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l . INTRODUCTION

The seed from which the lLarconl Research LaboratorLes (now the Marconl
Research Centre,  a  uni t  o f  GEC Research L l rn i ted)  were to grow came f rom the
grounds of  the Vi l la  Gr i f fone,  near  Bologna,  where the young MarconL carr ied
out  h is  f l rs t  exper iments on the generat ion and t ransmiss ion of  wi . re less
waves. Their existence had been predicted by Maxwell  and demonstraEed by
ploneers such as Hertz ,  Lodge and Branly ,  but  the i r  potent ia l  for  use f i rs t
ln cornmunication and later ln radio and television broadcastlng was only
establ ished by many years of  d lsctp l ined research by Marconi  and others of
h ls  genera t ion .

l*larconL formed hts company ln London in 1897 with the name the WLreless
Telegraph and Slgnal Cornpany, changed some three years later to Marconirs
Wireless Telegraph Conpany. For some years the research work was carr ied out
by Marconi hfunself wlth a number of colleagues amongst whom were
C.S.  Frankl in ,  Capta in H.J.  Round and Dr J .A.  F lening ( la ter  Sl r  Anbrose
Flening), who rdas Scientl f ic Adviser to the Conpany from 1900 unti l  his
ret i rement  in  1931.  A11 three were pro l l f ic  Lnventors and many patents were
reg isEered  in  the i r  names .  (Some apprec ia t ion  o f  the l r  con t r ibu t ion  to  the
development of the Company in l ts early years wry be obtained from
W.J.  Bakerrs  "A History of  the Marconi  Company" -  publ lshed by Methuen.)

In  L9LZ a Research Department  was formal ly  const i tu ted under  Frankl in
ln  a srnal l  bu i ld ing near  to  the C.onpanyfs Hal1 Street  works in  Chelnsford,
but with the outbreak of the First World War l t  came under the direct ion of
the Admira l ty ,  to  whom al l  the Conpanyf  s  act iv i t ies were largely  devoted
unt l l  1919.  In  L92L the Research Departnent  was reconst l tu ted,  th is  t ime
under the d l rect ion of  Capta in Round,  but  the decis ion was taken to form a
separate Research Departnent  under  Frankl in ,  perhaps an lnd icat lon that
great  mlnds do not  a lways th ink a l ike!

In 1916 Marconi had carr ied out some early experlments on the
generation and propagatlon of short waves and the toplc hras regarded as of
such importance that Frankl in and his small  team were asked to devote most
o f  the i r  a t ten t ion  to  i t .  I n  1919  T .L .  Eckers ley ,  who  was  to  become one  o f
the wor ldrs foremost  exper ts  ln  the theory of  propagat lon of  e lect romagnet ie
waves joined the Company and the results obtalned by his researchers
encouraged Marconi to bel ieve that a worldwide cormnunication system based on
the use of  shor t  waves was pract icable.  Pract ica l  research work carr ied out
by Frankl ln and others confirned ("pd often anticipated! ) the theoretical
predic t lons.  A l tnk us lng a wavelength of  15 metres nas establ ished between
Hendon and Birmlnghan ln the early l920ts and ln 1923 slgnals radiated from
Poldhan ln Cornwall  nere receLved on Marconi I  s yacht Elettra ln the South
At lant lc ,  on a wavelength of  97 metres and less.  That  th is  was posslb le,  in
spite of the fact that (as Iile now know) the experimenters were not using the
optLnum frequencles to achleve mlnlmum path attenuatlon, was due to the
systenatlc research work whlch they had carr ied out on r. f .  power generation
and on antenna conflguratlons. In L924 the company recelved a contract from
the Post Off lce and successful l-y put a worldwide system (the Empire systen)
ln to operat lon.

In 1930 a Television Research group was formed and in l93l research rdas
f orural ly separated f rom developnent, wlth the appolntment of H.PI. Dowsett as
Research Manager. Dowsett was succeeded by J.G. Robb in 1935 and the
fol lowlng year the decislon was taken to draw together the varlous research
teams,  located in  and around Ctrehnsford,  in to a s lngle laboratory and a s i te
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was purchased a t  Great  Baddow,  su f f i c ien t ly  fa r  f rom poss ib le  sources  o f
e lec t r i -ca l  in te r fe rence to  permi t  research  work  to  be  car r ied  ou t  on  the
d e t e c t l o n  a n d  a m p l i f i c a t i o n  o f  v e r y  s n n a l l  s i g n a l s .

