Regulation 
Committee.

Mr. WALKDEN: While appreciating what my Right 
Hon. Friend has said, is he not aware that batteries are 
used largely by people in small homesteads who cannot 
understand why good batteries cannot be obtained 
while there is a plentiful supply o f inferior ones. . . ?

Mr. DALTON : I am very anxious to get a fair 
distribution of whatever supplies there are, but the 
best batteries are required for the Services in a very 
great and increasing quantity. . . .

(E x trac ts  from  H ansard , J a n . 16)

THE CHLOR IDE ELECTRICAL STORAGE COMPANY  LTD '  G R 0 S V E N 0 R  GARDENS  HOUSE ' LO NDON ‘ S W I

(xxiii)
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BRITISH N.S.F. COM PANY LTD

FOR R A D IO  

TELEV IS IO N , 

TEST  IN ST R U M E N T S
and other applications

C J  HE only switch with floating rotor and double contacts is the 
OAK. W idely  used by all leading British and American  

Radio -manufacturers, it has, since 1939, been standardised 
by the Fighting Services o f  Britain and U.S.A. Available 
for a wide range o f  circuit combinations, it has also many 
industrial applications.

K E I G H L E Y  • Y O R K S H I R E
'  Phone : K e igh le y  4 22 1/4  London Office 25 M A N C H E S T E R  S Q . L O N D O N ,  W .l ’ G ra m s : Enesef, Ke igh ley  

(Sole Licensees of O A K  Manufacturing Co., Chicago.)



EQUIPPING A LABORATORY P

(¡V A

Time and again experience has shown that a considerable saving 
of time and money could have been made if Marconi Instruments 
had been called in at the very earliest stages o f equipping or re
equipping a scientific laboratory. All too often it is found that 
vital instruments have to be installed almost as an afterthought 
when it is too late to site them in the most logical and convenient 
place. All too often it is found after several measuring instruments 
have been installed that a single piece of Marconi apparatus could 
have done the work of them all.
Consult Marconi Instruments from the start—it costs nothing and 
may save a great deal of time and money.

MARCONI INSTRUMENTS LTD.
ST. A L B A N S , HERTS. T elep h on e: ST. A L B A N S  4323/6. N o rth ern  O ffice: 30 A L B IO N  ST ., H U L L . T e lep h o n e: H U L L  16144

^  *7 '
[POLïTECHNIKIl

V/RRRTORS • TRRMSFORMERS • SWITCHES • COILS

|SV<£
‘S tra tosil Sea led ’ 
for E f F I M E I l I V
W earite “ Stratosil S caled” V ibrator* 
operate efficiently and  with the  utm ost 
reliability in all situations irrespective 
o f climatic conditions. They embody 
m any features exclusive to this type of 
com ponent and  are available just now 
only for purposes directly Connected 

with the war effort.

SI RRTOSIL
Sealed VIBRRTORS

A ll steel c o n s tru c t io n — even 
to  th e  rivet* —  e n su rin g  u n i
fo rm  e x p a n s io n  u n d e r  ex* 
irem es  o f  tem p e ra tu re .

R eed  d r iv in g  c o il— w o u n d  o n  
a  bake lite  m o u ld ed  b o b b in  to  
m eet all c lim atic  co n d itio n s .

 M e ta l can , sp o n g e  ru b b e r  lined
— A coustica lly  a n d  elec trica lly  
sh ie ld in g  (he V ib ra to r .

D r iv in g  c o n tac t o t n o n -ta rn ish - 
ab le  p r e d o u s  m e ta l—en su rin g  
s ta r tin g  u n d e r  th e  l ig h te s t o f  
p re ssu re s  an d  voltages. 

C o n ta c ts  g ro u n d  a lm ost fa 
o p tica l lim its.

S tack  assem bly . M ica  an d  
steel o n ly  are used.

Base sealed by  th e  W E A R IT E  
S T R A T O S IL  process.

HIGH R D . T O T T E N H A M  N. 17 

TELEPHONE.TOTTENHAM 3847
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Even before the birth of broadcasting . . . .  
before the days when to hear the programmes 
of 2LO was regarded as the ninth wonder of 
the world, the House of Bulgin was designing 
and building efficient components for “ wireless 
telegraph instruments” . And with the passing 
of the years the name of BULGIN has figured 
prominently in every radio and electronic 
development. To-day, this wealth of experience 
is at your disposal, not only in the wide range 
of BULGIN Standard Components but in the 
design and manufacture of special units to fulfil 
a particular need as well.

BULGIN
“ T X  ( S lo lc e  o f  < S r lU c ”

A Name Synonymous wi th  Radio

BYE PA SS RD., BARKING, ESSEX.
T ELEPH O N E : R IPPL E W A Y  3 4 7 4

(ii)



THE LONDON 
SYMPHONY ORCHESTRA 
SWELLS IN . . . AGAIN

O o o n  the highway and the byways will 
Q s  com e to life with cars. Soon the 
people of this land w ill want to enjoy the 
fruits o f peace. Soon, thousands of cars, 
radio equipped, w ill be tuned in to the 
London Symphony Orchestra —  or Geraldo 
—  or the News . . .

To you who make miniature sets or 
radio sets for cars, Hunts supply the dual 
Miniature Electrolytic Capacitor Type L3 i A. 
This is a dual type capacitor o f minimum  
size but possessing the latest technical 
design improvements, and capable o f giving 
long life and performance under appropriate

voltages and temperatures, w ith an ability 
to withstand reasonable ripple current 
conditions.

This is just one more example o f the 
Hunt ability to supply capacitors for any 
and every type o f radio, based on a sound 
manufacturing policy of “  capacitors on ly .”

I c a p a c i t o r s )

A .  H .  H U N T  L T D  • L O N D O N  • S . W . 1 8  • E S T A B L I S H E D  i 9 o i
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V O R T E X I O N
“ SUPER FIFTY W ATT”

30 cps to 15,000 cps w ithin ^ db. under 2%  distortion  at 40 watts and 1% at 15 watt.
Electronic m ixing for m icrophone and gram ophone of either high or low impedance w ith top  
and bass controls. O utput for 15/250 ohm s w ith generous voice coil feedback to m in im ise speaker 
distortion. New  style easy access steel case gives recessed controls, m aking transport safe and 
easy. Exceedingly well ventilated for long life. Am plifie r com plete in steel case as illustrated  
with built in 15 ohm  mu-m etal shielded m icrophone transform er tropical finish. Price 29£ gns. 
Chassis only with valves 25£ gns. or com plete w ith fitted m icrophone transform er 26£ gns. 
Laboratory model 10 cps to 35,000 cps in above case 42 gns.
Specia| 8-way m ixing unit for use with any amplifier but in particular the super fifty watt. It is 
fitted in steel case standard instrum ent grey to match above amplifier and can be assembled 
with same to form  one unit. Standard model for six 15 ohm  m icrophones and two high or low  
impedance pick-ups (with switched record com pensation) built in m u-m etal shielded transform ers 
and m etering jacks for each valve. Price complete for A .C . M ains 27£ gns.
C.P. 20A-I5 w att Am p lifie r for 12 V o lt  Battery and A.C. M ains operation. Th is im proved version  
of the old C.P. 20 has switch change-over from  A.C . to D.C. and “ stand by ” positions, and only 
consumes 5£ amperes from  12 V o lt  Battery.
Fitted mu-m etal shielded m icrophone transform er for 15 ohm  m icrophone, and provision for 
crystal o r m oving iron pick-up w ith tone control for bass and top and outputs for 7.5 and 15 ohms. 
Com plete in steel case w ith valves. £22 10s. Od.

A M P L I F I E R

V O R T E X IO N  LTD.
257/261 The Broadway, Wimbledon, S.W .I9
Phone: L IB erty  2814-6128. Te legram s: ‘‘ V O R T E X IO N  W IM  L O N D O N . ”



THE MOST FAMOUS SET MAKERS ARE AGAIN FITTING

GRID VOLTS

MAZDA
RADIO VALVES AND 

CATHODE RAY TUBES
because of their

PERFORMANCE AND 
RELIABILITY

CHARACTERISTIC CURVES OF AVERAGE

M A Z D A  VALVE VP.23
(CURVES TAKEN AT Va "  120 VOLTS)

THE FILAMENT CURRENT OF 
T H E  M A Z D A  VP . 23  IS 
EXCEPTIONALLY LOW ; IT IS 
ONLY 50mA.

ITS MUTUAL CONDUCTANCE 
( 9m*l.3mA/V) IS REMARKABLY 
HIGH FOR A VALVE HAVING 
SO  L O W  A F I L A M E N T  
CONSUMPTION.

THIS VALVE MAY BE USED 
AS A  REPLACEMENT IN THE 
CIVILIAN WAR-TIME RADIO 
RECEIVER.

-20 -18 -16 -14 -12 -10 -8  -6  -4  -2 O

THE EDISON SWAN ELECTRIC COMPANY LIMITED ^  15S, CHARING CROSS ROAD, LONDON, W .C.2

(v)



RICHARD THOMAS & BALDWINS LIMITED
W I L D E N  IR O N W O R K S ,  S T O U R P O R T -O N -S E V E R N ,  W ORCS.
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Technical Reasons W hy

Is the Finest Cored Solder in the World

T hree C ores of Flux ensu re  flux continuity. No lengths without 
flux a re  w asted. Consistent high quality joints a re  obtained with 
com paratively unskilled labour. Exactly the co rrec t p roportions 
of so lder to flux a re  p rov ided . Separate fluxing operations 
a re  obviated and no extra flux is req u ired . The th ree  co res of 
flux being  evenly d istributed  over the cross section of the 
so lder p rov ide thinner so lder walls than otherw ise. This gives 
rap id  melting and sp eed s  up soldering . The flux does not tend 
to run  out of the c o re s ; so there  is always a supply available for 
the next joint. The utmost econom y of so lder and flux is achieved.

Ersin, contained in the th ree  co res of Ersin Multicore Solder, 
is the fastest non-corrosive flux. Possessing all the non-corrosive 
advantages of rosin, it enab les joints to b e  speedily  m ade on 
oxidised o r “ difficult ” surfaces such as nickel. Ersin not 
only avoids oxidation during  so ldering  but rem oves surface 
oxide already  p resen t—this is particularly  advantageous in 
respect of m aterials that have been  in stock o r apparatus that 
is being  serv iced . The use of Ersin M ulticore, with correct 
so ldering technique, avoids “ H R ” o r d ry  joints.

Ersin Multicore Solder is m ade in most gauges betw een  10 and 
22 S.W .G. (-128 — -028") (3.251— ‘7109 m/ms). For general 
radio  and electrical production and  m aintenance 14 and 18
S.W .G. a re  in most dem and.

Technically, Ersin Multicore Solder is far superio r to any o ther co red  so lder. 
A practical laboratory o r production test will dem onstrate this and show you 
that it is the most economical so lder to use. The majority of British and overseas 
m anufacturers a lready enjoy the advantages of Multicore. If you do not, w rite for 
further technical information and free sam ples.

T H E  F O L L O W I N G  S P E C I F I C A T I O N S  A R E  N O W  A V A I L A B L E

Each
o v er

SIZE 2 M U L T IC O R E  CA RTO NS 6d .
ca rton  contains sufficient E rsin  M ulticore S o ld er to  m ake 
200 a v e ra g e  joints on rad io  and  elec trica l equ ipm en t.

N O M IN A L  1-lb . REELS H IG H  T IN  C O N T E N T  P R E-W A R  QUA LITY
C atalogue Alloy S.W .G . A R prox. leng th P rice  p e r  nom inal

R efe rence  No. T in /L ead N om inal 1-lb . r e e l 1 -lb . re e l (subject)
16014 60/40 14 64 fee t 6 /-
16018 60/40 18 1Z8 fe e t 6/9

MULTICORE SOLDERS LTD.
T e l.:

M E L L I E R  H O U S E , A L B E M A R L E  S T . ,  L O N D O N ,  W . l .  r e g e n t  I 4 i i  (P .b .x . 4 l in e s )

3 CORES 
OF FLUX

IO SWG

22 SWG
Double a c tu a l size.
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TA  HE world-wide use of “ A VO ” Electrica 
Testing Instruments is striking testimony to 
their outstanding versatility, precision and 
reliability. In every sphere of electrical test 
work, they are maintaining the “  AVO ” 
reputation for dependable accuracy, which is 
often used as a standard by which other instru
ments are judged.

Sole Proprietor» and 
Manufacturer» :
The A utom atic Coil W inder & E lectrical Equipm ent C o., L td . 
W inder H ouse , D oug las S t., L ondon , S .W .l. Phone: V ic to r ia  3404-8

(viii)
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HESE i n s t r u m e n t s  h a v e  b e e n  

primarily developed for  use in M eter  

T est  Rooms, Research Laboratories and 

W o rk s  Testing D epar tm ents .  They are 

sufficiently robust  to  withstand severe 

industrial use.

The m ovements  are  of the  iron-free 

dynam om eter  type  o r  of the  D ’Arsonval

PULLIN
moving coil type, and have a high to rq u e  

t o  w eight ratio.  They are  well damped, 

but  will respond to  m inute  changes of 

supply. T hey are  effectively shielded 

f rom th e  influence of ex te rna l  magnetic 

fields, by a double  mu-meta l shield.

M E A S U R I N G  

I N S T R U M  E N T S  

( P U L L I N )  L T D .

PORTABL E
SUB-STANDARD
IN STR U M E N TS

All correspondence to be addressed to 
P h o e n i x  W o r k s ,  G r e a t  W e s t  Ro a d ,  B r e n t f o r d ,  M i d d l e s e x  E a l i n g  0011
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D o u b l e
P u r p o s e

AtRIALS
IF you are erecting an aerial now, 

you must seriously consider  
tw o  important facts:

(a) The com ing of television in 
t h e  v e r y  n e a r  f u t u r e .

(b) A n  a n t i- in te r fe r e n c e  a e r ia l  
for norm al broadcast reception.

You can cover both these important 
points by using a combined system. The 
method o f  installation is shown in the  
diagram. It will be a permanent system  
designed on sound engineering principles, 
and, remember, you will be saving 25% 
on the price.

SPECIFICATION

A “ c o m b in e d ”  television and anti
interference aerial. For use when separate  
aerial and earth terminals are correctly  
provided for medium and long wave.

By using the reflector of a television  
aerial as a collector, one aerial can be 
used for vision reception and normal 
broadcast reception, with all the advantages 
of an “  Eliminoise ”  anti - interference  
installation.

(.U.K. Registered Designs applied fo r )

PRICES

Combined Television and Broadcast Aerials 
with 100 ft. cable, but w ithout w ooden masts: 

L.502/L and L.392/100 . . .  Price £ 1 3  :  0  : 0

Combined Television and Broadcast Aerials 
with 120 ft. cable, but w ithout wooden masts: 

L.502/L and L.392/120 .. . Price £ 1 3  : 1 6  : 0  
L.336 Balanced twin feeder Price 9 d .  per yard

BELLING & LEE LTD
CAMBRIDGE ARTERIAL R O A D ,  ENFIELD, M ID D X



ERG’S HAVE THE URGE TO GO ABROAD

Z X P O R T i y

E R G  Resistors 
have an exceptional electrical specification 
and performance, with mechanical strength.

High Grade Vitreous Enamels used on 
our Tropical Resistors give long life, and 
definitely assist in the trouble-free manu
facture and performance of Radio Receivers, 
Television and Test Equipment.

Processed up to the highest Service 
Standards at a competitive price.

ERG RE S I S T O R S  LTD
102a Finchley Road, 

London, N.VV.II
P H O N E :  S P E E D W E L L  6 9 6 7
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DISTORTION

O sram £ < § .e . O sram
P H O T O  CELLS C A T H O D E  RAY T U B E S V A L V E S

Advt. o f  The General E le c tr ic  Co. Ltd., M agnet House, K ingsway, London, W.C.2.
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E A = 3 0 0  V I
61 AS RESISTA N C E  =  1O0O .A. P E R  VALVE |

4 0 0 0  6 0 0 0  8 0 0 0  50,000
A N O D E  LO A D  R E S IS T A N C E  ( .O H M S )

A low impedance power triode, the OSRAM PX4 has 
achieved an almost unique popularity as an output valve 
(usually in push-pull pairs) for high quality Audio 
Frequency amplifiers at moderate power. Its outstanding 
features include:—

JL Large undistorted power o u tp u t— ample for all domestic  
W  purposes— up to  135 watts per push-pull pair.

^  Very low harmonic co n te n t— only 2%  distortion in 
W  push-pull at full output.

^  Long life at a continuous anode dissipation up to  15 watts  
W  per valve.

A d eta iled  technical d ata  sh e e t is available on  request.
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C O S S O R
MULTIPLE 
RECORDER

for the 

PHOTOGRAPHIC  
IN V E S T IG A T IO N  
OF TRANSIENTS

with

CATHODE RAY TUBES

This equipment is the latest development in the use of seaied-off Cathode Ray Tubes in 
Multiple Recording technique as pioneered by Cossor.

The robust design is intended to make It suitable for field tests, including Traction Recording, 
Marine and Motor testing and other industrial investigations.

The equipment comprises a Model 440Twin Tube Unit using two 4^ in. dia. Double Beam Tubes, 
a Model 423 Film Camera Unit and a Model 430 Drive Unit. It provides simultaneously four 
independent records plus one central electro-optical time marking on 70 mm. unperforated 
film or paper. By means of interchangeable gears and/or motors a film speed range of
0.005-250 cms/sec. is obtainable with a tube spot writing speed up to 2 kms/sec.

Two or three units may be mounted one above the other and driven by the single Drive Unit 
to provide up to a maximum of twelve simultaneous records plus three time/event markings.

A . C. COSSOR LTD
IN S T R U M E N T  DEPT.

H IG H B U R Y  G RO VE L O N D O N ,  N.5
Telephone: Telegrams:

CANonbury 1234 (30 lines. Amplifiers, Phone, London.

HALF FULL SIZE

(xiii)



I N S T I T U T I O N  M E E T I N G S

SECTION MEETINGS 1946/7
The Committee o f the various Sections o f the Institution, in conjunction with the main Programme and Papers 

Committee are now completing arrangements for the 1946/7 session o f meetings.
A detailed programme card giving speakers and subjects will be sent to all members during the summer months. 