Bu i ld ing  work  began ln  1937 and as  i t  p rogressed th rough 1938 research
staf f  were brought f rom other s i tes ln and around Chelmsford,  some Lnto
ternporary hutted accommodat ion and others into the new bui ld ing as areas
were  made ava l lab le  fo r  occupat ion .  (The hu t  occup ied  by  Eckers ley  and h is
ProPagat ion  team in  1938 is  s t i l l  i n  use  by  the  cur ren t  genera t ion  o f
p r o p a g a t l o n  s p e c l a l i s t s  i n  1 9 8 5 !  )

Comple t ion  o f  the  bu i ld ings  permi t ted  the  in tegra t ionr  oD one s t te  and
under  the  d i rec t lon  o f  Robb,  o f  a  n tnber  o f  p rev lous ly  sca t te red  un l ts
engaged on  a  var ie ty  o f  research  ac t lv i t l .es .  These lnc luded a  te lephone
laboratorYr pr lnar i ly  eoncerned with audio research, and led by I ' iurphy who
was later lost  at  sea when his ship hras sunk by enemy act ion.  Other teams
l le re  invo lved ln  p ropagat lon ,  low no l -se  rece ivers ,  rad io  d i rec t ion  f ind ing ,
te lev is ion  and spec ia l i s t  component  s tud ies ,  the  la t te r  lnc lud ing  quar tz
c rys ta l  deve lopment  and gas  d ischarge dev lces .  Most  o f  these were  o f
potent ia l  importance ln wart ime and i t  was not surpr is ing therefore that
very  soon a f te r  the  commencement  o f  hos t i l i t l es  in  1939 the  labora tor ies
disappeared under camouf lage nett ing and came again under the control  of  the
f i g h t t n g  s e r v i c e s .
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2 . THE WARTII-{E PERIOD (1939-45)

In  Apr i l  1940 the  A l r  l " l in ls t ry  took  over  par t  o f  the  un l t ,  lnc lud ing
T . L .  E c k e r s l e y  a n d  h i s  t e a m ,  w h i c h  h a d  b e e n  j o i n e d  i n  t h e  1 9 3 0 ' s  b y
G.  I ' { i l l i ng ton ,  a lso  to  become an ln te rna t iona l l y  respec ted  au thor i ty  on
e lec t ro -nagnet ic  wave propagat lon .  In  1941 the  res t  o f  the  labora tor ies
came under the control  of  the Mmiral ty and for the remalnder of  the war
coopera ted  w i th  the  Mmira l ty  S lgna ls  Es tab l l shment  in  fu l f i l l l ng  the  urgent
needs o f  the  Serv ices .  (The Ch ie f  Sc ien t ls t  o f  ASE dur lng  th ls  per lod  was
G.1"1.  l f r ight ,  who had led a tearn worklng on frequency stabl l lsat ion by tuning
fork and on radio facsini le t ransmisslon in the Marconi  Research Department
in  the  l930rs .  He re tu rned to  the  Company as  Eng lneer  in  Ch ie f  ln  L946. )

2 . 1  P r o p a g a t i o n

In  1941 the Interserv ices lonospherLc Bureau was forned,  under  the
auspl-ces of the Admiralty and the RAF, to take advantage of the
knowledge and expert lse of the propagatLon team. It  was reinforced by
officers and other ranks from the RAF Royal Navy and US Army Signal
Corps. Amongst the last were John Kojan who joined the Marconi
Companyts pernanent staff  after the war and Dana Bailey, who had come
from the US Bureau of Standards and who returned there to pioneer the
appl lcat ion of  Ionospher ic  Scat ter  in  the 1950's .  Tt re team devised
teehnlques of lonospherlc sounding and developed measuring equipment
the resul ts  f rom which were used to predic t  the per formance of  h. f .
rad io channels.  T lp lca l  o f  the equipment  bui l t  and put  in to serv ice \ {as
a pulse t ransmit ter  feeding a wide-band rhombic aer ia l  for  ver t lca l
lnc idence ionospher ic  sounding.  Tt re equiprnent  was insta l led at  Stock
(about  s ix  mi les f rom the laborator ies)  on a s i te  wi th the
inappropriate name of Srnal lgains Lane! I t  was control led by telephone
line from the laboratorl-es and the delayed echoes received from the
lonosphere were monitored round the clock by the RAF operators. Data
assembled from measurement of this sort was clrculated to al l  three
serv ices to guide system operators ln  se lect lon of  opt imurn f requencies
for h.f  .  cornmunication. (Sirni lar lnformatlon is st i l l  conpi led by the
Propagation Group ln the Marconl Research Centre and clrculated to a
w ide  range  o f  h . f .  users  v ia  H .M.  S ta t ionery  Of f t ce  Pub l l ca tLons . )