Meanwhile, the following arrangements have been definitely made, including the fixing o f dates o f meetings for 
the 1946/7 session :—

NORTH EASTERN SECTION

(Commencing in October, the Section will meet on the 
second Wednesday o f  each month, at the Neville Halt, 
Westgate Road, Newcastle-on-Tyne. A ll these meetings 

will commence at 6 p.m.)

October 9th, 1946
Annual General Meeting o f the Section, followed 

by a Paper.

November 13th, 1946
Details to be circularised

December 5th, 1946
Annual Dinner o f the Section 

(Details to be circularised)

December 11th, 1946
A Paper by 

J. M. A. Lenihan, M.Sc. 
on

“ Electronics in Nuclear Research ”

January 8th, 1947
A Paper by 

Emrys Williams, Ph.D.
(Title to be announced later)

February 12th, 1947
A Paper by 

Dr. R. T. Craig 
on

“  D eaf Aid Systems ”

March 13th, 1947
“ Questions Meeting ”

Details will be circularised by the Local Committee 
two months prior to the meeting,

April 9th, 1947
,  A Paper by

D. R. Parsons 
on

“  The Technique o f Radio Design ”

May 7th, 1947
Details to be circularised

SCOTTISH SECTION

(Commencing in October, the Section will meet alternately 
in Glasgow and Edinburgh. The Glasgow meetings wilt 
be held at The Institution o f  Engineers and Shipbuilders 
in Scotland, Elmbank Crescent, Glasgow, C.2, on the 

following dates at 6.30 p.m.)

Thursday, October 10th, 1946 

Thursday, December 12th, 1946 

Thursday, February 13th, 1947 

Thursday, April 10th, 1947

The Edinburgh meetings will be held at The Heriot- 
Watt College, Edinburgh, 1, on the following dates, all 

at 6.30 p.m.

Wednesday, November 20th, 1946 

Wednesday, January 15th, 1947 

Wednesday, March 19th, 1947 

Wednesday, May 14th, 1947
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Extract from  
THE STORY OF BROADCASTING  

A. R. B U R R O W S

2 LO first came on the air and, 
later in the same year, I was 

associated with the promotion 
of my Company to manufacture 

Insulated Instrument W ire and 
provide immediate - personal- 

attention to the multifarious 
requirements of a rapidly pro

gressive science.

Close co-operation with Radio 
Research and development, 

linked with rapid production 
methods and prompt service, 

have been for 24 years and will 
remain the policy of my 
Company.

“  In the spring of 1922 a rival 
to W r it t le  appeared in the 
field at uncertain intervals. 
This was a station known as 
2 LO, a 100-watt set contained 
in a small teak cabinet, and 
housed in the cinema theatre 
on the top floor of Marconi 
House, London. This set, 
which was of a number of 
standard transmission pro
ducts, was used for demon
strations ................................ ”

“  In the summer of 1922 there 
came indications of a changed 
attitude towards broadcasting 
by the English Post Office, the 
Government mouthpiece in 
wireless affairs. A t once the 
Marconi Company’s engineers 
commenced work in the 
designing of what they con
sidered would be the Govern
ment’s idea of a British 
broadcasting station. Valves 
and condensers................ 1 9  4  6

SCOTTTHE
WESTMORELAND ROAD

LO N DO N , N.W.9

INSULATED

(xv)

WIRE CO. LTD.

TELEPHONE : COL 8871-4 

TELEGRAMS : “ SILCOTENAM ”



H IG H  GRADE

ELECTRONIC TEST EQUIPMENT
O S C IL L O S C O P E S .
A  series of self-contained instruments having 
unique features, to meet modern requirements. 
Type S I, now available, l£" C.R.T. built-in time 
base and amplifier. W eight only 12 lbs.

£22 I Os. Od.
E L E C T R O N IC  V O L T M E T E R S .
Available with Ranges—

0-500 volts in Four Stages £27 10s. Od.
0-250 volts in Four Stages £35 10s. Od.

5 millivolts— 25 volts in Four Stages.
Complete with Standard Probe.“»
Other Probes for E.H.T., D.C., and U.H.F., 
available.
M O V IN G - C O IL  M E T E R S .
B.S., 1st Grade, 2", 2 and 3£", Flush and Pro
jection mounting, Bakelite-cased Meters, for all 
standard ranges, A.C. and D.C.

W A V E  A N A L IZ E R S .

Employing the Superheterodyne principle, cover
ing ranges 0-4,700 c.p.s., 0-11 k.c.s., 10-33 k.c.s., 
and 35-100 k.c.s., and incorporating a stabilised 
valve voltmeter.
L IF E  T E S T  P A N E L S .  ETC.

For Vibrators, Condensers, Resistors, and many 
other Radio Components.
Q U A R T Z  F R E Q U E N C Y  S U B -S T A N D A R D .
An A.C. mains-driven Crystal Calibrator, pro
viding I m.c., 100 k.c., and 10 k.c. Markers, from 
Low Frequencies up to 60 m.c.s. A  400 c.p.s. 
modulator is incorporated £19 19s. Od.

S P E C IA L  E Q U IP M E N T S .

W e  specialise in the supply of individual industrial 
test requirements.

M AY W E HELP YOU SOLVE YOUR TEST PROBLEMS?

R A D IO -A ID  LTD.
M a n u fa c tu re rs a n d  D istr ib u to rs o f  Laboratory  a n d  Indu stria l Test Eq u ip m ent

29 MARKET STREET, WATFORD, HERTS, ENGLAND suÄTwir»«,

THE INSTITUTION S ANNUAL APPEAL
Everyone grows weary o f appeals, and in these days particularly it becomes impossible to respond generously 

to each request. The Brit.I.R.E. has not added to the burden o f its membership by making frequent 
requests for support o f the Funds ; instead, these Funds have relied almost entirely on the odd guineas or half 
guineas which accompany a member’s annual subscription.

Subscriptions are now due, and it is again hoped that as many members as are able will renew their support 
of the Building and Benevolent Funds.

Brit.I.R.E. BENEVOLENT FUND

It is very probable that in the immediate future there will be a demand upon the Benevolent Fund ; the object 
of the Fund is to help those members of the Institution and their dependants who have suffered loss of employment 
through ill-health or who are otherwise passing through times o f stress.

Donations may be spread over a number of years if subscribers will complete a deed of covenant for seven years, 
or for life (whichever is the shorter period), and thereby enable the Trustees of the Fund to recover income tax on 
subscriptions. Forms for this purpose will be gladly sent on request.

Brit.I.R.E. BUILDING FUND
The Institution’s own post-war planning scheme envisages a building belonging to the Institution and capable 

of meeting the needs of members by offering all the facilities traditionally associated with a professional Institution.

Although obviously not so imperative in its need as the Benevolent Fund, the support given to the Building Fund 
is of great future importance to the Institution which, in these days of high taxation and increased death duties, 
must inevitably rely upon the annual support of its members if a fitting building is ultimately to be acquired.

( x v i )



Sound Understanding
PRECISION BUILT FOR 

R EP R O D U C T IO N
The PA 10 amplifier is ideal for small 
installations, Dance Bands, Hotels, 
etc., being a smaller edition o f  the 
PA 20 A C operated only and p ro
viding a full 10 w att o f  audio. Inputs 
for m oving coil o r crystal m icro
phone and gram ophone are p ro 
vided. O utput impedances are 2.5, 
7.5 and 15 Ohms.

A portable amplifier, capable of 
providing an undistorted output 
o f 20 watts. Separate volume 
controls for microphone and 
pickup. Functions from AC 
mains or from a 12  volt accumu
lator when used in conjunction 
with B.S.R. Vibrator Power 
Unit type VP 60A.

The model AG 4 “ Ampligram ” 
is a 10  watt amplifier and electric 
gramophone combined in a port
able carrying case. Provision 
has been made for using either a 
moving coil or crystal micro
phone. AC Mains operated.

BIRMINGHAM SOUND REPRODUCERS LTD.
O L D  H I L L  S T A F F S  • T E L E P H O N E :  C  R A D  L E Y  H E A T H  6 2  12

L o n d o n  O f f i c e  : I I S  G O W E R  S T R E E T .  W . C . / .  P h o n e :  E U S  7 S I S
u-
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MERVYN
R.F. A L I G N M E N T  O S C I L L A T O R

A new alignment oscillator operating at television frequencies, compact in 
form and robust in design, with means for self-calibration at three pre
determined frequencies.

In conjunction with the ordinary cathode ray oscilloscope, this alignment oscillator provides 
a ready production check of the sound and vision channels, as well as the overall performance 
of Television Receivers.

It employs a triode oscillator whose mean frequency can be set between 35/50 Mc/s. The 
instantaneous frequency automatically varies to cover the entire television channel 50 times 
per second. A second triode oscillator is arranged so that it can be switched to any of 
three predetermined frequencies which are maintained with a high degree of stability.

A sinusoidal time base for the oscilloscope is incorporated. In production testing a response 
curve can be conveniently checked for compliance with a specified bandwidth by using a 
suitably ruled scale in front of the oscilloscope screen.

DESIGNED AND MANUFACTURED BY

T H E  M E R V Y N  S O U N D  & V I S I ON  CO. LTD.
MERVYN WORKS, MAYBURY ROAD, W OKING. W O KIN G  2091.

(xviii)
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Even 1* hour
„ in sea-«aterimmersion . u s

cannot afle«* i« * « " " 0

SSM...»» •’esiste's

I
m

Tested independently, a standard W elw yn  

Vitreous Resistor was found to  w ork  perfectly 

after 24 hours’ immersion in sea-water. W e lw yn  

Vitreous Resistors are 100% moisture-proof and 

completely reliable. T h e r e ’s a size for every  

purpose— I W  to  300 W .  Also W elw yn  High 

Stability Carbon Resistors |  W  to  2 W ,  10 ohm s  

to  8 megohms, close tolerances, lo w tem p era tu re  

and voltage co-efficient, tropical grade to  K110. 

N e w  catalogue now  available for Trade.

W E L W Y N  E L E C T R I C A L  
L A B O R A T O R I E S  L I M I T E D

W E L W Y N  G A R D E N  C IT Y ,  H E R T S
Telephone : Welwyn Garden 3816-8

(xix)



THE MULLARD WIRELESS SERVICE COMPANY LIMITED, CENTURY HOUSE, SHAFTESBURY AVE., LONDON, W.C.2 ( i 43a )

EF 39

Recommended Types for 
A.C./D.C. Mains Operated Receiver.

C C H  35 Frequency changer.
Intermediate Frequency 
Amplifier.
Detector L.F. Amplifier. 
Output Pentode.
Rectifier.

EBC 33 
C L  33 
C Y  31

Other recommended types are available for 
A.C., battery and portable receivers.

OMINANT NAME IN  ELECTRONICS

(XX)



TRANSFORMERS
conform to the best modern practice and have 
a pleasing finish. They are vacuum impregnated 
in tropical wax and are constantly being used 
in apparatus supplied to many government 
departments.

R.M.ELECTRIC LIMITED
T E A M  V A L L E Y ,  G A T E S H E A D ,  I I .
T e l e p h o n e :  L o w  F e l l  7 b O S T  - 8 - 9  T e l e g r a m s :  " A u d i b l e "  G a t e s h e a d
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NOW AVAILABLE 
ON RE

S T t* 4-

: 01 ,.x-cs -v-dc

• s i - —  " • S 's ’i s s s

This new catalogue o f paper dielectric 
and electrolytic capacitors will be o f real 
assistance to the radio engineer and  
designer.

A sk  for publication 201W .

BRITISH INSULATED CALLENDER’S CABLES LIMITED
N O R F O L K  H O U S E .  N O R F O L K  STREET, L O N D O N  W . C . 2
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PL EA SE  W R IT E  FOR  
I l i u s t r a t  e  d
T E C H N IC A L  L E A F L E T

U N I V E R S A L  T A Y L O R M E T E R

90 Ranges, 20,000 Ohms per Volt D.C. and A.C.

These ex trem ely  sensitive and versatile instruments cover an 

extrem ely  wide range o f  m easurem ents with great accuracy and 

reliability. Many im provem ents have been incorporated including 

a very robust moving-coil m ovem ent which is fitted with overload 

protection. A self-contained battery gives resistance readings from 

0.1 ohms to  20 megohms and a buzzer is fitted for use on continuity  

tests. W ith  external battery the  maximum range is 2,000 megohms.

Price £19.19.0

TAYLOR E L E C T R I C A L  I N S T R U M E N T S  LTD.
4 1 9 - 4 2 4  M O N T R O S E  A V E N U E ,  S L O U G H ,  B U C K S .

Tel.: Slough 21381 (4 lines) 
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OAK's exclusive

SWITCH TROUBLES
W h a t  is the most important and most desired requirement o f a switch? 

Surely long-lasting, complete reliability ! For it is one o f the hardest pressed components 
in radio. Upon it falls responsibility for prevention o f intermittent troubles so irritating 
to user, dealer and manufacturer.

O A K  Switches give this essential, enduring, trouble-free service . . . can be 
relied upon for thousands o f electrically and mechanically perfect operations. And the 
O A K  Switch, the standard service switch during the war, has secured a universal 

reputation for complete reliability with two exclusive, basic 
features: the O A K  double, self-cleaning, spring clip, and the 
O A K  self-aligning, floating rotor.

O th e r B r it ish  N.S.F. P roducts include  P A P E R  C A P A C IT O R S ,  
S IL V E R E D  M IC A  C A P A C IT O R S .  W IR E  W O U N D  R E S IS T O R S  

and V O L U M E  C O N T R O L S .  D e ta ils  on request.

SW ITC H ESBRITISH N.S.F. CO., LTD
Keigh ley, Y o rk sh ire
Phone: Keighley 4221/4 ____________________________________________________

S O L E  L I C E N S E E S  O F  T H E  O A K  M A N U F A C T U R I N G  C O .  L T D . ,  C H I C A G O  
BRITISH  N.S.F. SUB-LICENSEES : THE PLESSEY CO. LTD., A N D  A.B. METAL PRO DUCTS LTD.

(xxiv)



E Q U I P P I N G  A  L A B O R A T O R Y . . . :

M A R C O N I

I t is almost impossible, in this changing age, for any single user 
to keep abreast of every development in  instrum entation. This 
particularly applies to measuring apparatus, where, to order any but 
the most elementary requirements without reference to Marconi 
Instrum ents, is to hazard both man-hours and money.

A preliminary discussion will often disclose a better way of making 
an essential test or a solution of your most troublesome problems. 
I t  will probably introduce you to new instrum ents, improved 
techniques and novel applications. I t  will ensure the planned 
efficiency of your laboratory in equipment, convenience and economy.

Consult Marconi Instrum ents, L td., from the start—there is nothing 
to lose and there may be much to gain.

I N S T R U M E N T S  L T D .
ST. A L B A N S ,  H E R T S . P H O N E  : ST. A L B A N S  4323/6
N O R T H E R N  O FF IC E  : 30 A L B I O N  STREET ,  H U L L .  P H O N E  : H U L L  16144

ANNOUNCEMENT

M E G A T R O N  S E L E N I U M  
P H O T O  C E L L S  A R E  N O W  I N

P R O D U C T I O N

T E C H N I C A L  E N Q U I R I E S  T O

DR G . A . V E S Z I  
A T  O U R  L A B O R A T O R I E S

I 15 A F O N T H I L L  R D . ,  N . 4 .  A R C H W A Y  3739

Head Office : M E G A T R O N  L I M I T E D
96/7 C H A N D O S  H O U S E ,  B U C K I N G H A M  G A T E ,  S . W . I  

A B B E Y  7 2 1 6
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are ahead of every specification

W H Y  THE  A R M Y  I N S I S T S  
ON A SEPARATE SWITCH

Bench tests, simulating actual combat 
conditions, proved conclusively that 
separate switching gives 100%  reli
ability. Wear was more rapid, faults 
developed nine times more quickly than 
where separate switching was used.

N I N E  T I M E S  
L O N G E R  

LIFE with —

B attle-tested in  B ritish tanks, B ulgin Toggle Switches 
never let the A rm y down. O ne m ore reason w hy it is 
now  standard practice to fit a B ulgin Sw itch to  m odem  
radio sets. A switch w ith B ulgin technicians behind 
it m eans radio perform ance a t its best.

Keep Volume and Tone Controls Apart 
—  M a k e  Your Set 100%  E ff ic ie n t

F o u r out o f five people prefer to sw itch on, leaving 
tone and  volum e unaltered. T hey  p refer an on-off 
toggle-switch, bu ilt by B ulgin to last a lifetim e. T h e  
A rm y can tell them  w hy B ulgin is the radio m an’s 
first choice. In  design and m aterials Bulgin keep 
ahead of the stiffest specifications, offering a selection 
o f over 200 types, with swift, certain make-and-break.

BULGIN
TROUBLE FREE TOGGLE SWITCHES

OVER 200 TYPES A VA ILA B LE
Standard fitting is Nickelplated. They can also be had in Florentine Bronze or Gun Metal finish to order.

A . F. B U L G I N  & C O M P A N Y  L T D .,  BYE P ASS R O A D ,  B A R K I N G ,  E S S E X . RlPpleway 3474 (5  lines)

(ii)

BULGIN
TOGGLE SWITCHES
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Technical Reasons W hy

Is the Finest Cored Solder in the World

T hree C ores of Flux ensure flux continuity. No lengths without 
flux a re  w asted. Consistent high quality joints a re  obtained with 
com paratively unskilled labour. Exactly the co rrec t p roportions 
of so lder to flux a re  p rov ided . Separate fluxing operations 
a re  obviated and no extra  flux is req u ired . The th ree  co res of 
flux being  evenly d istributed  over the cross section of the 
so lder p rov ide  thinner so lder walls than otherw ise. This gives 
rap id  melting and sp eed s  up so ldering . The flux does not tend 
to run  out of the c o re s ; so there  is always a supply available for 
the next joint. The utmost econom y of so lder and flux is achieved.

Ersin, contained in the th ree  co res of Ersin Multicore Solder, 
is the fastest non-corrosive flux. Possessing all the non-corrosive 
advantages of rosin, it enab les joints to b e  speedily  m ade on 
oxidised o r “ difficult”  surfaces such as nickel. Ersin not 
only avoids oxidation during  so ldering  but rem oves surface 
oxide already p resen t—this is particularly  advantageous in 
respec t of m aterials that have b een  in stock o r apparatus that 
is being  serv iced . The use of Ersin Multicore, with co rrec t 
so ldering  technique, avoids “ H R ” o r d ry  joints.

3 CORES  
OF FLUX

Ersin Multicore Solder is m ade in most gauges betw een  10 and 
22 S.W .G. (-128 — -028") (3.251— -7109 m/ms). For genera l 
radio  and  electrical production and m aintenance 14 and  18 
S.W .G. a re  in most dem and.

Technically, Ersin Multicore Solder is far superio r to any o ther co red  so lder. 
A practical laboratory o r production test will dem onstrate this and show you 
that it is the most economical so lder to use. The majority of British and overseas 
m anufacturers a lready enjoy the advantages of Multicore. If you do not, w rite for 
further technical information and free sam ples.

T H E  F O L L O W I N G  S P E C I F I C A T I O N S  A R E  N O W  A V A I L A B L E

Each
ov er

SIZE 2 M U L T IC O R E  CA RTO NS 6d .
ca rton  contains sufficient E rsin  M ulticore S o ld er to m ake 
200 a v e ra g e  joints on rad io  and  e lec trica l equ ipm en t.

N O M IN A L  1-lb . REELS H IG H  T IN  C O N T E N T  P R E-W A R  QUA LITY
C atalogue Alloy S.W .G . A p p ro x . leng th P rice  p e r  nom inal

R efe rence  No. T in /L ead N om inal 1 -lb . re e l 1 -lb . r e e l (subject)
16014 60/40 14 64 fee t 6/ -
16018 60/40 18 178 fee t 6/9

MULTICORE SOLDERS LTD.
T e l. :

M E L L I E R  H O U S E , A L B E M A R L E  S T . ,  L O N D O N ,  W . l .  r e g e n t  1411 (p .b .x . 4 lin e s )

©  
IO  SW G

22 SW G
Double actua l size.
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T e n t i n g  T i m e  
A h e a d . . .

R E C O N ST R U C T IO N , a s  we now  know  too w ell, m ean s  
som eth ing  o th e r  th a n  en joym en t of th e  n o n -ex is ten t f ru its  
of v ic tory . T he am en itie s  of a w o rld  a t  w e ll-ea rn ed  peace 
a re  n o t fo r u s  u n ti l we have rep laced  th e  rav ag es  of w a r 
w ith  th e  necessities of life an d  th e  rea litie s  of u n iv e rsa l 
peaceful in ten t fo r v ic to rs , v ic tim s an d  van q u ish ed  alike. 
T h a t is  speak ing  collectively. . . . F o r  ou rse lves, we 
lea rned  m uch  a n d  p ro g re sse d  fa r  in  th e  s ix  y ea rs  of 
ceaseless to il, u rg e d  on by d ire  n ecess ity  an d  p e ril. We 
a re  no t re s tin g  now . We a re  s t il l  p re s s in g  on, p re ss in g  
in to  the  serv ice of those  engaged  in  reb u ild in g  th e  body 
and  soul of a  w hole w o rld  th e  know ledge gained , th e  
advancem en ts  perfec ted , th e  sk ill an d  c ra f tsm an sh ip  

th a t  o u tm a tch ed  th e  effo rts of o u r enem ies.

“ A v o ”  E le ctrica l Testing  
I n s t r u m e n t s  s e t a  
s ta nda rd  by w h ich  other 
in stru m ents a re  judged.

TH E
UNIVERSAL AVOM ETER 

TH E  “  AVO ”  
A LL-W A V E O SCILLATOR 

T H E
“ AVO”  VALVE TESTER 

T H E
“  AVO ”  TEST BRIDGE 

T H E
UNIVERSAL AV O M IN O R 
T H E  D .C . A V O M IN O R 

T H E
“  AVO ”  L IG H T  M ETER 

T H E  “  AVO ”  
EXPOSURE M ETER 

E T C ., ETC . 
C ata logu e s on app lication

P R E C I S I O N  ELEC TRICA L M EA SU R IN G  IN ST R U M E N T S

R e g d .  T r a d e  M a r k

So le Proprietors a n d  M an u fa c tu re rs  :

*  T H E  A U T O M A T IC  C O IL  W IN D E R  & E L E C T R IC A L  E Q U IP M E N T  Co. Ltd.
Winder House, Douglas Street, London, S.W.I. ’Phone : Victoria 3404-8
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Recommended Types for 
A.C./D.C. Mains Operated Receiver.

C C H  35 Frequency changer.
EF 39 Intermediate Frequency 

Amplifier.
EBC  33 Detector L.F. Amplifier. 
C L  33 Output Pentode.
C Y  3 1 Rectifier.

Other recomm ended types are available for 
A.C., battery and portable receivers.

OMINANT NAME IN  ELECTRONICS

THE MULLARD WIRELESS SERVICE COMPANY LIMITED. CENTURY HOUSE, SHAFTESBURY AVE., LONDON, W.C.2 ( 1 4 3 A)

(V)



TAYLO¡3 for the best in Test Equip] 1 ment

HlïlHÎilflfc !

PLEA SE  W R IT E  FOR 
I L t U S T R A T E D  
TECHNICAL LEA FLET

4

U N I V E R S A L  T A Y L O R M E T E R

90 Ranges. 20,000 Ohms per Volt D.C. and A.C.

These extrem ely  sensitive and versatile instruments cover an 

extrem ely  w ide range o f  measurements with great accuracy and 

reliability. Many improvements have been incorporated including 

a very robust moving-coil m ovem ent which is fitted with overload  

protection. A self-contained battery gives resistance readings from  

0.1 ohms to  20 megohms and a buzzer is fitted for use on continuity  

tests. W ith  external battery the  maximum range is 2,000 megohms.

Price £19.19.0

TAYLOR E L E C T R I C A L  I N S T R U M E N T S  LTD.
4 1 9 - 4 2 4  M O N T R O S E  A V E N U E ,  S L O U G H ,  B U C K S .

Tel.: Slou«h 21381 (4 line.)

(vi)
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55 variations on a
SINGLE theme

I  W O  pages from  t h e  Hun t  

G en era l  C ata log u e ,  y e t  th e  

c o m p le t e  a n sw er  t o  m o s t  dry  

e le c tr o ly t ic  q u est io n s  o f  capacity,  

s ize  and ty p e .  A nd ev e r y  H u n t  

C ap a c ito r  ty p e  can be su p p lied  

in en o u g h  variations t o  m ake  

p oss ib le  a “ m ade t o  m easu re  ”  

c h o ic e  fo r  m os t  specia lised  

p u rp o ses  . . . w ith  standardised  

d ep en d ab il ity ,  at a c o s t  no  

g r e a te r  than th e  seco n d  best .

HUNTSP  ^  TR ADE M A R K

DRY ELEC TR O LYTIC

c a p a c i l o r s  )

A .  H .  H U N T  L T D  • L O N D O N  • S . W . I 8 • E S T A B L I S H E D  1 9 0 1

(vii)



V O R T E X I O N
“ SUPER FIFTY W ATT”
A M P L I F I E R

30 cps to 15,000 cps w ithin £ db. under 2%  distortion at 40 watts and 1% at 15 watt.
Electronic m ixing for m icrophone and gram ophone of either high or low  impedance w ith top  
and bass controls. O u tpu t for 15/250 ohm s w ith generous voice coil feedback to m in im ise speaker 
distortion. New  style easy access steel case gives recessed controls, m aking transport safe and 
easy. Exceedingly well ventilated for long life. A m p lifie r com plete in steel case as illustrated  
with built in 15'Ohm mu-metal shielded m icrophone transform er tropical finish. Price 29£ gns. 
Chassis only w ith valves 25£ gns. o r com plete w ith fitted m icrophone transform er 26£ gns. 
Laboratory model 10 cps to  35,000 cps in above case 42 gns.
Special 8-way m ixing unit for use w ith any am plifier but in particular the super fifty watt. It  is 
fitted in steel case standard instrum ent grey to  match above amplifier and can be assembled 
with same to form  one unit. Standard model for six 15 ohm  m icrophones and tw o high or low  
impedance pick-ups (with switched record com pensation) built in m u-m etal shielded transform ers 
and m etering jacks for each valve. Price com plete for A .C . M ains 27£ gns.
C.P. 20A-I5 watt Am plifier for 12 V o lt  Battery and A.C. M ains operation. Th is improved version 
of the old C.P. 20 has switch change-over from  A.C . to D.C. and “ stand by ” positions, and only 
consumes S j  amperes from  12 V o lt  Battery.
Fitted mu-metal shielded m icrophone transform er for 15 ohm  microphone, and provision for 
crystal o r m oving iron pick-up with tone control for bass and top and outputs for 7.5 and 15 ohms. 
Com plete in steel case w ith valves. £22 10s. Od.

V O R T E X IO N  LTD.
257/261 The Broadway, Wimbledon, S.W .I9
Phone: L IB erty  2814-6128. Te legram s: “ V O R T E X IO N  W IM  L O N D O N . ”
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HARD LABOUR FOR LIFE!
Countless are the demands made on the  switch. It must be strong, robust,  
to  have any future, to  withstand gruelling daily usage.
Only on e  switch can offer the highest developm ents o f  design and 
construction . . . the exclusive Oak double-contact, double-wiping clip, and

the floating rotor  for automatic  
correction o f  any slight mal-align- 
ment in multi-gang set-ups.
F or  u n f a i l i n g  a n d  t r o u b l e - f r e e  
switching specify and use the  British 
N.S.F. Oak Switch.

O th e r  B r it ish  N.S.F. P rod u cts include: 
P A P E R  C A P A C IT O R S ,  S IL V E R E D  M IC A  
C A P A C IT O R S .  W IR E  W O U N D  R E S IS T O R S  
and V O L U M E  C O N T R O L S .  D e ta ils  on request.

SWITCHESB R I T I S H

N.S.F. CO. LTD. 4 "
K E IG H L E Y .  Y O R K S H IR E .  Phone: K e igh le y  4211/4 Grams: Enesef, K e igh ley

SO LE L ICEN SEES O F TH E O A K  M A N U FA C T U R IN G  CO . LTD., C H IC A G O
B R IT IS H  N.S.F. S U B -L IC E N S E E S :  T H E  P L E S S E Y  C O .  LT D .,  A N D  A .B . M E T A L  P R O D U C T S  L T D

(ix)



THE MOST FAMOUS SET MAKERS ARE AGAIN FITTING

AZ
RADIO VALVES AND 
CATHODE RAY TUBES

because of their

PERFORMANCE AND 
RELIABILITY

CHARACTERISTIC CURVES OF AVERAGE ---------- 1 J 6  j

M A Z D A  VALVE H L .2 5  M  /

. j ■

P M '

G R ID  VOLTSl

-6 -5 -4 -3 - 2  -I O

THE FILAMENT CURRENT 
OF THE MAZDA HL.23 IS 
EXCEPTIONALLY LOW : IT IS 
ONLY 50mA.

ITS MUTUAL CONDUCTANCE 
(Sm = l.5mA/V) IS REMARK
ABLY HIGH FOR A VALVE 
HAVING SO LOW A FILA
MENT CONSUMPTION.

THE A N O D E  A C. RESIST
ANCE IS ONLY 21.000 OHMS 
WHICH, COUPLED WITH THE 
HIGH Sm MAKES THE VALVE 
P A R T IC U LA R LY  SU ITABLE  
FOR USE IN EITHER OSCIL
LATOR. DETECTOR OR L.F. 
STAGES OF A RECEIVER.

THE EDISON SWAN ELECTRIC COMPANY LIMITED 155, CHARmo CROSS ROAD, LONDON, W.C.2
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E Q U I P P I N G  A  L A B O R A T O R Y ?

May w e  suggest a precaution before you decide on measur- 

ing apparatus for your laboratory ? Consult  our advisory 

'P l / i / f l /  staff and evolve thereby an instrumentation plan up-to-the-  
minute in technique and invention.

O ver and over again a preliminary 
discussion has enabled us to show 
how the latest Marconi instrument 
can do the work of two existing 
models, or can reduce to simple 
terms an apparently intricate 
problem of measurement. C e r
tainly by basing your require
ments on the extensive range of 
Marconi apparatus you can be sure 
that to-morrow you will not dis
cover something just a little 
better, or a technique just a little

more advanced than you knew 
existed. A  Marconi instrumenta
tion plan, therefore, means effi
ciency in your laboratory with the 
maximum saving of man-hours and 
money.

O ur advice costs nothing but 
nearly always proves to be rather 
more than worth while. Let us 
know your testing problems : 
we can most probably provide 
the answers.

MA R C O N I  I N S T R U M E N T S  LTD.
ST. A L B A N S ,  H E R T F O R D S H IR E .  Telephone : ST. A L B A N S  4323/6.

Northern Office : 30 Albion Street, Hull. Telephone: Hull 16144. 
W estern  Office: lOPortview, Road, Avonmouth, Bristol. Telephone: Avonmouth 438.

The MB 31 amplifier incorporates the Cathode-anode 
output circuit developed by Acoustical, resulting in a 
total distortion content incapable of detection by the 
hum an car. A flat frequency response from 40— 
15,000 c.p.s. is obtainable, modified by a microphone 
volume control so weighted that “ natural ” repro
duction is maintained a t all levels.

Introducing compression near full output, a higher 
average output level can be handled w ithout the 
distress caused by overload peaks.

Operating from  AC mains or 12-volt battery, and 
having alternative input and output impedances, the 
M B.31 amplifier is extremely versatile and suitable for 
most types o f general public address work.

ACOUSTICAL MANUFACTURING CO., LTD., HUNTINGDON. TELEPHONE 361.
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PULLIN
S E R I E S  35

I L L U M I N A T E D  DI AL
R E C T A N G U L A R

I N S T R U M E N T S
HE Pullin illuminated dial fitment gives 
even illumination over the whole scale.

Being external it cannot cause heating of the 
movement. It is housed in a metal box on 
the front cover and can be easily inspected or 
replaced without the use of tools. The box acts as 
a reflector and its design and position enhances the 
appearance of the instrument. The lamp is a 6 V. 
3 watt tubular festoon type. The terminals are at 
the back of the instrument case.

These instruments are available in a wide range 
of moving coil types to meet every requirement. 
Full details upon application.

M E A S U R I N G  I N S T R U M E N T S  

( P U L L I N )  L T D .

All correspondence to be addressed to Dept. F. 
Phoenix  W o rk s , G re a t W e s t  Road, B ren tfo rd , M iddlesex. Ealing 0011
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RICHARD THOMAS & BALDWINS LIMITED
W IL D E N  I R O N W O R K S ,  S T O U R P O R T -O N -S E V E R N ,  W O R C S .
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TRANSFORMERS
conform to the best modern practice and have 
a pleasing finish. They are vacuum impregnated 
in tropical wax and are constantly being used 
in apparatus supplied to many government 
departments.

R.M.ELECTRIC LIMITED
T E A M  V A L L E Y ,  G A T E S H E A D ,  I I .
T e l e p h o n e :  L o w  F e l l  7 6  0 5 7 - 8 -  9 T e l e t r a m s :  “ A u d i b l e ”  G a t e s h e a d
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T h e design and erection o f tall steel 

radio masts and towers is a specialised branch 

o f structural engineering, allowance having 

to be made for considerable head loads 

caused by aerials suspended between two or 

more high structures.

These towers often include rigid plat

forms or systems o f flexible booms for 

supporting complicated systems o f vertical 

aerials or antennae wires. B .I. Callender’s 

have had outstanding experience in this work 

and have erected some o f the tallest towers 

in existence both in this country and overseas.

T h e example illustrated is one o f the 

three 6oo-feet tall self-supporting towers 

erected for the General Post Office in Central 

Wales during 1942. B .I. Callender’ s can 

undertake all work including the design and 

erection o f any type o f radio tower or mast. 

Further information is available on request.

i
. .

BRITISH INSULATED CALLENDER'S CABLES LIMITED
NORFOLK HOUSE, NORFOLK STREET, L O N D O N  W .C .2
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H IG H  GRADE

ELECTRONIC TEST EQUIPMENT
O S C IL L O S C O P E S .
A  series of self-contained Instruments having 
unique features, to meet modern requirements. 
Type S I, now available, l£ ' C.R.T. built-in time 
base and amplifier. W eight only 12 lbs.

£27 Os. Od.
E L E C T R O N IC  V O L T M E T E R S .
Available with Ranges—

0-500 volts in Four Stages £33 Os. Od.
0-250 volts In Four Stages £42 12s. Od.

5 millivolts— 25 volts In Four Stages.
Complete with Standard Probe.
O ther Probes for E.H.T., D.C., and U.H.F., 
available.
M O V IN G - C O IL  M E T E R S .
B.S., 1st Grade, 2", 2^", and 3^', Flush and Pro
jection mounting, Bakelite-cased Meters, for all 
standard ranges, A .C . and D.C.

W A V E  A N A L IZ E R S .

Employing the Superheterodyne principle, cover
ing ranges 0-4,700. c.p.s., 0-11 k.c.s., 10-33 k.c.s., 
and 35-100 k.c.s., and Incorporating a stabilized 
valve voltmeter.
L IF E  T E S T  P A N E L S .  ETC.

For Vibrators, Condensers, Resistors, and many 
other Radio Components.
Q U A R T Z  F R E Q U E N C Y  S U B -S T A N D A R D .
An A.C. malns-drlven Crystal Calibrator, pro
viding I m.c., 100 k.c., and 10 k.c. Markers, from 
Low Frequencies up to 60 m.c.s. A  400 c.p.s. 
modulator is incorporated £23 19s. Od.
S P E C IA L  E Q U IP M E N T S .

W e  specialise in the supply of individual industrial 
test requirements.

M R Y  W E  HELP YOU SOLVE YOUR TEST PROBLEMS }

RADIO-AID LTD.
M a n u fa c tu re rs  a n d  D istr ib u to rs o f  Laboratory a n d  Indu stria l Test Equ ipm ent

29 MARKET STREET, WATFORD, HERTS, ENGLAND supewT watford

® © ° i LOW LOSS<§.l HJŁIIS
TRANSRADIO LTD. i6 the h ig h w a y - b e a c o n s f ie ld - 1 2 -bucks.
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ERG’S HAVE THE URGE TO GO ABROAD

ERG  R E S IS T O R S  LTD
102a Finchley Road, 

London, N.W.II
P H O N E :  S P E E D W E L L  6967

H P O R T i y

E R G  Resistors 
have an exceptional electrical specification 
and performance, with mechanical strength.

High Grade Vitreous Enamels used on 
our Tropical Resistors give long life, and 
definitely assist in the trouble-free manu
facture and performance of Radio Receivers, 
Television and Test Equipment.

Processed up to the highest Service 
Standards at a competitive price.