Whi le  the measurement  and predic t lon of  h . f .  radto per formance was
the predomlnant act lvi ty of the propagation team Ln the war years,
at tent ion l tas a lso devoted to,  t ropospher ie Lnf luences on d i rect ion
flndtng and radar systerns and to many other toplcs referred to the
speclal lsts by servLce users. Dr R.V. Jones Ln hts book r l ' lost Secret
Wart descrlbes how hls attentLon rras drawn to a report by Eckersley
which showed that tt was posslble for C,erman bombers flytng over the llK
to recelve gul.dance slgnals from a transmLtter on a suff lciently htgh
site Ln Gerrnany. It appears that Eckersley changed hls nlnd at a
conference at the Alr l 'I inlstry but hls report was nevertheless the spur
which led Jones to lnltlate the measurements whlch demonstrated that
the bombers ltere lndeed belng directed by a beam system orlglnatlng in
Germany and resuLted ln the introductlon of effect ive countermeasures.
Jones described Eckersley as "The countryf s leading expert Ln radio
propagation" and i t  ls apparent frorn references in the book that his
work and that of his team at Baddow were vltal to the war effort.
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2 . 2  D i r e c t i o n  F l n d i n g

Another  ac t l v i t y  o f  cons lderab le  war t ime ln te res t  and we l l
e s t a b l i s h e d  i n  t h e  l a b o r a t o r i e s  f r o m  t h e i r  i n c e p t i o n  w a s  r a d i o
d i rec t ion  f ind ing ,  work  on  wh ich  was be ing  prosecuted  in  severa l
d i f f e r e n t  g r o u p s .  A t  t h e  o u t s e t  c o n s L d e r a b l e  a s s i s t a n c e  i n  t h e  d e s i g n
of the receivers used in d. f .  l tas given by Dr E.E. ZepLer who had been
head of  receiver development ln Telefunken, Ber l ln and with his
col league Dr Bohm, Head of  Research, had been obl iged to leave Germany
ln the ntd-1930f s.  However Tr--pLet as a German subJect,  was interned in
1940 and a f te r  ga in ing  h is  f reedon about  a  year  la te r  became a  lec tu rer
a t  Canbr ldge and subsequent ly  the  f l rs t  Pro fessor  o f  E lec t ronLcs  a t
Southanpton. Other engineers cont lnued the work on dlrect lon f inding
notab ly  ln  teams led  by  S.B.  Sn i th  and by  R.J .  Kemp,  whose ac t lv l t les
had been swltched from televisLon ln the l -nterest  of  the war
effort .  I {ork on receLvers was led by R.B. Armstrong, whose team
lncluded Dr G.L Grlsdale and Mervyn Morgan both of  whom were to reach
very senLor posts ln the Marconl  Company af ter  the rrar.  Apart  f rom i ts
use ln  p ropagat ion  research  d i rec t ion  f tnd ing  was used in  a l rc ra f t ,
sh ips  and land-mob i le  equ ipment ,  ln  the  mon i to r ing  o f  t ransmiss lons
frorn the enemy and even in spy-catchlng. At one stage about 100
members of  the l , lomens Royal  Naval  Service were uslng DF Sl tes for
monitor ing enemy transmissions and RAF personnel ,  led by D. G111 (who

in post war years became manager of  the MarconL Special lsed Components
Div is ion) ,  were  bu i ld ing  DF equ iprnent  fo r  use  tn  thaE serv ice .

2 . 3  R a d a r

The Conpany had not been closely Lnvolved with the development of
radar prlor to the rJar although l , larconl ln a speech to the American
Instl tute of Engineers in 1922 comrnented that he had observed
ref lect l .ons of  e lect romagnet ic  waves by rneta l l lc  objects  rn l les away and
suggested that  th is  n lght  be used for  detect lon and determlnat ion of
bearlng of shlps. I^lhen, fol lowing the work of Watson-Watt and others,
the decis lon was taken ln  1935 to lnsta l l  CH radar  s tat ions around the
UK the responstbtl t ty for supply and Lnstal latLon of the transmLtter
rcur ta in 'ar rays was g iven to the Company,  and th is  work cont lnued wel l
into the war years. By L942 parts for use ln a naval centimetr ic radar
were belng shtpped out of the Ctrelnsford factory. A radar cal lbrat lon
(EP7) deslgned by Norman Lea, whose team had developed conslderable
exper t ise ln  f requency contro l ,Bnd t ln lng techniques,  was a lso used by
the Navy and Ln 1943 a contract was awarded to the Conpany for
develop'nent of the 960, a naval radar operating at e f requency of about
90 MHz. the transmltter was developed by the Transmltter Development
Group Ln the maln factory and the aerlal,  recelver and display units ln
the Research Laborator les.  C.D.  Colchester  t ras pr lnctpal ly  responslb le
for  the aer la l  and C.S.  Cockere l l  ( la ter  Sl r  Ctr r ls topher  Cockere l l ,
lnventor  of  the hovercraf t )  for  the d lsp lay.  FLrst  t r ia ls  of  the
equiprnent were made ln October 1944 and the flrst operatlonal set nas
instalLed in HI'IS IGng George V Ln August 1945. Notwithstandlng the
relat lvely early date of deslgn and the short developrnent cycle the
equlprnent embodied both sophlst lcated anti-Janrnlng techniques and a
butl t- in nol-se jammer.