«

I
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MERVYN
R.F. A L I G N M E N T  O S C I L L A T O R

A new alignment oscillator operating at television frequencies, compact in 
form and robust in design, with means for self-calibration at three pre
determined frequencies.

In conjunction with the ordinary cathode ray oscilloscope, this alignment oscillator provides 
a ready production check of the sound and vision channels, as well as the overall performance 
of Television Receivers.

It employs a triode oscillator whose mean frequency can be set between 35/50 Mc/'s. The 
. instantaneous frequency automatically varies to cover the entire television channel 50 times 
per second. A  second triode oscillator is arranged so that it can be switched to any of 
three predetermined frequencies which are maintained with a high degree of stability.

A sinusoidal time base for the oscilloscope is incorporated. In production testing a response 
curve can be conveniently checked for compliance with a specified bandwidth by using a 
suitably ruled scale in front of the oscilloscope screen.

DESIGNED AND MANUFACTURED BY

T H E  M E R V Y N  S O U N D  & V I S ION  CO. LTD.
MERVYN WORKS, MAYBURY ROAD, W OKING. W O KING  2091.
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2 LO first came on the air and, 
later in the same year, I was 

associated with the promotion 
of my Company to manufacture 

Insulated Instrument W ire and 
provide immediate - personal- 

attention to the multifarious 
requirements of a rapidly pro

gressive science.

Extract from  
THE STORY OF BROADCASTING

A. R. B U R R O W S

1“  In the spring of 1922 a rival 
to W ritt le  appeared In the 
field at uncertain intervals. 
This was a station known as 
2 LO, a 100-watt set contained 
in a small teak cabinet, and 
housed in the cinema theatre 
on the top floor of Marconi 
House, London. This set, 
which was of a number of 
standard transmission pro
ducts, was used for demon
strations ................................ ”

“  In the summer of 1922 there 
came indications of a changed 
attitude towards broadcasting 
by the English Post Office, the 
Government mouthpiece in 
wireless affairs. A t once the 
Marconi Company’s engineers 
commenced work in the 
designing of what they con
sidered would be the Govern
ment’s idea of a British 
broadcasting station. Valves 
and condensers

Close co-operation with Radio 
Research and development, 

linked with rapid production 
methods and prompt service, 

have been for 24 years and will 
remain the policy of my 
Company.

m a n a g i n g : d i r e c t o r

28th JANUARY

1 9  4  6

THE SCOTT INSULATED WIRE CO. LTD.

WESTMORELAND ROAD

LO NDO N, N.W.9
TELEPHONE : COL 8871-4 

TELEGRAMS : “ SILCOTENAM ”
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“ N o  property of the resistance presented any apparent alteration.” 
Such is the report of an independent laboratory, after testing a 
W elw yn Vitreous Resistor for 670 hours (nearly a month) at continu
ous double load. (Normal load gives working temperature of 450° C.) 
All W elw yn resistors, of  every size and for every purpose, are built to  
the same high standard— IW  to  300 W .

W elw yn High Stability Carbon Resistors— |  to  2 W , 10 ohms to  8 
megohms, close tolerances, low temperature and voltage co-efficient, 
tropical grade to  KII0.  N ew  catalogue now available for Trade.

WELWYN ELECTRICAL LABORATORIES LIMITED
W E L W Y N  G A R D E N  C IT Y ,  H E R T S

Te lephone  : W e lw y n  G arden  3816-8
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TELEVISION AER IA L
‘ Q U I Z ’

Answers  to some of  the questions we are co nt i nua l l y  
rece iv ing  by letter and te lephone

■. •A-i ■
T _ ------------------I

Q U E ST IO N  I. What are the advantages obtained when using a reflector with
a dipole?

A N S W E R ,  (a) It is necessary in areas of weak field strength to increase the 
signal input to the receiver.

(b) The directional properties can be utilised as a means of minimising 
interference, particularly so, if the aerial can be installed in such a 
position that the location of the source of interference is placed 
behind the reflector in relation to the transmitter.

(c) By rotating the aerial, ghost image can be reduced or eliminated.

Q. 2. Is it advantageous always to erect the aerial on the highest possible point 
o f the building?

A . No, not always ; sometimes a building can be used to screen against 
interference.

Q. 3. What type o f feeder should be used with a dipole TV. aerial?
A . T.V. Receiver designers still fall into three schools of thought:

(1) Coaxial feeder which needs complicated matching and balancing at 
the dipole end for best results and minimum interference.

(2) Unscreened twin which is the cheapest but needs a carefully balanced 
input circuit in the receiver for optimum results and does not 
provide a screened input to stabilise a super sensitive receiver.

(3) Screened twin which gives the advantages^of both but is a trifle 
dearer than coaxial.

If the receiver manufacturer makes a strong recommendation for his set 
it should be adhered to, but otherwise in most localities the cheapest,
i.e. the twin unscreened feeder of 70 to 80 ohms impedance, will give 
no apparent loss even when connected to a coaxial input.

Q . 4. Does water at the centre o f a TV. dipole affect reception?
A. No, as this will only produce a parallel resistance across the dipole 

terminals of several thousand ohms. As an example we may assume 
that the parallel resistance is 10,000 ohms at 45 M.C/S across a dipole 
of approximately 70 ohms radiation resistance. From the formula of 
resistances in parallel :

RT =
RI X R2 10000 x 70 700000

=  69.51 ohms

Television A eria l prices from  37/6 to 
1101- w ith  and w ith ou t reflector. 

I llu s tra tio n  shows L502L p rice  110/- 
Cable L336 e x tra  per yard 9d.

Rl + R2 10000 +  70 10,070
it can thus be seen that the reduction in signal is less than 1% and can 
be neglected.

. . .  TO BE CONTINUED

BELLING & LEE LTD
CAMBRIDGE ARTERIAL ROAD, ENFIELD. M ID D X
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A. F. BULGIN & CO. LTD., BYE PASS ROAD, BARKING, ESSEX
Telephone : RIPpleway 3474 (5 lines)

A  Name Famous in Radio 
fo r over 1,000 Components

The A vro Tudor II is making aviation history. Huge in size, with a wingspan of 120 

feet and a length of 105 feet, the Tudor II is the commercial air liner of the future, bring

ing the capitals o f the world within easy reach of Britain. Precision-built to the last 

detail, this flying giant incorporates every modern accessory, including components by 

BULGIN . Switches and signal lamps by these famous makers play their part as they 

did in the mighty bombers o f the R .A .F. That battle record 

and the skill and research of twenty-five years are behind every 

component that bears the B U LG IN  name.

A -y Bulgiti Toggle Switches available in over 200 
standard types from light to heavy duty.

Bulgin Signal Tamps in )6  types from 
miniature to wide vision-angle panel 
mountings for button-neons or M .E .S. bulbs.

BULGIN

( i i )



'T e s tin g  T im e  
A h e a d . . .

R E C O N S T R U C T IO N , a s  w e now  know  too  w ell, m ean s  
so m e th in g  o th e r  th a n  en jo y m en t of th e  n o n -e x is te n t f ru its  
of v ic to ry . T he am en itie s  of a  w o rld  a t  w e ll-e a rn ed  peace 
a re  n o t fo r u s  u n til  w e have  rep laced  th e  ra v a g e s  of w a r 
w ith  th e  n ecess ities  of life an d  th e  re a litie s  of u n iv e rsa l 
peacefu l in te n t fo r v ic to rs , v ic tim s  an d  v an q u ish ed  a like . 
T h a t is  speak ing  collectively . . . .  F o r  o u rse lv es, we 
le a rn ed  m u ch  a n d  p ro g re sse d  fa r  in  th e  s ix  y e a rs  of 
cease less to il, u rg e d  on by  d ire  necess ity  an d  p e ril. We 
a re  n o t re s tin g  now . W e a re  s till p re s s in g  on, p re s s in g  
in to  th e  serv ice of th o se  en gaged  in  reb u ild in g  th e  body 
a n d  sou l of a  w hole w o rld  th e  know ledge ga in ed , th e  
ad v an cem en ts  p erfec ted , th e  sk ill an d  c ra f tsm a n sh ip  

th a t  o u tm a tch ed  th e  e ffo rts  of o u r  en em ies.

P R E C I S I O N  ELEC TR IC A L M E A SU R IN G  IN S T R U M E N T S

R e g d .  T r a d e  M a r k

Sole Proprietors and M anufacturers :
T H E  A U T O M A T IC  C O IL  W IN D E R  &  E L E C T R IC A L  E Q U I P M E N T  C o . Ltd.
Winder House, Douglas Street, London, S.W.I. ’Phone : VICtoria 3404-8

“Avo” E lec trica l Testing  
I n s t r u m e n t s  s e t  a 
standard by which o ther 
instrum ents a re  judged.

T H E
U N IV ERSA L AVOM ETER 

T H E  “  AVO ”  
A L L-W A V E O SC ILLA TO R  

T H E
“ AVO”  VALVE TESTER 

T H E
“  AVO ”  TE ST  B RID G E 

T H E
U N IV ERSA L A V O M IN O R  

T H E  D .C . A V O M IN O R  

T H E
“  AVO ”  L IG H T  M ETER 

T H E  “  AVO ”  
EXPOSURE M ETER 

E T C ., ETC . 
Catalogues on app lica tion
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TRANSFORMERS
conform to the best modern practice and have 
a pleasing finish. They are vacuum impregnated 
in tropical wax and are constantly being used 
in apparatus supplied to many government 
departments.

R.M. ELECTRIC LIMITED
T E A M  V A L L E Y ,  G A T E S H E A D ,  I I .
T e l e p h o n e :  L o w  F e l  76057-8-9 T e l e g r a m s  .-“ A u d i b l e  " G a t e s h e a d

(iv)



as 
I scale

S e n d  e n q u i r i e s y o u r  u s u a l  f a c t o r  o r  d i r e c t  to:

| E le c tr ic a l In stru m en ts Ltd .
419-424 M O N T R O S E  A V E N U E ,  S L O U G H ,  B U C K I N G H A M S H I R E  

L  ■ ■  T e l :  S l o u g h  21381 ( 4 l i n e i )  G r a m s :  “ T a y l i n s "  S lough

(V)



RICHARD THOMAS & BALDWINS LIMITED
W IL D E N  IR O N W O R K S, STO U RPO RT-O N-SEVERN, W ORCS.
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450° is a normal 
working tem perature

for vitreous-enam elled

''W ctwyn  resistors

Such is the quality of the enamel used in Welwyn 
Vitreous Resistors that they will operate continu
ously at 450° C. This is more than twice the safe 
temperature for ordinary vitreous resistors. Sizes 
for every purpose— I W . to 300 W . Welwyn High 
Stability Carbon Resistors—  ̂W . to 2 W , 10 ohms to 
8 megohms, close tolerances, low temperature and 
voltage co-efficient, tropical grade to K110. New 
Catalogue now available for Trade.

WELWYN ELECTRICAL LABORATORIES LIM ITED
W E L W Y N  G A R D E N  C IT Y ,  H E R T S .

Telephone : Welwyn Garden 3816-8.
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Radio manufacturers and engineers 
can now obtain Ersin Multicore 
Solder in 60/40 tin/lead alloy 
without restriction. 60/40 Solder 
has a 48° low er melting point than 
40/60, sets quicker, and makes 
joints b righ ter in appearance. 
60/40 alloy Ersin Multicore Solder 
is available for m anufacturers in 
most gauges betw een 10 and 22 
S.W.G. at bulk rates. Service 
Engineers can obtain 14 and 18 
S.W.G. Solder on nominal 1 lb. 
reels from most factors.

J

NOMINAL 1 lb. REELS HIGH TIN CONTENT PRE.WAR QUALITY
Catalogue 

Reference No.
Alloy

Tin/Lead S.W.G. Approx. length 
Nominal 1 -lb.reel

Price nom. Mb. 
reel (subject)

16014 60/40 14 64 feet 6/.
16018 60/40 18 178 feet 6/9

•  • It/ '

M U LTICO RE SOLDERS L T D ., M ELLIER H O U SE, ALBEM ARLE STR EE T, L O N D O N , W .l .  Tel. REGent 1411 (P.b.x. 4 lines)

This machine enables Multicore to be made 
in gauges between 10 and 22 S.W.G.

High Precision standard of soldered 
joints obtained with Multicore.

Pure tin and lead used in Multicore Solder 
ensures uniform high quality
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HARD LABOUR FOR LIFE!
Countless are the  demands made on the  switch. It must be strong, robust,  
to  have any future, to  withstand gruelling daily usage.
Only one switch can offer the  highest developm ents o f  design and 
construction . . . the  exclusive Oak double-contact, double-wiping clip, and

the  floating rotor for automatic  
correction of any slight mal-align- 
ment in multi-gang set-ups.
F or  u n f a i l i n g  a nd  t r o u b l e - f r e e  
switching specify and use the  British 
N.S.F. Oak Switch.

O th e r B r it ish  N.S.F. P roducts include: 
P A P E R  C A P A C IT O R S ,  S IL V E R E D  M IC A  
C A P A C IT O R S ,  W IR E  W O U N D  R E S IS T O R S  
and V O L U M E  C O N T R O L S .  D e ta ils  on  request.

D O U B LE  C O N T A C T — FLO A T IN G  RO T O R

OAK
B R I T I
N.S.F. CO.

SWITCHES
K E IG H L E Y ,  Y O R K S H IR E .  Phone: K e igh le y  4221/4 Groms: Enesef, K e igh le y

SO LE L ICEN SEES O F TH E O A K  M A N U FA C T U R IN G  CO. LTD., C H IC A G O
BRITISH N.S.F. SUB-LICENSEES: THE PLESSEY CO. LTD., AN D  A.B. METAL PRODUCTS LTD

A S  F R O M  A U G U S T  1st  O U R  L O N D O N  A D D R E S S  I S  
9 STRATFORD PLACE, W .l Wei beck 4234
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THE MOST FAMOUS SET MAKERS ARE AGAIN FITTING

RADIO VALVES AND 
CATHODE RAY TUBES

because of their

PERFORMANCE AND 
RELIABILITY

CHARACTERISTIC CURVES OF AVERAGE

M AZDA VALVE HL.2S DD.

B U S S E S :» » !

THE FILAMENT CURRENT OF THE 
MAZDA HL.23DD IS EXCEPTION
ALLY LO W ; IT IS ONLY 50mA.

ITS M U T U A L  C O N D U C T A N C E  
(9m-l.2mA/V) IS REMARKABLY HIGH 
FOR A VALVE HAVING SO LO W  A 
FILAMENT CONSUMPTION.

THE ANODE A.C. RESISTANCE IS 
O N LY  21.000 O HM S W H IC H . 
C O U PL ED  W IT H  TH E  H IG H  9m 
MAKES THE VALVE PARTICULARLY 
S U IT A B LE  FO R  S IM U LT A N EO U S  
FUNCTIONS OF DETECTION. A.V.C. 
A N D  A U D IO  F R E Q U E N C Y  
AMPLIFICATION.

THIS VALVE MAY BE USED AS A 
REPLACEMENT FOR THE BVA. 132 IN 
THE CIVILIAN WAR-TIME RECEIVER.

- 7  - 6  - 5  - 4

THE EDISON SWAN ELECTRIC COMPANY LIMITED 155, CHARING CROSS ROAD, LONDON, W.C.2

'  .

0 0



. . . the fundamentals of PUBLIC ADDRESS 

TECHNIQUE FOR RADIO ENGINEERS

Devoted exclusively to public address, this handbook deals with the technical 
and practical problems confronting the public address engineer. Contents 
include:—Specifications — Distortion— Frequency Response — Gain, etc.—Loud
speaker Location—Feedback—Echo—Time Delay—Masking—Reflection—Wind 
Effect, etc.— Loudspeaker — Matching—Phasing—Impedances— 120v. Line, etc. 
Microphone Lines — Mixing, etc. — Pickup Correction — Filtering, etc. — Operating 
—Speech Boosting — Background Music, etc.— Appendix Tables, etc.

This Handbook is a  genera l text book and  does 
not specify or illustrate our own o r o ther m akes 
of equipm ent. Details of our range  will b e  sent 
free on request.

(fsafl£TCJST I£dL

M C E

3 6
POST F

MANUFACTURING CO. LTD. 
HUNTINGDON TEL. 361
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POINTERS FOR 
DESIGNERS

C

The CMG 8 is a typical example of the OSRAM range of emission- 
type photocells which constitute the essential means of converting 
light changes into electric current. Widely used in sound 
projectors and industrial apparatus they are non-microphonic 
and of convenient size. Outstanding features include :—

^  Linear response for sound reproduction giving undistorted output.

M  High sensitivity to  artificial light.
*  A  detailed technical data  sheet is available on request.

O sram & s . e . O sram
PHOTO CELLS C A T H O D E  R A Y  T U B E S V A L V E S

Advt. o f  The General E lectric  Co., Ltd., M agnet House, K ingsway, London, W.C.2.
)
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HALF FULL SIZE

C O S S O B
MULTIPLE 
RECORDER

for the 

PHOTOGRAPHIC  
IN V E S T IG A T IO N  
OF TRANSIENTS

with

This equipment is the latest development In the use of sealed-off Cathode Ray Tubes in 
Multiple Recording technique as pioneered by Cossor.

The robust design is Intended to make it suitable for field tests, including Traction Recording, 
Marine and Motor testing and other industrial investigations.

The equipment comprises a Model 440Twln Tube Un it using tw o4 |ln .d ia . Double Beam Tubes, 
a Model 423 Film Camera Un it and a Model 430 Drive Unit. It provides simultaneously four 
Independent records plus one central electro-optical time marking on 70 mm. unperforated 
film or paper. By means of Interchangeable gears and/or motors a film speed range of 
0.00S-250 cms/sec. Is obtainable w ith a tube spot writing speed up to 2 kms/sec.

Two or three units may be mounted one above the other and driven by the single Drive Unit 
to provide up to a maximum of twelve simultaneous records plus three time/event markings.

A .  C .  C O S S O R  L T D
IN ST R U M E N T  DEPT.

H IG H B U R Y  G RO V E  L O N D O N ,  N.5
Telephone: Telegrams:

CANonbury 1234 (30 lines. Amplifiers, Phone, London.

CATHODE RAY TUBES
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THE NORTHERN POLYTECHNIC, HOLLOWAY ROAD, N.7.
Principal: T. J. DRAKELEY, D.Sc., Ph.D., F.R.I.C., F.I.R.I.