2.4 Spark Therapy

One actlvi ty carr ied out in the laboratorles during wartLme was ln
a very dif ferent f leld from that normally associated with Marconi. Ttre
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Conpany had,  dur lng the per lod of  depresslon in  the ear ly  l930rs,  begun
to look for new outlets and had undertaken studies on the use of
e lect ro-magnet lc  energy in  rnedica l  d lagnost ics and therapy.  Under the
leadership of  A.W. I 'ay a smal l  team had developed a spark generator
operat ing at  about  I  MHz for  e lect ro surgery and d iathermy.  Work
continued during the war and equlpment was supplled to the Army for
surgical use ln the f ield. The lnstrr:ment known as the Marconi Ekco
Therator  was used both for  cut t lng tLssue,  by apply lng Lntense but
contro l led current  ln  the.appropr ia te area,  and for  contro l  o f  b lood
flow, by applying Local heat to a blood vessel and thereby encouraging
coagulat lon.  Slnce operat ions were v i r tua l ly  b loodless and lnstant ly
cauterl-zed the instrument was popular wlth anny surgeons and the
cornmander of the New ZeaLand forces wrote to Lay to tell htrn that his
machines had saved the l lves of  over  11000 New Zealand t roops.

The machLner 8s a spark generator ,  lnev i tab ly  radiated energy over
a wide part of the eorrlr  spectrum and was used ln one variant as a
Jammer against the C,erman beam system referred to prevlously.

2.5 Components

During the war perlod rnuch research was devoted to cornponents
part ly because many devices were special to the equipnent and part ly
because new component developments offered the prospect of equlpment
superLor i ty  re lat lve to  Ehat  of  the eneny.  In  the second category the
most important example was alnost certalnly the emergence of the cavity
magnetron from the work of Randall  and Boot at Birningharn University in
1939.  The Marconi  Conpany had ln  1919 pooled lEs resources wl th those
of GEC to form the Marconi-Osram Valve Conpany (stt l l  part of the GEC
Company as M-O Valve Conpany) but maintained a snall vacuum physics
research team in the Baddow Laborator ies,  led by Dr Bret t .  At  the
outset of the war this was rnaklng srnal l  quanti t ies of the Stabl lovolt ,
a  gas d ischarge vol tage stabi l lser  wl th  taps at  70 vol t  ln tervals  up to
280 vol ts ,  based on a German design.  The requi rement  for  s tabl l lsed
power supplies ln most nl l l tary equiprnent led to a vastly lncreased
load, compounded by an involvement ln magnetron developnent, on the
Baddow team. Brett,  who had been seconded temporart ly to the Adnlralty
for slmllar work wlth Dr Sutton, returned to Baddow and was Joined by
A.J. Young, who had worked with Aisenstein ln running valve
manufacturlng facl l i t ies for the Marconi Conpany in Russla and Poland.
Young led the work on magnetrons, whlch cl-osely paral led that at GECts
Hlrst Research Centre and the lFO Valve factory, and produced devi.ces
for centlmetr lc transmitters belng del lvered to the Adrniralty from the
Chelnsford faetory. By May 1942 demand had grown to a level well beyond
the reaources of the laboratorles and a productlon unlt was set up at
Waterhouse Lane, Chelnsford (at peak productlon ln f945 nearly 2r500
magnetrons per month were J,eaving the factory). lJtren the Cable and
I{ ireless ItK facl l l t les were natLonallsed ln 1946 and transferred to the
Post Off ice, the Marconl Coropany (as the manufacturing organLsatlon)
rras sold to the English ElectrLc Cornpany, and the valve unit became the
Engllsh Electr lc Valve Company. In 1985 l t  st l l l  tncludes magnetrons
amongst  l ts  major  products.