DEPARTMENT OF RADIO TECHNOLOGY

Head of Department: S. A. HURREN, M.C., Hon.M.Brit.I.R.E.

SENIOR SCHOOL. The senior courses are intended for students who desire 
to qualify for technical positions in radio and television work. They are 
planned to include two years, full-time study, after which the student may 
remain for individual research. Full preparation is given for the Graduateship 
Examination of the Brit.I.R.E., and for the appropriate examinations of the 
City and Guilds of London Institute.
SECONDARY TECHNICAL SCHOOL. Full-time tuition is given in all matters 
relating to the elementary branches of radio technology, the third year being 
arranged as an intensive practical course. On completion of the junior course, 
students may continue their training in the senior school. L.C.C. Grants and 
Senior Technical Awards from the Home Counties are awarded annually 
to the best students for this purpose. Prospectus free on application to 
Secretary.

SCOTTISH SECTION PROGRAMME 1946/7
The dates of Scottish Section meetings were published in the March/May, 1946, Journal. The Section will 

meet on alternative months in Glasgow and Edinburgh. Final arrangements for the first part of the session are as 
follows :—

GLASGOW

October 10th, 1946 :

A Paper by 
Professor G. W. Howe, D.Sc. 

on
The Ionosphere and the Transmission o f Radio 

Waves.”

December 12th, 1946 :

A Paper by 
Fit/Lt.. C. Bovill 

on
“Aircraft Radio.”

February 13th, 1947 :

A Paper by 
J. M. A. Lenihan, M.Sc. 

on
“ Electronics in Nuclear Research.”

April 10th, 1947 :
(Details to  be arranged.)

EDINBURGH

November 20th, 1946 :

A Paper by 
P. Adorian 

on
“ Development o f Wire Broadcasting.”

January 15th, 1947 :

A Discussion opened by
C. F. Lines 

“ Modern Receiver Design.”

March 19th, 1947 :

A Discussion opened by 
A. Bogie

“ Television Development in Scotland.”

(xiv)



THE MULLARD WIRELESS SERVICE COMPANY LIMITED, CENTURY HOUSE, SHAFTESBURY AVE„ LONDON, W.C.2 (1 4 3 A)

OMINANT NAME IN ELECTRONICS

VALVES

Recommended Types for 
i A.C./D.C. Mains Operated Receiver.
\ CC H  35 Frequency changer.

EF 39 Intermediate Frequency 
Amplifier.

EBC  33 Detector L.F. Amplifier. 
C L  33 Output Pentode.

1 C Y  3 1 Rectifier.
Other recommended types are available for 

A.C., battery and portable receivers.
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OS V I T A V O X

H ere a t  V IT A V O X  th e  change-over from  w ar tim e 
p roduction  to  m ore peaceful pu rsu its  has gone well, 
w ith  the  resu lt tha t we are now  able to  offer you the 
full range o f  V ITA V O X  p roducts  in  increasing q uan 
tities . . .  in som e lines m ore, how ever, th an  in  others. 
V ITA V O X  products are  b u ilt w ith  Q uality  and 
R eliability  as the m ain consideration , w ith the  C rafts
m anship  backed by a  G uaran tee. T e ll us w hich item s 
in terest you m ost an d  w e will send  you fu ll data  and  
specifications.

LO U D SPEA K ER  UNITS.
PRESSURE TYPE. 

T ype “ B ”
£6. o. o. 
T y p e  “ N ”  

£ 1 3 . o. o .

LO U D SPEA KER  UNITS.
CONE TYPE. 

M odel K 12/10 
£ 7 . o. o. 

M odel K  r 2/20 
. £ 1 1 . o. o.

“  B ITO N E ”  SPEAKER.
S t a n d a r d  m o d e l  
com prising K 12/10 
Loudspeaker, “ B” 
T y p e  U n it, 6-cell 
550 type H orn  w ith 
F ilte r, in  sprayed 
g r e y  c a b i n e t .

£ 3 1 . 1 0 . o.

M IC R O PH O N E
STANDS.

Pedestal £ 4 . 5. 0.
B anquet £ 2 . 15. o. 
D esk £ 1 . I. o.

BEAM PRO JEC TO R 
SPEAKER.

C om plete 
£ 16 . o. o.

LO U D SPEA KER  HORNS.
CIRCULAR.

4 2 ' £ 8 . o. o.
75" £ 16 . o. o.

M O VING  C O IL TYPE 
M ICRO PHO NES.

T ype “ A ”  
(H ead only) 
£ 8 .  8. o.
T y p e  “ B” 

(H and  model) 
£5- 5- 0.

M ULTICELL H O RNS.
220 T y p e  

¿ 2 . o. o. 
per cell. 

550 T y p e  
£ 1. 10. o. 

per cell.

R A N G E  O F  S P A R E S  A N D  A C C E S S O R I E S .
Spare diaphragm s and  Voice Coils f o r S p a r e  C one and Voice Coil Assem blies fo r 

p ^ K 12/10  and K 12/20  Loudspeakers . .  £ 1 . 5.
“ B”  and “ N ”  T v o e  U n i t s ................................... £ 1 . 5. o. Shielded M icrophone T ra n sfo rm e rs .. . .  £ 1 . 15-

Shock A bsorbers for “ A ’ T y p e  M icrophones £ 1 . 5.
All obtainable fro m  V IT A V O X  accredited R -W .F . Wholesalers— i f  y o u ' encounter any difficulty, please write to us direct.

V I T A V O X  L T D W e s t m o r e l a n d  R o a d ,  L o n d o n ,  N . W . 9  
Telephone: • • C o l indale 8671-2-3

DISCRIMINATING ELECTRONIC ENGINEERS
USE

‘RADIO-A ID’ PRODUCTS

Type ‘B* Voltmeter 

£ 4 2 - 1 2 - 0  

Crystal Calibrator 

£ 2 3 - 1 9 - 0

RADIO-AID LTD., 29 m arke t s t re e t ,  w a t f o r d ,  herts.
Telephone : W ATFORD 5988.

Type * B ’ R.F. Electronic Voltmeter 0-250 volts 
R.M.S. in Four Ranges of 1, 5, 25, and 2S0 volts 
Full Scale Mains Fluctuation Compensated.

Quartz Crystal Calibrator, Mains 
Driven, Modulated when Desired, 
10, 100 and 1000 kc.s. Markers.
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mm
T R A D E  M A R K

C A P A C I T A N C E  & 

R E S I S T A N C E

ANALYSER

MEASURES CAPACITY
. . .  of all types of Capacitors, and 

circuit wiring. Range: 0.00001 mfd. to 50 mfds.

MEASURES POWER FACTOR
. . .  of all types of electrolytic». 

Scale calibrated zero to 50 %  power factor.

MEASURES RESISTANCE
. . .  of all types carbon and wire 

wound resistors from 50 ohms to 5 megohms.

MEASURES INSULATION RESISTANCE
. . .  of paper and electrolytic capa

citors» and all types insulation.

DETECTS DEFECTIVE CAPACITORS
. . . leaky, shorted, low and high 

capacity and high power factor capacitors 
of usual and intermittent types.

TESTS CONTINUITY
. . . can be used as continuity 

meter to test all types of circuits.

De v e l o p e d  in the, light of Hunt’s 
experience as capacitor makers, 

this instrument, with its wide range of 
application, and simple operation with 
accuracy, is a valuable asset- to the 
Service Engineer.
One dial reading without charts or graphs. 
Complete and portable, with accommoda
tion for all accessories. 2l0-250v. A.C. 
50 cycles. Dimensions : 6 J" x 9 |" x 5".

List Price £18 . 18 . 0.

A .  H . H U N T  LTD • L O N D O N  • S . W . I 8  • E S T A B L I S H E D  1901
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MERVYN
R.F. A L I G N M E N T  O S C I L L A T O R

A new alignment oscillator operating at television frequencies, compact in 
form and robust in design, with means for self-calibration at three pre
determined frequencies.

In conjunction with the ordinary cathode ray oscilloscope, this alignment oscillator provides 
a ready production check of the sound and vision channels, as well as the overall performance 
ofTelevision Receivers.
It employs a triode oscillator whose mean frequency can be set between 35/50 Mc/s. The 
instantaneous frequency automatically varies to cover the entire television channel 50 times 
per second. A  second triode oscillator is arranged so that it can be switched to'any of 
three predetermined frequencies which are maintained with a high degree of stability.
A  sinusoidal time base for the oscilloscope is incorporated. In production testing a response 
curve can be conveniently checked for compliance with a specified bandwidth by using a 
suitably ruled scale in front of the oscilloscope screen.

DESIGNED AND MANUFACTURED BY

T H E  M E R V Y N  S O U N D  & V I S I ON  CO. LTD.
MERVYN WORKS, MAYBURY ROAD, W OKING. W O KIN G  2091.
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ERG’S HAVE THE URGE TO GO ABROAD

^ i x p o m y

E R G  Resistors 
have an exceptional electrical specification 
and performance, with mechanical strength.

High Grade Vitreous Enamels used on 
our Tropical Resistors give long life, and 
definitely assist in the trouble-free manu
facture and performance of Radio Receivers, 
Television and Test Equipment.

Processed up to the highest Service 
Standards at a competitive price.

ERG INDUSTRIAL CORPORATION 
LTD.

Sa les O ffice :

10 Portm an  Square, London, W .l  
P H O N E :  W E L B E C K  3 8 9 2
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BELLING - LEE QUIZ (No. 2)
A selection o f answers to questions we are continually asked by 

letters and telephone

Question 5. Does a M egger test at the receiver end 
o f  the feeder whilst it is connected at the dipole, tell 
the whole story?

Answer 5. N o , it should  be rem em bered th a t the 
norm al voltage induced in the  aerial system  is som e
thing ■ less th an  1 volt, whilst the M egger applies a 
P.D . o f  590 V o r m ore and  is therefore  considered 
unsuitable.

Question 6 . When may a M egger be used?
Answer 6. W hen the  feeder is disconnected from  the 

dipole, it can be used to  check the insulation  resistance 
o f the feeder, bu t th is will n o t ind icate  a varia tion  o f
its characteristic  im pedahce. This latter fau lt is only
likely when the feeder has suffered som e m echanical 
damage.

Question 7. How should the dipole be tested?
Answer 7. Only a visual exam ination  is necessary 

in most cases, and  o f  course it m eans dism antling the 
aerial system.

Question 8 . Is 
there any advan
tage in covering
the terminals o f  a 
dipole ?

Answer 8. Yes, 
a lthough  w ater, 
ice o r  snow by 
themselves will 
n o t affect the 
picture, corrosion  
at this po in t 
w o u l d  c a u s e  
troub le  th rough  
ultim ate fracture  
o f  the leads. A 
sam ple Belling- 
Lee dipole assem
bled to  a short 
length o f  336 
feeder has been 
subm itted to  an  
accelerated life 
test (full K . 1 1 0  

tropical test, 1 

dry cycle a t 71°C. 
and  2 1  wet cycles 
at 61°C). Very 
slight corrosion  
occurred on  the 
zinc plated and 
passivated ferrous

parts, the deposit m ainly being zinc oxide with probably 
slight trace o f  zinc carbonate.

U pon  rem oval o f  the flange and  rubber teat encasing 
the  connections, these (the connections) were found 
to  be in excellent condition and practically unaffected 
by the test.

Question 9. Why m ake T V  aerials o f  expensive rigid  
construction ; will a wire not do ju s t  as well ?

Answer 9. A  TV* aerial is really a tuned circuit 
which has been pulled ou t o f  com pact shape. It 
therefore possesses a m easure o f  selectivity. The 
reason fo r m aking the elem ent rigid is because it is 
know n th a t th is flattens the response and thus m akes 
it m ore certain  to  produce high definition (sharp focus). 
This particularly  applies now th a t the band w idth o f 
the transm ission has been increased, and  i f  receiver 
designers take advantage o f  the h igher quality  o f trans
m ission a deterio ra tion  o f  definition could  be observed 
if  the present rigid dipole elem ent was replaced by 
say 7/22 copper wire.

Question 10. M ust a plug and socket fo r  a television 
receiver be matched to the feed er?

Answer 10. Theoretically yes, and  a t V .H .F . and 
centim etre frequencies used by so m any o f  us in the 
services it was m ost im portant, bu t a t TV frequencies 
(45 mc/s) it ju s t does no t m atter.

W here the length o f the plug and socket is very short 
com pared with the wavelength (as in television), 
characteristic  im pedance is a wrong consideration. 
A tw o inch plug and socket is ju st a capacitance, and 
this may be as high as 22 p p F  before signal level 
becomes reduced by 1 db., whereas a typical TV plug 
and socket has a capacitance o f  only 10 pp F . A m athe
m atical paper with form ula explaining this will be 
sent post free on application.

........................ T O  B E  C O N T I N U E D

♦L .502/L . Dipole, reflector and cross arm , chimney lashings
( l e s s  m a s t ) . .  . .  . .  . .  £ 5 . 5 . 0

S u p p l i e d  a l s o  w i t h o u t  r e f l e c t o r  a n d  ¡ o r  c h i m n e y  l a s h i n g s .

BELLING & LEE LTD
CAMBRIDGE ARTERIAL R O A D , ENFIELD, M ID D X



(xxi)

This 600 ft. steel radio tower, 

one of three which we built for the 

G.P.O., was designed by Blaw- 

Knox, Ltd. The erection of such 

towers and masts demands a high 

degree of specialized knowledge 

and a vast exp erien ce . B. I .  ? 

Callender’s have built some of the 

tallest radio towers in existence and 

are prepared to undertake further 1 

work in any part of the World.

F u rth er  in fo r m a tio n  is  

available on request.

'v~  '
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here’s L ig h t  on the dark subject of

Q E u v E m e .

Larger premises have boosted our production . . .  we now 
give p ro m p t delivery of our Type H900 Flush Ceiling 
Fitting Fluorescent Lighting. Designed to give the widest 
range of usefulness, well constructed in the finest materials 
and finished in stove baked Cream Enamel, it comes to you 
complete with lampholders, suppressor gear, starter, 
etc. . . .  in fact, ready to plug in. Industrial Type Fittings 
also supplied. W r ite  to-day for further details and prices.

MEICD

Vfe offer
PROMPT

deliveries of 
FLUORESCEN 
LIGHTING

f

M I C R A M A T I C  E L E C T R I C A L  I N S T R U M E N T  C O .  L T D .
M E I C O  W O R K S  - C O N G L E T O N  - C H E S H I R E  . T E L E P H O N E :  C O N G L E T O N  607. 571, 572

*  t
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BASICALLY BETTER
A / / * - S P A C E D

1LL0WL0SS<§>imV£&
TRANSRADIO LTD. I6THE h ighway-beaconsfie ld-12-bucks
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Extract from  

THE STORY OF BROADCASTING  
A. R. B U R R O W S

2 LO  first came on the air and, 
later in the same year, I was 

associated with the promotion 
of my Company to manufacture 

Insulated Instrument W ire  and 
provide immediate - personal- 

attention to the multifarious 
requirements of a rapidly pro

gressive science.

Close co-operation with Radio 
Research  and d eve lo p m en t, 

linked with rapid production
methods and prompt service, 

flo,. , I have been for 24 years and will“  In the summer of 1922 there Lam H a v e  L / e e n  /

came indications of a changed ■  r e m a i n  t h e  p o l i c y  o f  m y
attitude towards broadcasting
by the English Post Office, the C o m p a n y
Government mouthpiece in 
wireless affairs. A t once the 
Marconi Company’s engineers 
commenced work in the 
designing of what they con
sidered would be the Govern
ment’s idea of a British 
broadcasting station. Valves 
and condensers....................”

“  In the spring of 1922 a rival 
to W r it t le  appeared in the 
field at uncertain intervals. 
This was a station known as 
2 LO, a 100-watt set contained 
in a small teak cabinet, and 
housed in the cinema theatre 
on the top floor of Marconi 
House, London. This set, 
which was of a number of 
standard transmission pro
ducts, was used for demon
strations ..................... ..

19 4 6
SCOTTTHE

W E S T M O R E L A N D  RO A D

LONDON, N.W.9

INSULATED WIRE CO. LTD.

TELEPHONE : COL 8871-4 

TELEGRAMS : “ SILCOTENAM ”
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VO R T E X I  ON
«SUPER FIFTY W ATT”
A M P L I F I E R

This amplifier has a response of 30 cps. to  15,000 cps., w ithin £ db, under 2 per cent, d istortion  
at 40 watts and I per cent, at 15 watts, including noise and d istortion  of pre-amplifier and 
microphone transform er. *  ,
Electronic m ix ing for m icrophone and gram ophone of either high or low  impedance w ith top  
and bass controls. O u tpu t for 15/250 ohm s w ith generous voice coil feedback to m in im ise speaker 
distortion. N e w  style easy access steel case gives recessed controls, m aking transport safe and 
easy. Exceedingly well ventilated for long life. Am plifie r complete in steel case as illustrated 
with built in 15 ohm  m u-m etal shielded m icrophone transform er tropical finish. Price 29^ gns. 
Special 8-way m ix ing unit for use w ith any amplifier but in particular the super fifty watt. It  is 
fitted in steel case standard instrum ent grey to match above amplifier and can be assembled 
with same to  form  one unit. Standard model for six 15 ohm  m icrophones and tw o high or low  
impedance pick-ups (with switched record com pensation) built in m u-m etal shielded transform ers 
and m etering jacks for each valve. Price complete for A .C. M a ins 27£ gns.
C.P. 20A-I5 w att Am plifie r for 12 V o lt  Battery and A .C. M a ins operation. Th is im proved version  
of the old C.P. 20 has switch change-over from  A.C . to D.C. and “ stand by ” positions, and only 
consumes 5£ am peres from  12 V o lt  Battery.
Fitted m u-m etal shielded m icrophone transform er for 15 ohm  m icrophone, and provision for 
crystal o r  m oving iron pick-up w ith tone control for bass and top and outputs for 7.5 and 15 ohms. 
Com plete in steel case w ith valves. £22 10s. Od.
W e  very much regret that ow ing to  increased costs we are reluctantly compelled to advance 
all the above prices by 10 per cent, on orders placed after July 1st.

V O R T E X IO N  LTD.
257/261 The Broadway, Wimbledon, S.W .I9
Phone: L IB erty  2814-6128. Telegram s V O R T E X IO N  W IM B L E  L O N D O N . ”
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E Q U I P P I N G  A  L A B O R A T O R Y  P

l e t i  f t
(fU A s

Time and again experience has shown that a considerable saving 
of time and money could have been made if Marconi Instruments 
had been called in at the very earliest stages o f equipping or re
equipping a scientific laboratory. All too often it is found that 
vital instruments have to be installed almost as an afterthought 
when it is too late to site them in the most logical and convenient 
place. All too often it is found after several measuring instruments 
have been installed that a single piece of Marconi apparatus could 
have done the work of them all.
Consult Marconi Instruments from the start—it costs nothing and 
may save a great deal of time and money.

MARCONI INSTRUMENTS LTD.
ST. A L B A N S ,  H E R T S . Telephone: ST. A L B A N S  4323/6. N orthern  O ffice: 30 A L B IO N  ST., H U LL . Telephone: H U LL  16144 

W este rn  Office: 10 P O R T V IE W  RD ,, A V O N M O U T H , B R IST O L . Telephone: A V O N M O U T H  438

D I - P O L E  A E R I A L S
w it h  or w i t h o u t  R e f l e c t o r s

F o r

F .M . R e c e i v e r s

Details on application to :

A N T I F E  R E  NC C/ I  L IMITED EL
P L E N D E R  P L A C E ,  P L E N D E R  S T R E E T ,  

L O N D O N ,  N . W . I .  ’ P H O N E :  E U S T O N  5 6 1 3 - 5
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PRE ClOlm METAL
Ivb C '

Platinum is one precious metal used in some of the range of Bulgin 
radio fuses. Every possible element, whether of precious or base 
metal, passes through the same meticulous triple test for material, 
workmanship and performance. Bulgin standards insist that all 
metals or alloys incorporated in their components are equally precise, 
whether plain or precious, since all are equally important links in 
the chain that leads to high fidelity reproduction.

Each Bulgin fuse conforms to British Standard Specification 
No. 646. Consistendy the Bulgin range has fulfilled and exceeded 
every requirement. Over 25 years’ accumulated knowledge and 
research in the design of radio fuses, shows itself in high quality and 
ease of replacement. The accurate construction of an outstandingly 
robust component means full protection against fire or damage 
by overload.

Supp lied  fo r  every ra ting  fro m  0.06 to 25 A .  based on rating a t 
carrying {1,0 0 0  hour m in.) current and  blowing a t 50%  to 7 5%  overload.

“ PA K ”  Fuses area Standard for the Armed Forces.
Bulgin “ PA K  ” Fuses were specially selected for Active 
Service because a therm al-conductive device absorbs heat 
surges from  the elem ent, allowing the  fuse to  blow only after 
longer overload. The Bulgin “ P A K  ” fuse is built to with
stand initial surges of 3  to 4  times its specified rating whilst 
blowing normally at twice the rating.

BULGIN
Makers of over 60 Types of Fuse

A. F. BULGIN & CO. LTD ■ BYE PASS ROAD • BARKING • ESSEX • RIPpleway 3474 (5 lines)

(ii)



T H E  world-wide use of “ A V O ” Electrical 
Testing Instrum ents is striking testimony to 
their outstanding versatility , precision and 
reliability. In every sphere of electrical test 
w ork, they are m aintaining the “  AVO 
reputation for dependable accuracy, which is 
often used as a standard by which other instru
ments are judged.

I Sole Proprietors and 
Manufacturer»:

The A utom atic  Coil W inder & E lectrical E quipm ent C o ., Ltd. 
W inder H ouse, D oug las  St., L o n d o n , S .W .l. Phone: V ic to r ia  3404-9

(iii)



Look inside most o f today's 

receivers to see the 

industry's choice for 

capacitor dependability

Facts are inescapable . . . where 

capacitors are concerned it pays 

to go with the crowd— especially 

when good-will is so easily de

pendant on trouble-free long life. 

Follow the industry . . . use always 

Hunt Capacitors —  the reliable, 

tested product of the specialists in 

nothing but capacitors— in every 

form, type and price.

A. H. H U N T  LTD. 
LO N D O N . S.W.18 
Established 1901

( iv )



90 Ranges, 20,000 Ohms per Volt D.C. and A.C.

These extrem ely  sensitive and versatile instruments cover an 

extrem ely  w ide range o f  measurements with great accuracy and 

reliability. Many im provem ents have been incorporated including 

a very robust moving-coil m ovem ent which is fitted with overload 

protection. A self-contained battery gives resistance readings from 

0.1 ohms to 20 megohms and a buzzer is fitted for use on continuity 

tests. W ith external battery the maximum range is 2,000 megohms.

Price £19.19.0

A T A t W  T A Y L O R  E L E C T R I C A L  I N S T R U M E N T S  LTD.
'  4 1 9 - 4 2 4  M O N T R O S E  A V E N U E ,  S L O U G H ,  B U C K S .

Tel.: Slough 21381 (4 lines) ’G ram s: “ Taylins” , Slough

(V)



STEEL STAMPINGS

E lec trica l steel

la m in a tio n s  fo r

T ra n s fo rm e rs .

A lte rn a to rs ,

M e te rs , M o to rs ,

&. S w itch g ear

C o m p le te  assem b lies .

D iap h rag m s.

WILDEN IRON WORKS, S T O U R P O R T -O N  - SEVERN

(vi)
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c a n n o t  a f t e *  n n p e

Tested independently, a standard Welwyn 

Vitreous Resistor was found to  w ork  perfectly 

after 24 hours’ immersion in sea-water. Welwyn 

Vitreous Resistors are 100% moisture-proof and 

completely reliable. T h ere ’s a size for every 

purpose— I W  to  300 W . Also W elw yn  High 

Stability Carbon Resistors f  W  to  2 W , 10 ohms 

to  8 megohms, close tolerances, lowtem perature  

and voltage co-efficient, tropical grade to  KI 10. 

N ew  catalogue now  available for Trade.

W E L W Y N  E L E C T R I C A L  
L A B O R A T O R I E S  L I M I T E D

W E L W Y N  G A R D E N  C IT Y ,  H E R T S
Telephone : W elwyn Garden 3816-8

(vii)



PRODUCTS

BRITISH INSULATED CALLENDER’S CABLES LIM ITED
NORFOLK HOUSE, NORFOLK STREET, L ONDO N W.C.2

r

Our products for the Radio 
Industry range from the tallest 
steel radio towers to o-ooi /xF 
capacitors. If you’re not in
terested in monsters or midgets 
we make a lot of other things 
besides, including every type of 
cable and wire used in radio 
work. You get the benefit of 60 
odd years research and manu
facturing experience when you 
specify B.I.Callender’s.

(viii)



a n d  îf& u 'U  b u w  w k if  

O A K  e n d s  s m ic A  Í A o u ú á s

•  E Q U A L I S E D  P R E S S U R E  ON R O T H  S I D E S
•  S E L F  - A L I G N I N G  •  S E L F  -  ( L E A N I N G

•  U N L I M I T E D  N U M R E R  O F  C O N T A C T S
(X y i- ilS  is the exclusive feature possessed 

by Oak . . . the equalised finger and 
thumb pressure on both sides eliminates 
faulty contact —  and maintains continued 
mechanical and electrical efficiency.

Combined with the Oak floating

rotor, this double contact represents the 
highest development in switch design. You 
can have these Oak advantages for any 
c ircu it— in rotary types from 2-way to 
26-way and in 2- or 3 - way lever and 
sliding types.

O th e r N.S.F . Products include P A P E R  C A P A C IT O R S ,  
S I L V E R E D  M I C A  C A P A C I T O R S ,  W I R E  W O U N D  
R E S IS T O R S  and V O L U M E  C O N T R O L S .  D e ta ils  on request.

CAK
SWITCHESBRITISH N.S.F. CO., LTD

Keighley, Yorkshire, England
London Office :
9, Stratford Place. W .l. Tel: MAYfair 4234

SO LE LICENSEES O F TH E O A K  M A N U FA C T U R IN G  CO. LTD., C H IC A G O  
BRITISH N.S.F. SUB-LICENSEES: THE PLESSEY CO. LTD., AND A.B. METAL PRODUCTS LTD.

(¡X )



THE MOST FAMOUS SET MAKERS ARE AGAIN FITTING

RADIO VALVES AND 
CATHODE RAY TUBES

because of their

PERFORMANCE AND 
RELIABILITY

LOW

HIGH

CHARACTERISTIC CURVES OF AVERAGE

M AZD A  V A LV E TP.25
PENTODE CURVES TAKEN AT Va =120 VOLTS.

2 -0

a ,  THE FILAMENT CURRENT OF 
T H E  M A Z D A  T P .2 5  IS  

/  EXCEPTIONALLY L O W ; IT IS 
,'7 ONLY 200mA.

ITS MUTUAL CONDUCTANCES 
(9m FOR TRIODE SECTION = 
l*7mA/V; 6m FOR PEN TO D E 
S E C T I O N  =  1-OmA/V)  A R E  
REMARKABLY HIGH FOR A VALVE 
HAVING SO LO W  A FILAMENT 
CONSUMPTION.

THIS VALVE MAY BE USED AS A 
REPLACEMENT FOR THE BVA. 172 
IN THE CIVILIAN WAR-TIME 
RECEIVER.

155, (HARING (ROSS ROAD, LONDON, W.(.2

(X)



Ersin Multicore Solder gives you HIGH SPEED precision 

production— the secret is in the Ersin Flux (exclusive 

to Multicore) combined with Multicore construction.

wire having
more than one core of flux can you be sure that the flux 
is always present. The 3 cores of Ersin Multicore Solder 
are filled with Ersin—the extra active non-corrosive flux. 
Only Ersin Multicore Solder can guarantee you freedom  
from dry joints, elimination of waste, rapid melting and 

speedy soldering. Write for technical 
information and free sam ples to Multicore 
Solders Ltd., Mellier House, Albemarle 
St., London, W .l or phone REGent 1411.

( x i )



POINTERS
FOR

DESIGNERS

The G.E.C. range o f  electrostatic industrial cathode ray tubes includes
four screen sizes down to  l | "  diameter. W id e ly  used in measuring and
similar instruments, their outstanding features in c lu d e:—
^  Brilliant screen traces and undistorted frequency response over a wide range.
^  Screens for photographic recording or for producing sustained images, when 
^  specially ordered.

Other types o f  tubes, including those suitable for television receivers
with black and w hite  screens will shortly be available.

D etailed  technical data  sheets are availab le  upon request.

CO sram  O sram  A
PH OTO C E L L S _____________ c a t h o d e  r a y  t u b e s  V A L V E S  1

AdvU o f The General Electric Co., Ltd., M agnet House, Kingsway. W .C .2.

(xii)
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4 0 S S 0 K
M ULT IPLE  
RECORDER

for the 
PHOTOGRAPHIC  
INVESTIG ATIO N  
OF TRANSIENTS 

with
CATHODE RAY TUBES

This equipment is the latest development in the use of sealed-off Cathode Ray Tubes in 
Multiple Recording technique as pioneered by Cossor.

The robust design is intended to make it suitable for field tests, including Traction Recording, 
Marine and Motor testing and other industrial investigations.

The equipment comprises a Model 440Twin Tube Unit using two 4^ in.dia. Double Beam Tubes, 
a Model 423 Film Camera Unit and a Model 430 Drive Unit. It provides simultaneously four 
independent records plus one central electro-optical time marking on 70 mm. unperforated 
film or paper. By means of interchangeable gears and/or motors a film speed range of 
0.005-250 cms/sec. is obtainable with a tube spot writing speed up to 2 kms/sec.

Two or three units may be mounted one above the other and driven by the single Drive Unit 
to provide up to a maximum of twelve simultaneous records plus three time/event markings.

A. C. CO SSO R  L T D
IN S T R U M E N T  DEPT.

H IG H B U R Y  G ROVE  L O N D O N ,  N.5
Telephone: 

CANonbury 1234 (30 lines).
Telegrams: 

Amplifiers, Phone, London.

HALF FULL SI7.E
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J O U R N A L  O F  T H E  B R I T I S H  I N S T I T U T I O N  O F  R A D I O  E N G I N E E R S

FOR DECEMBER 1946
M ID LA N D S S E C T IO N —COV EN TRY 

Thursday, December 12th, 1946

A  Paper by J. A. Sargrove,

“ A .C. Behaviour o f  the B arrier-Layer Photo  Cell,” 

a t 6.45 p.m ., Coventry Technical College, Coventry. 

Next m eeting : January  23rd, 1947.

L O N D O N  SEC TIO N  

Thursday, December 19th, 1946

A Paper by P. Vigoureux, D.Sc.,

“  Q uartz Oscillators,”

a t 6  p.m ., The London School o f  Hygiene and Tropical 
M edicine, Kepple Street (Gow er Street), W .C .l.

{Tea will be served at 5.30 p.m.}

Next meeting : January  16th, 1947.

OFFICIAL APPOINTMENT

SECOND ASSISTANT RADIO ENGINEER required by the Government o f Iraq for the Basrah 

Port Directorate for a tour of one year in the first instance. Salary Iraq Dinars 40 a month plus a 

high cost of living allowance between Iraq Dinars 11£ and Iraq Dinars 14 | a month according to 

number of dependants. (Iraq Dinar 1 =  £1.) Provident Fund. Free passages. Candidates must 

be Associate Members of the British Institution of Radio Engineers or hold the City and Guilds of 

London Institute’s Diploma in Radio Communications (Part III), and the Postmaster General’s First 

Class Certificate in Radio Communication. They must have had at least five years’ experience of 

radio engineering work including not less than two years on radio transmitters. Apply at once by 

letter, stating age, whether married or single, and full particulars o f qualifications and experience 

and mentioning the Journal o f the Institution to the Crown Agents for the Colonies, 4 Millbank, 

London, S.W .l, quoting M/N/14691, on both letter and envelope.

SECTION MEETINGS
N O R TH -EA ST ER N  SE C T IO N — 

N EW C A STLE-O N -TY N E

W ednesday, December 11th, 1946

A Paper by C. B. Bovill,

“  A Review o f R adio  Aids in  A viation ,”

at 6  p.m ., Neville Hall,

The N o rth  o f  England Institu te  o f  M ining and 
M echanical Engineers, W estgate R oad, Newcastle-on- 

Tyne.

{Tea will be served at 5.30 p.m .)

N ext m eeting : January  8 th, 1947.

N O R TH -W E ST ER N  SE C T IO N —M A N CH ESTER 

W ednesday, December 4th, 1946

A Paper by L. H. Bedford, O.B.E., M.A.,

“ The S trobe Principle in R adio  and R adar,” 

at 6.30 p.m ., College o f  Technology, M anchester, 1. 

N ext meeting : January  8 th, 1947.

(xiv)



RGI-240A
M ERCURY V A PO U R  RECTIFIER

PEAK INVERSE VOLTAGE 4,700 V
MEAN ANODE CURRENT 250 mA
TW O VALVES IN A SINGLE-PHASE FULL-WAVE 
CIRCUIT W ILL GIVE 1,500 VOLTS AT 500mA 
FILAMENT VOLTAGE 4.0 V
FILAMENT CURRENT 2.7 A APPROX.

Speaking oi
P O W ER

SU P P L IE S
Designers need no introduction to the 
Mercury Vapour Rectifier. Its advantages 
are quickly appreciated when good 
regulation in power supply is o f para
mount importance. But Mullard adds 
something else to consistent regulation 
and low initial cost. When manufacturing 
methods and processes keep pace with 

development, reliability in 
s e r v i c e  i s  a f o r e g o n e  
conclusion. This X-ray of the 
Mullard R G 1-240A shows 
the internal construction of 
yet another valve with a 
proved performance.

For further developm ents watch

M u l l a r d
IIIIIIIIIIIIH T H E  M A S T E R  V A L V E

Technical data and advice when using the R G 1-240A  M ercury V apour Rectifier can be obtained from  : §
THE MULLARD WIRELESS SERVICE CO. LTD., TRANSMITTING & INDUSTRIAL VALVE DEPT., B  
C E N T U R Y  H O U S E ,  S H A F T E S B U R Y  A V E N U E ,  L O N D O N ,  W . C . 2 . ,

(XV)



TELEVISION
AERIALS

M O D EL W D 3 R  
Dipole w ith  reflector for 
wall mounting.
L IST  PR IC E  £2. 12. 5 Rods of toughened

aluminium . .
w eatherproof junction 

boxes . .
steel mounting

brackets . .

models to choose from
Details on application t o :

A N T I  F  E  R E  N C  C
A t  L I M I T E D  E L

P L E N D E R  P L A C E , P L E N D E R  S T R E E T ,  

L O N D O N ,  N . W . I .  ’ P H O N E :  E U S T O N  5 6 1 3 - 5

The MB 31 amplifier incorporates the Cathode-anode 
output circuit developed by Acoustical, resulting in a 
total distortion content incapable of detection by the 
human ear. A  flat frequency response from  40— 
15,000 c.p.s. is obtainable, modified by a  microphone 
volume control so weighted tha t “ natural ” repro
duction is maintained a t all levels.

Introducing compression near full output, a higher 
average output level can be handled without the 
distress caused by overload peaks.

Operating from A C mains or 12-volt battery, and 
having alternative input and output impedances, the 
M B.31 amplifier is extremely versatile and suitable for 
m ost types o f general public address work.

ACOUSTICAL MANUFACTURING CO., LTD., HUNTINGDON. TELEPHONE 361.

(xvi)



Study television at its so u rc e !*
E.M.I. Research and Development Laboratories were largely 
responsible for the Marconi-E.M.I. system  o f  television transmission  
used by the  8.8. C. Service— the first in the world.

E.M.I. Factories produce the finest television receivers in the 
world.

E.M.I. Service departm ent is the largest and m ost expertly 
equipped in the country.

N O W -E .M . I.  have set up a t r a in in g  o r g a n i s a t i o n  to  provide im
mediate courses on practical t e l e v isio n  (Postal and College Courses.)

SOON this new Training College will extend its syllabus to  cover all 
branches o f  Electronic Science.

This is your opportunity to  secure a thorough training in Television 
from th e  very pioneers o f  th e  Science.

Ask your local H.M.V. dealer for further details or send for our free 
pamphlet which gives full details o f  this and o th er  courses.

A ssociated Company of:
m mm mm ^  b  b h  mm mbb h  h  m h  hm  ■  HHB T H E  G R A M O P H O N E  CO. LTD.EoMol# INSTITUTES« LTD« THE «esssssetSo.

Dept. I.R.E.I, 43 GROVE PARK ROAD, CHISWICK • LONDON • W4 z^c.

THE INSTITUTION S ANNUAL APPEAL
E veryone grows weary o f  appeals, and  in these days particularly  it becom es im possible to  respond  generously 

to  each request. T he B rit.I.R .E . has n o t added to  the burden  o f  its m em bership by m aking frequent 
requests fo r support o f  the F u nds ; instead, these F u n d s  have relied a lm ost entirely on  the odd  guineas o r half 
guineas which accom pany a m em ber’s annual subscription.

I t  is hoped  th a t as m any m em bers as are able will give their support to  the Building and  B enevolent Funds.

Brit.I.R.E. BENEVOLENT FUND

D uring  the  last tw o  years there has been a heavy dem and upon  the Benevolent Fund  ; the object o f  the Fund is 
to  help those  m em bers o f  the Institu tion  and  their dependants who have suffered loss o f  em ploym ent through ill- 
health  o r w ho are  otherw ise passing th rough  tim es o f  stress.

D onations m ay be spread over a num ber o f  years if subscribers will com plete a deed o f  covenant fo r seven years, 
o r fo r life (whichever is the shorter period), and  thereby enable the Trustees o f  the F u n d  to  recover incom e tax  on 
subscriptions. Fo rm s fo r this purpose will be gladly sent on  request.

Brit.I.R.E. BUILDING FUND

The last A nnual R ep o rt em phasised the need fo r a  building belonging to  the Institu tion  and  capable  o f 
m eeting the  needs o f  m em bers by offering all the facilities traditionally  associated w ith a professional Institu tion .

A lthough  obviously n o t so imperative in its need as the Benevolent F und , the support given to  the  Building Fund  
is o f  great fu ture  im portance to  the Institu tion  which, in these days o f  high taxation  and  increased death  duties 
m ust inevitably rely upon  the  annual support o f  its m em bers if  a  fitting building is ultim ately to  be acquired.

★ read about 

this new 

opportunity
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MERVYN
R.F.  A L I G N M E N T  O S C I L L A T O R

A new alignment oscillator operating at television frequencies, compact in 
form and robust in design, with means for self-calibration at three  pre
determined frequencies.

In conjunction with the ordinary cathode ray oscilloscope, this alignment oscillator provides 
a ready production check of the sound and vision channels, as well as the overall performance 
of Television Receivers.

It employs a triode oscillator whose mean frequency can be set between 35/50 Mc/s. The 
instantaneous frequency automatically varies to cover the entire television channel 50 times 
per second. A  second triode oscillator is arranged so that it can be switched to any of 
three predetermined frequencies which are maintained with a high degree of stability.

A  sinusoidal time base for the oscilloscope is incorporated. In production testing a response 
curve can be conveniently checked for compliance with a specified bandwidth by using a 
suitably ruled scale in front of the oscilloscope screen.

DESIGNED A N D  MANUFACTURED BY

THE  MERVYN S O U ND  & VI S ION CO, LTD.
MERVYN WORKS, MAYBURY ROAD, W OK ING. W OK ING 2091.
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ERG’S HAVE THE URGE TO GO ABROAD

^ixpomy
E R G  Resistors 

have an exceptional electrical specification 
and performance, with mechanical strength.

High Grade Vitreous Enamels used on 
our Tropical Resistors give long life, and 
definitely assist in the trouble-free manu
facture and performance of Radio Receivers, 
Television and Test Equipment.

Processed up to the highest Service 
Standards at a competitive price.

ERG INDUSTRIAL CORPORATION 
LTD.

Sa les O ffice

10 Portm an  Square, London, W . l  
P H O N E :  W E L B E C K  3 8 9 2
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BELLING - LEE QUIZ (No. 3)
A selection o f  answers to questions we are continually asked by 

letters and telephone

Question 11. Are  
masts supplied with 
B e l l i n g - L e e * '  
aerials ?

Answer 11. N o r
m ally yes, but a t 
the present tim e the 
bulk  purchase o f 
suitable wooden 
m asts is alm ost im 
possible. T hat is 
why we ask cus
tom ers to  supply 
their own. I t  is 
generally possible 
to  ob tain  a  single 
one locally.

Q u e s t i o n  12. 
W hat k ind  o f  pole 
is required ?

Answer 12. We 
specify tu rned  pine 
2 \  in. in diam eter 
by approxim ately 
16 ft. in length. 
In  practice any 
stout m ast will do, 
b u t the 2 )  in. dia
m eter is im portan t, 

as this has to  fit pole clam ps and  a  pole cap .*2 M ini
mum length, 10 ft., depending on peculiarities o f  the
site.

Question 13. Would a m etal m ast adversely affect 
the picture ?

Answer 13. In  practice no, provided it is earthed. 
The presence o f a conducto r in th is position  between 
the dipole and reflector is taken in to  account in the 
design, and suitably allowed for. The disadvantage is 
a mechanical one. A m etal pole o f  the above m entioned 
dimensions is necessarily heavy, costly and  difficult 
to  handle on sloping roofs, etc.

Question 14. Can a television aerial be used fo r  
broadcast reception ?

Answer 14. Yes, in districts where there is little or 
no interference, m any people have got in to  the bad 
habit o f  doing w ithout an aerial and  have never heard 
their sets a t their best because they have always had 
to operate with the volum e contro l unnecessarily full. 
W hen installing a television receiver a television aerial 
is alm ost essential, so when it is being erected an 
insulated lead should be taken  *3 from  the m etal cross 
arm  to  the  b roadcast receiver. This lead need n o t be 
disconnected when receiving television— it exercises a 
negligible effect.

Question 15. Can a television aerial be used as an 
anti-interference aerial ?

Answer 15. Yes. A  k it*1 com prising transform ers 
and  cable is available, provision being m ade to  secure 
the aerial transform er to  the  *3 cross ba r o f  the tele
vision aerial, the rest o f  the  system being carried ou t 
as an  ordinary  anti-interference installation.

Question 16. M ust a dipole and reflector always point 
directly a t the television transmitting station ?

Answer 16. G enerally yes, bu t it is general experi
ence w ith people doing a large num ber o f  installations 
to  find th a t it is often advantageous to  ro ta te  the tele
vision aerial slightly one way o r the other. This is due 
to  d istortion  o f the po lar diagram  caused by local 
conditions a t the receiver end. The ro ta tion  o f the 
receiver aerial is also often used to  im prove the “ signal 
to  noise”  ra tio  where there is local interference. See 
next question 1, repeated.

Question 1. What are the advantages obtained when 
using a reflector with a dipole ?

Answer 1. (a) I t  is necessary in  areas o f  weak field 
strength to  increase the  signal inpu t to  the receiver. 
(6) The directional properties can be utilised as a 
m eans o f m inim ising interference, particularly  so, if 
the aerial can be installed in such a position  th a t the 
location o f the source o f interference is placed behind 
the reflector in  relation to  the transm itter, (c) By 
ro tating  the aerial, ghost image can  be reduced or 
elim inated.

Question 17. W hat type o f  plug and socket is recom
mended for use with L .336 balanced feeder ?

Answer 17. The L.303*5 range for skirting board  
term inations and  w ander plugs fo r the receiver. The 
L.303 range are flat pin plugs complying w ith BSS.613 
and are available for flush m ounting and p roud  m ount
ing and in Brown and  C ream  (Cream  in short supply).

......................... T O  B E  C O N T I N U E D

“ L.303 /F. 3-way socket flush m ounting . .  . .  3 /- each
L .303 /P . 3-way plug flush m ounting . .  . .  1/4$ each
L .303/S . 3-way socket surface mounting . .  2 /9  each

(Cream approxim ately  25 per cent, dearer)
“ L .502/L . Dipole, reflector and cross arm , chimney lashings 

(less m ast) . .  . .  . .  • • ■ ■ £ 5 . 5 . 0
Supplied also without reflector and/or chimney lashings rom  

£ 2 . 3 . 6  
“ Belling-Lee P a te n t N o. 526587.
“ Belling-Lee P a te n t N os. 520628/519883.
“ L .392/100 £7 . 10 . 0. L .392/120 £ 8 . 6 . 0  including 2 tra n s

formers. Suffix No. denotes length in feet of L.1221 Feeder Cable.

BELLING & LEE LTD
CAMBRIDGE ARTERIAL R O A D , ENFIELD. M ID D X
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TRANSFORMERS
conform to the best modern practice and have 
a pleasing finish. They are vacuum impregnated 
in tropical wax and are constantly being used 
in apparatus supplied to many government 
departments.

R.M.ELECTRIC LIMITED
T E A M  V A L L E Y ,  G A T E S H E A D ,  I I .
T e l e p h o n e :  L o w  F c l  7 6 0 5 7 - 8 - 9  T e l e g r a m s : “ A u d i b l e "  G a t e s h e a d
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N O W  Y O U  C A N  H A V E

PROMPT DELIVERY
OF M E j C D  F L U O R E S C E N T  F I T T I NGS

Illustrated aboye is a typical example o f a M E IC O  
Trough Fitting. Ocher designs and types are 
available. Full details, specifications, and prices 
on request.

FLUORESCENT LIGHTING

MEICO WORKS - CONGLETON - CHESHIRE '  T el. : CONGLETON 607, 571, 572

MEICO

cM *

W l *  C O - * *  Ĉ c é q u i p é

b o t "  f ° r . î ! e e\ e c t r ° n 'C
. * a r

■

BASICALLY BETTER ■

Wm

<è@ai
•

S I ¿0W¿OSS& USUIS
TRANSRADIO LTD. I6THE highway-beaconsfield-12__ _________ _— _— .— ...■ ......, ___ __ — — _ ______ _______ __— ------- --- , - —  — BUCKS.
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1 9  2  2
E xtract from  

THE STORY OF BROADCASTING  
A. R. B U R R O W S

2 LO  first came on the air and, 
later in the same year, I was 

associated with the promotion 
of my Company to manufacture 

Insulated Instrument W ire  and 
provide immediate - personal- 

attention to the multifarious 
requirements of a rapidly pro

gressive science.

Close co-operation with Radio 
Research  and d eve lo p m en t, 

linked with rapid production
methods and prompt service,

. have been for 24 years and willIn the summer of 1922 there L h  n a v e  U C  /
came indications of a changed H  r e m a i n  t h e  p o l i c y  o f  m y
attitude towards broadcasting
by the English Post Office, the I  Company
Government mouthpiece in 
wireless affairs. A t once the 
Marconi Company’s engineers 
commenced work in the 
designing of what they con- 
sidered would be the Govern
ment’s id é ï?"o f a British 
broadcasting station. Valves 
and condensers................

“  In the spring of 1922 a rival 
to W r it t le  appeared in the 
field at uncertain intervals. 
This was a station known as 
2 LO, a 100-watt set contained 
in a small teak cabinet, and 
housed in the cinema theatre 
on the top floor of Marconi 
House, London. This set, 
which was of a number of 
standard transmission pro
ducts, was used for demon
strations ................................ ”

19 4 6
SCOTTTHE

W E S T M O R EL A N D  RO AD

LONDON, N.W.9

INSULATED WIRE CO. LTD.

TELEPHONE : COL 8871-4  

TELEGRAMS : “ SILCOTENAM ’
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V O R T E X I  ON
«SUPER FIFTY W ATT”
A M P L I F I E R

This amplifier has a response of 30 cps. to 25,000 cps., within db, under 2 per cent, distortion  
at 40 watts and I per cent, at 15 watts, including noise and distortion of pre-amplifier and 
microphone transformer.
Electronic m ixing for m icrophone and gram ophone of either high or low impedance with top  
and bass controls. O utput for 15/250 ohm s with generous voice coil feedback to m inim ise speaker 
distortion. New  style easy access steel case gives recessed controls, m aking transport safe and 
easy. Exceedingly well ventilated for long life. A m plifie r complete in steel case as illustrated  
with built in 15 ohm mu-metal shielded m icrophone transform er tropical finish. Price 29^ gns. 
Special 8-way m ixing unit for use with any amplifier but in particular the super fifty watt. It is 
fitted in steel case standard instrum ent grey to match above amplifier and can be assembled 
with same to form  one unit. Standard model for six 15 ohm m icrophones and two high or low  
impedance pick-ups (with switched record compensation) built in mu-m etal shielded transform ers 
and metering jacks for each valve. Price complete for A.C. M ains 27Jf gns.
C.P. 20A-I5 watt Am plifier for 12 Vo lt Battery and A.C. M ains operation. This improved version  
of the old C.P. 20 has switch change-over from  A.C. to D.C. and "  stand by ” positions, and only 
consumes 5^ amperes from  12 V o lt Battery.
Fitted mu-metal shielded m icrophone transform er for 15 ohm  microphone, and provision for 
crystal or m oving iron pick-up with tone control for bass and top and outputs for 7.5 and 15 ohms. 
Com plete in steel case with valves. £22 10s. Od.
W e  very much regret that ow ing to increased costs we are reluctantly compelled to advance 
all the above prices by 10 per cent.

V O R T E X IO N  LTD.
257/261 The Broadway, Wimbledon, S.W .I9
Phone: L IB erty  2814/6242 3. Te legram s: “ V O R T E X IO N  W IM B L E  L O N D O N . ”
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From its unique range o f  
C om m unications Test Gear 

MARCONI INSTRUM ENTS LTD 

can now offer the

UNIVERSAL 
IMPEDANCE BRIDGE

Designed for the direct m easurem ent of inductance 
capacitance and resistance over exceptionally wide ranges 
the instrum ent is a p roduct of M arconi pioneer experieno 
in radio engineering.

F ull specification available on request.

MARCONI INSTRUM ENTS LTD
ST. A L B A N S ,  H E R T S . Telephone : ST. A L B A N S  4323/6

So u th e rn O ff.e e : 109 EATON SQUARE. LONDON, S .W . I.  Phone: Sloane 8615 
N orthern  Office: 30 ALBION STREET, HULL. Phone: Hu ll 16144 W estern  Office: 10 PORTVIEW  ROAD, AVONMOUTH. Phone: Avonmouth43f

S t e a d y  a s  a  R o c k !

\

B A N Q U E T  M O D E L
designed for occa

sions wher*the speaker 
is to stand at a table. 
Ex tension 17 - 24 ins 
Finish— Black and Chro
mium, or Florentine 
Bronze.
Retail p rice . .  0 . 15s. Od.

p e d e s t a l  m o d e l

. dignified floor stand 
extending from  4 - 7 ft. 
C a b le  th ro u g h  s ta n d . 
Finished as Banquet Model. 
Retail price . . . . £4 Ss. Od.

VITAVOX MICROPHONE STANDS have been 
designed, not only to  look attractive in all sur
roundings, but to  do the all-important job of 
holding that microphone “ steady as a rock .”

Built, as usual with all our products, in 
traditional VITAVOX quality. Obtainable from 
your usual Vitavox wholesaler. If any difficulty 
is experienced, please write  direct to  us.

M I C R O P H O N E  S T A N D S
V itavox  Lim ited, W estm ore land  Road, London, N . W  

Telephone : Co lindale  8761
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There is no answer. Or you may argue it is the exact footage 
of the string you do in fact possess.

It’s the things you actually possess that matter, not things in 
the vague future. With Bulgin it is the labour and materials 
now available that count. They govern our production and 
supplies of components.

If we sacrificed quality for quantity, production would go up 
and our reputation would go down. That is a course we 
would never pursue. Bulgin quality will always be there. 
Sooner than you think, the quantity you need will be there also.

BULGIN
(BEGD. TRADE MARK.)

A. F. BULGIN & C O . LTD. : BYE PASS ROAD
RIPpleway 3474 (S lines)

BARKING : ESSEX

(ü)



Sole Proprietor» and 
M anufactui ers:
The A utom atic  Coil W inder & E lectrical Equipm ent C o ., L td . 
W inder H ouse , D oug las S t., L o n d o n , S .W .l. Phone: V ic to r ia  3404-9

X  HE world-wide use of “ A V O ” Electrical 
Testing Instruments is striking testimony to 
their outstanding versatility, precision and 
reliability. In every sphere o f electrical test 
work, they are maintaining the “  AVO ”  
reputation for dependable accuracy, which is  
often used as a standard by which other instru
ments are judged.



TRANSFORMERS
conform to the best modern practice and have 
a pleasing finish. They are vacuum impregnated 
in tropical wax and are constantly being used 
in apparatus supplied to many government 
departments.

R.M.ELECTRIC LIMITED
T E A M  V A L L E Y ,  G A T E S H E A D ,  I I .
T e l e p h o n e :  L o w  F e l l  7 6 0 5 7 - 8 - 9  T e l e g r a m s  . - “ A u d i b l e * ’ G a t e s h e o d

(iv)



S e n d  e n q u i r i e s  to y o u r  u s u a l  f a c t o r  o r  d i r e c t  to

E le c tr ic a l In stru m en ts L td .
4 1 9 -4 2 4  M O N T R O S E  A V E N U E ,  S L O U G H ,  B U C K I N G H A M S H I R E  

T e l :  S l o u g h  2 1 3 8 1  ( 4 l i n e s )  G r a m s :  " T a y l i n s ” S l o u g hTaylor

! low as 
I scale

moving coil 
instrument
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STEEL STAMPINGS

E lec trica l stee l

la m in a tio n s  fo r

T ra n s fo rm e rs ,

A lte rn a to rs ,

M e te rs , M o to rs ,

S w itch g ear.

C o m p le te  a ssem b lie s .

D ia p h rag m s.

WILDEN IRON WORKS, STOURPORT - O N  - SEVERN
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Resistors produced by the 
cracked carbon process remain

stable to ±  i% of initial value.

M i l

* Tolerances 

± i % ±  2% ± 5% 
Low temperature 

co-efficient.

©aDrib®m r e s i s t o r
W E L W Y N  E L E C T R I C A L  L A B O R A T O R I E S  LT D .

W elw yn  Garden City, Herts. - Telephone : W e lw yn  Garden 3816-8



Only Ersin M ulticore  
Solder contains 3 cores of 
extra active non-corrosive 
Ersin Flux. No extra flux 
required. Ensures extra 
rapid soldering with free - 
domfrom dry or H.R. joints.

O rd er by  catalogue reference  num ber from your factor. In case of difficulty w rite to :

MULTICORE SOLDERS LIMITED
M E L  LI E R HOUS E,  A L B E M A R L E .  S T R E E T ,  L O N D O N ,  W . l .  T e l . :  R E G e n t  1 4 1 1

C atalogue 
Ref No.

Alloy
Tin/Lead S.W .G . A p p ro x . leng th  

p e r  carton
List p ric e  

p e r  ca rton  
(su b jec t)

C 16014 60/40 14 55 feet
s . d . 
6 0

C 16018 60/40 18 145 feet 6 9

C 14013 40/60 13 3b feet 4 10

C 14016 40/60 16 80 feet 5 3

NOTE THESE ADVANTAGES
I Ersin Multicore Solder 

wire pulls out as r e 
quired without becoming 
tangled. Can be carried 
easily in service engin
e e r ’s kit.

O Windows enable user 
to see  when contents 

are nearly exhausted.

O Available in four sp ec i
fications at fixed prices. 

Sold by length instead of 
w eig h t. C on sid erab le  
“ shelf appeal” for re-sale.

NEW
SIZE I  CARTON
Serv ice  E n g in eer and  M aintenance Size.
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a n d  y o u 'd J a to * /  w h y

O A K  e n d s  s m tc k  tk o a A K e s

E Q Ö A U S E D  P R E S S U R E  OH B O T H  S I D E S  
S E L F  -  A U G H I H G  •  S E L F  -  ( L E A H I H G  

U H I I H I T E D  H U M B E R  O F  C O H T A C T S
&

HIS is the exclusive feature possessed 
q  by Oak . . . the equalised finger and

thumb pressure on both sides eliminates
*

faulty contact —  and maintains continued 
mechanical and electrical efficiency.

Combined with the Oak floating

rotor, this double contact represents the 
highest development in switch design. You 
can have these Oak advantages for any 
circuit —  in rotary types from 2-way to 
26 - way and in 2- or 3 - way lever and 
sliding types.

O th e r  N.S.F . P roducts include P A P E R  C A P A C IT O R S ,  
S I L V E R E D  M I C A  C A P A C I T O R S ,  W I R E  W O U N D  
R E S IS T O R S  and V O L U M E  C O N T R O L S .  D e ta ils  on request.

OAK
BRITISH N.S.F. CO., LTD
Head Office & Export Sales ;

Keighley, Yorkshire, England
London Office :
% Stratford Place. W.l. Tel: MAYfair 4234

SO LE L IC EN SEES O F TH E O A K

SWITCHES
M A N U FA C T U R IN G  CO . LT5., C H IC A G O  

BRITISH N.S.F. SUB-LICENSEES: THE PLESSEY CO. LTD.. A N D  A.B. METAL PRODUCTS LTD.

(ix)



NOW AVAILABLE 
ON REOUEST

yj-tC cS* * rf n

-So»»4 .rtO»- * » » * * * ?

CO®i^ ,-= «ti ' , k* pVA,-S \'.'.'-*r'' --'.f1’1''

d ^ °

oi^ns

*****Us***aO*®“
i*w

This catalogue of paper dielectric and elec
trolytic capacitors for radio work contains 

essential technical data on a wide range of types. 
Radio engineers and designers should write for 
“ Radio Capacitors,” Publication No. 201W

BRITISH INSULATED CALLENDER’S CABLES LIMITED
N O R F O L K  H O U S E . N O R F O L K  STREET. L O N D O N  W . C . 2
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. MERVYN
R.F. A L I G N M E N T  O S C I L L A T O R

A new alignment oscillator operating at television frequencies, compact in 
form and robust in design, with means for self-calibration at th ree  pre
determined frequencies.

In conjunction with the ordinary cathode ray oscilloscope, this alignment oscillator provides 
a ready production check of the sound and vision channels, as well as the overall performance 
of Television Receivers.

It employs a triode oscillator whose mean frequency can be set between 35/50 Mc/s. The 
instantaneous frequency automatically varies to cover the entire television channel 50 times 
per second. A  second triode oscillator is arranged so that it can be switched to  any of 
three predetermined frequencies which are maintained with a high degree of stability.

A  sinusoidal time base for the oscilloscope is incorporated. In production testing a response 
curve can be conveniently checked for compliance with a specified bandwidth by using a 
suitably ruled scale in front of the oscilloscope screen.

DESIGNED A N D  MANUFACTURED BY

T H E  MERVYN S O U N D  & V I S I ON  CO. LTD.
MERVYN WORKS, MAYBURY ROAD, WOKING. WOKING 2091.
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THE MOST FAMOUS SET MAKERS ARE AGAIN FITTING

RADIO VALVES AND 
CATHODE RAY TUBES

because of their

PERFORMANCE AND 
RELIABILITY

CHARACTERISTIC CURVES OF AVERAGE

M A ZD A  V A LV E PEN 25
■ M il
■ ■ » ■

LOW
if

HIGH
I"i m

HIGH
OUTPUT,
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Study television at its so u rc e !*

★ read about 

this new 

opportunity

E.M.I. Research and Development Laboratories were largely
responsible for the M arconi-E.M .I. system  o f  television transmission  
used by the  8.8. C. Service —  the first in the world.

E.M.I.
world.

Factories produce the finest television receivers in the

E.M.I. Service departm ent 
equipped in the country.

is the largest and m ost expertly

NOW-E.M.I. have set up a t r a in in g  o r g a n i s a t i o n  to  provide im
mediate courses on practical t e l e v isio n  (Postal and C ollege Courses.)

SOON this new Training College will extend  its syllabus to  cover all 
branches o f  Electronic Science.

This is your opportunity to  secure a thorough training in Television 
from the  very pioneers o f  th e  Science.

Ask your local H.M.V. dealer for further details or send for our free 
pamphlet which gives full details o f  this and o th er  courses.

E.M.I. INSTITUTES, LTD.
Dept. I.R.E.,2,43 GROVE PARK ROAD, CHISWICK - LONDON • W4

Associated Company of:
T H E  G R A M O P H O N E  C O .  L T D .

( “  h i s  m a s t e r ’s  v o i c e  **)
T H E  M A R C O N I P H O N E  C O .  L T D .  
MARCONI-E.M.I .  TELEVISION CO. LTD. 
R A D I O M O B I L E  L T D . ,  E T C .  E T C .

THE INSTITUTION S ANNUAL APPEAL
Everyone grows weary o f  appeals, and  in these days particularly  it becom es im possible to  respond  generously 

to  each request. The B rit.I.R .E . has n o t added to  the burden  o f  its m em bership by m aking frequent 
requests fo r support o f  the Funds ; instead, these F u n d s have relied a lm ost entirely on  the odd  guineas o r  half 
guineas which accom pany a m em ber’s annual subscription.

I t  is hoped th a t as m any members as are able will give their support to  the B uilding and  Benevolent Funds.

Brit.I.R.E. BENEVOLENT FUND

D uring  the last tw o  years there has been a heavy dem and upon the Benevolent F u n d ; the object o f  the Fund  is 
to  help those  m em bers o f the Institu tion  and  their dependants w ho have suffered loss o f em ploym ent th rough  ill- 
health  o r w ho are otherwise passing through tim es o f stress.

D onations m ay be spread over a num ber o f  years if  subscribers will com plete a deed o f  covenant fo r seven years, 
o r fo r life (whichever is the shorter period), and thereby enable the Trustees o f the F u n d  to  recover incom e tax  on 
subscriptions. Form s fo r this purpose will be gladly sent on  request.

Brit.I.R.E. BUILDING FUND

The last A nnual R ep o rt em phasised the need fo r a  building belonging to  the Institu tion  and  capable  o f 
meeting the needs o f  m em bers by offering all the facilities traditionally  associated with a professional In stitu tion .

A lthough  obviously n o t so imperative in its need as the Benevolent F und , the sup p o rt given to  the Building Fund  
is o f  great fu tu re  im portance to  the Institu tion  which, in these days o f high taxation  and  increased death  duties, 
m ust inevitably rely upon the annual support o f  its m em bers if  a fitting building is ultim ately to  be acquired.
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NEW ... but
with a 

Time - Tested 
technique

Twenty-five years ago M illiard success
fully pioneered the silica therm ionic 
valve. The need then was for a valve 
with long electrical life plus mechanical 
strength — strength that would with
stand the concussion o f  a  battleship’s 
broadside.
To-day, when valves m ust stand up to  
the trying requirem ents o f  industrial 
applications, this unique experience is 
proving invaluable. Designers can choose 
a m odem  M ullard Silica Valve and be 
confident o f  dependable performance 
under all conditions.
The TYS4-500 R .F. Power Triode is 
typically efficient, dependable and econ
omical. The thoriated tungsten filament 
provides high emission a t low filament 
consum ption. The silica en
velope will bear high tem pera
tures and does no t require 
forced a ir o r water cooling.
And, finally, like other types in 
the M ullard silica range, the 
TYS4-500 is repairable — an 
im portant extra factor to  bear 
in m ind when considering low 
cost per life/hour.

TYS4-500 R.F. P O W E R  TR IO D E
Anode V o ltige  4000 V
Anode Dissipation 500 W
Max. Frequency fo r full Ratings 50 Mc/s

FILAMENT— THORIATED TUNGSTEN
Voltage 10 V  A .C . o r D .C.
C u rren t 10 A

For further developments watch u l la rd
I M ullard

Technical da ta  and advice on  the application o f 
the TYS4-500 and o ther silica valves can be 
obtained from :—

T H E  M U L L A R D  W I R E L E S S  S E R V I C E  C O .  L T D . ,  T R A N S M I T T I N G  A N D  I N D U S T R I A L  

V A L V E  D E P T . ,  C E N T U R . Y  H O U S E ,  S H A F T E S B U R Y  A V E N U E ,  L O N D O N ,  W .C.2.

1111
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D IS C R IM IN A T IN G  E L E C T R O N IC  EN G IN EER S
USE

‘ RADIO -A ID 9 PRODUCTS

Type ‘B* Voltmeter 

£42- 12-0

Crystal Calibrator 

£23- 19 - 0

RADIO-AID

RADIO-AID LTD., 29 m arket street, w a t f o r d , herts.
Telephone : W ATFORD 5988.

T y p e ' B ’ R.F. Electronic Voltmeter 0-250 volts 
R.M.S. in Four Ranges of I, 5, 25, and 250 volts 
Full Scale Mains Fluctuation Compensated.

Quartz Crystal Calibrator, Mains 
Driven, Modulated when Desired, 
10, 100 and 1000 kc.s. Markers.

H E R E  I S  T H E  W A Y  T O

BETTER SOUND DISTRIBUTION
The M ulticellular type o f  h o rn  has been developed to facilitate 
quality  sound  reproduction  in au d ito ria  by providing satisfactory 
d istribu tion  o f  the  h igher aud io  frequencies essential fo r intelligi
bility. V itavox M ulticell ho rns a re  available in tw o types having 
lower cut-off frequencies o f  220 an d  550 c.p.s. respectively and  in a 
wide range o f  cell com binations to  suit p a rticu la r circum stances.

MULTICELL HORNS
Obtainable from Vitavox Accredited Wholesalers but do not hesitate 
to consult us in case of difficulty or if  you require further details.

V itavox  Lim ited, W estm ore land  Road, London, N .W .9  
Telephone : Co lindale  8761-3
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MEASURES POWER FACTOR
. . .  of all types of electrolytics. 

Scale calibrated zero to 50 %  power factor.

MEASURES INSULATION RESISTANCE
. . .  of paper and electrolytic capa

citors, and all types insulation.

DETECTS DEFECTIVE CAPACITORS
. . . leaky, shorted, low and high 

capacity and high power factor capacitors 
of usual and intermittent types.

TESTS CONTINUITY
. . . can be used as continuity 

meter to test all types of circuits.

MEASURES CAPACITY
. . .  of all types of Capacitors, and 

circuit wiring. Range: 0.00001 mfd. to 50 mfds.

. . .  of all types carbon and wire 
wound resistors from 50 ohms to 5 megohms.

MEASURES RESISTANCE

D e v e l o p e d  in the light of Hunt’s 
experience as capacitor makers, 

this instrument, with its wide range of 
application, and simple operation with 
accuracy, is a valuable asset- to the 
Service Engineer.
One dial reading without charts or graphs. 
Complete and portable, with accommoda
tion for all accessories. 2l0-250v. A.C. 
50 cycles. Dimensions : 6 }" x 9 J-" x 5".

List Price £18 . 18 . 0.

m m
T R A D E  M A R K

CAPAC I TANCE  & 

R E S I S T A N C E

ANALYSER
A . H. H U N T  LTD • L O N D O N  • S . W . I 8  * E S T A B L I S HE D  1901



ERG’S HAVE THE URGE TO GO ABROAD

ERG INDUSTRIAL CORPORATION 
LTD.

Sa le s O ffice  :

10 Portm an  Square, London, W .l  
P H O N E :  W E L B E C K  3 8 9 1

ixportly

E R G  Resistors 
have an exceptional electrical specification 
and performance, with mechanical strength.

High Grade Vitreous Enamels used on 
our Tropical Resistors give long life, and 
definitely assist in the trouble-free manu
facture and performance of Radio Receivers, 
Television and Test Equipment.

Processed up to the highest Service 
Standards at a competitive price.



N O W  Y O U  C A N  H A V E

PROMPT DELIVERY
OF M E J C û  f l u o r e s c e n t  f i t t i n g s

Illustrated aboye is a typical example of a M E IC O  

Trough Fitting. Other designs and types are 

available. Full details, specifications, and prices

_ M E I C Q  FLUORESCENT LIGHTING

MEICO WORKS ‘ CONGLETON • CHESHIRE ■ T e l . : CONGLETON 607, 571, 572

MEjCD

P U B L I C  
ADDRESS

by

fl£TO JSTI£A L
F O R  T H E  V E R Y  B E S T  IN

REPRODUCTION * DESIGN • WORKMANSHIP • SERVICE
*

W e  will gladly send you full details and specifications o f  the  
full range o f  ACOUSTICAL P. A. Equipment on request.

^ ^ H / l f 7 / I C T I / V / 1 l  M A N U F A C T U R I N G  C O . ,  L T D .
V C J j  I  I L n L  H U N T I N G D O N :  T E L E P H O N E  361



19 2 2 Extract from  
THE STORY OF BROADCASTING  

A. R. B U R R O W S

2 LO first came on the air and, 
later in the same year, I was 

associated with the promotion 
of my Company to manufacture 

Insulated Instrument W ire  and 
provide immediate - personal- 

attention to the multifarious 
requirements of a rapidly pro

gressive science. >

Close co-operation with Radio 
Research  and d eve lo p m en t, 

linked with rapid production 
methods and prompt service, 

have been for 24 years and will 
remain the policy of my 
Company.

“  In the spring of 1922 a rival 
to W r it t le  appeared in the 
field at uncertain intervals. 
This was a station known as 
2 LO, a 100-watt set contained 
in a small teak cabinet, and 
housed in the cinema theatre 
on the top floor of Marconi 
House, London. This set, 
which was of a number of 
standard transmission pro
ducts, was used for demon
strations ................................ ”

“  In the summer of 1922 there 
came indications of a changed 
attitude towards broadcasting 
by the English Post Office, the 
Government mouthpiece in 
wireless affairs. A t once the 
Marconi Company’s engineers 
commenced work in the 
designing of what they con
sidered would be the Govern
ment’s idea of a British 
broadcasting station. Valves 
and condensers....................” 19 4 6

THE SCOTT INSULATED WIRE CO. LTD
W ESTM O R ELA N D  ROAD

LONDON, N.W.9
TELEPHONE : COL 8871-4  

TELEGRAMS : «« SILCOTENAM ”
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V O R T E X I O N
«SUPER FIFTY W ATT”
A M P L I F I E R

Th is am plifier has a response of 30 cps. to 25,000 cps., w ithin ± db, under 2 per cent, distortion  
at 40 w atts and I per cent, at 15 w atts, including noise and distortion of pre-amplifier and 
m icrophone transform er.
Electronic m ixing for m icrophone and gram ophone of either high or low impedance w ith top  
and bass controls. O u tpu t for 15/250 ohm s w ith generous voice coil feedback to m in im ise speaker 
distortion. N ew  style easy access steel case gives recessed controls, m aking transport safe and 
easy. Exceedingly well ventilated for long life. Am plifie r complete in steel case as illustrated  
with built in 15 ohm  m u-m etal shielded m icrophone transform er tropical finish. Price 29; gns. 
Special 0-way m ixing unit for use w ith any amplifier but in particular the super fifty watt. It  is 
fitted in steel case standard instrum ent grey to  match above am plifier and can be assembled i 
with sam e to form  one unit. Standard model for six 15 ohm  m icrophones and two high or low  
impedance pick-ups (with switched record compensation) built in mu-m etal shielded transform ers 
and m etering jacks for each valve. Price com plete for A .C. M ains 27£ gns.
C.P. 20A-I5 w att A m plifier for 12 V o lt  Battery and A .C . M ains operation. Th is im proved version 
of the old C.P. 20 has switch change-over from  A.C . to D.C. and "  stand by ” positions, and only 
consumes 5£ amperes from  12 V o lt Battery.
Fitted m u-m etal shielded m icrophone transform er for 15 ohm  microphone, and provision for 
crystal o r  m oving iron pick-up w ith tone control for bass and top and outputs for 7.5 and 15 ohms. 
Com plete  In steel case w ith valves. £22 10s. Od.
W e  very much regret that ow ing to increased costs we are reluctantly compelled to advance 
all the above prices by 10 per cent.

V O R T E X IO N  LTD*
257/261 The Broadway, Wimbledon, S.W .I9
Phone: L IB erty  2814/6242/3. Te legram s: " V O R T E X I O N  W IM B L E  L O N D O N . ”
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M E T E R
TYPE TF 540

The instrument indicates directly the power 
delivered by an audio-frequency system into a 
variable external load provided by the Meter

itself. Its technical efficiency is in the highest 
Marconi tradition. Full technical information 
available on request.

MARCONI INSTRUMENTS LTD
Specialists in 

M easurem ent for C om m u nication s  
can now offer their

O U T P U T  P O W E R

^ M A R C O N I  IN STR UM EN TS LTD
ST. A L B A N S ,  H E R T S . Phone: ST. A L B A N S  4323/6

Northern Office: 30 ALBION STREET, HUU. Phone: Hull 161+4 
Western Office: 10 PORTVIEW ROAD, AV0NM0UTH. Phone : Avonmouth 438 Southern Office: 109 EATON SQUARE, LONDON, S.W .I. Phone : Sloine 8615

3LL0WL0SS<§*
B 6 H S  : i  w m  W m SÊR

B U S
TRANSRADIO LTD. i6 the highwaybeaconsfield- 1 2 bucks.