Arnongst the passlve components used during the war and
subsequently ltas the quartz crystal on whlch nost cornmunlcation and
navlgatlon systems depended. A team led by Norman Lea was carrylng out
research on methods of  f requency stabt l lsat lon,  Lncludtng methods of
reduclng the ef fects  of  long term dr i f t  ln  crysLals  which was a
troublesome problem in equlpments of that generatlon. In paral lel
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T.D.  Park in  and co l leagues were  engaged in  the  growth  o f  c rys ta l  quar tz
and the  cu t t ing  o f  c rys ta ls  fo r  use  in  the  s tab le  sources .  The
rnajor i ty of  the sources were enbodied ln equipment belng manufactured
in the Chelmsford factory and the demand grew to such an extent that
produc t lon  un i ts  spec i f i c  to  the  purpose had to  be  se t  up .  Over  9000
were  made in  L943 w i th  ha l f  o f  the  Baddow S i te r  BS we l l  as  a  Che lnns ford
un i t ,  be ing  devoted  to  the  ac t iv i t y .  The Baddow manufac tur ing  un i t  was
led by D. Fairweather who in the post war years becarne manager of  a
crys ta l  manufac tur ing  un l t  a t  l lackbr tdge.

Pub l lca t ion  o f  many o f  the  ac t iv l t les
years has never been made because of  their
secur i ty but they can best be sr. rmmarLsed as
nat ional  needs as they were foreseen at  the
as  the  war  p roceeded.

carr ied out dur lng the war
relevance to nat ional

a  sequence o f  reac t ions  to
tLme and as they developed

2 . 5  T h e  E n g i n e e r  a s  W a r t i m e  C i t l z e n

This pol icy was not conf ined to the technlcal  work.  The
Labora tor ies  had i t s  own Home Guard  p la toonr  led  by  the  un i t rs  cash ie r ,
N o r m a n  l h i g h t ,  a n d  f l r e  b r i g a d e  l e d  b y  R . F .  O r N e i l l ,  a  s e n i o r  e n g i n e e r
l n v o l v e d  i n  a e r i a l  d e s i g n .  I n  a d d i t i o n  t o  t h e l r  t e c h n l c a l  a c t l v l t i e s ,
eng lneers  d ld  n lgh t  du t ies  on  the  s l te  as  f l re  watchers ,  f l r s t  a lders
and telephone switchboard operators.  Dur lng the day some acted as
spotters of  enemy aircraf t  and sounded Klaxons to give warning to their
co l leagues s t i l l  a t  work .  A11 were  ready  to  respond to  phys lca l
chal lenge as they did to technlcal  problerns when the occasion demanded
i t .

Research had to be devoted to short- term aims and the resul ts
enbod ied  in  p rac t ica l  equ lpment  in  the  shor tes t  poss ib le  t ine .  Longer
te rm pro jec ts  such as  te lev is ion  had to  be  pu t  on  one s ide  and
ind iv idua ls  had to  adapt  themse lves  to  new ro les  and new cha l lenges .
However,  many of  the techniques and devices which emerged from the
wart lme work were to f ind appl lcat lon ln peacetLrne roles later and
those members of  the research teams who had not moved permanent ly into
develop'urent,  manuf actur ing or cornmercial  act lv i t ies had developed the
experEise and mot ivat lon to take on the new tasks which the end of
h o s t i l l t i e s  p r e s e n t e d  t o  t h e m .
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THE RETURN TO PEACE

Af te r  the  war  ended the  Serv ice  Un i ts  w i thdrew f ro rn  the  s i te ,  s ta f f  who
had been seconded to  work  e lsewhere  B.g .  a t  the  Adn i ra l ty  S lgna ls
Estab l i shment  o r  a t  TRE Malvern  re tu rned,  and the  Labora tor ies  tu rned Ehe i r
a t ten t ion  to  peacetLne needs.  The na ture  o f  the  research  d id  no t  however
undergo a fundamental  change.

3.1 Frequency Contro l

t For exanple there was stll l a need for precise control of
frequency of comunlcation channeLs and work to overcome the long tern
drlft of quartz crystals nas contlnued. Ttre problen waa eventually
overcome by packlng the crystals ln glass aealed unlts (a procedure
whlch had begun ln wartine) and later ln m5 caees, slnllar to those
uaed for translgtors. The frequency range over whlch crystals could be
supplLed was also extended fron I kllz to 100 MIlz, uslng flexural nodes
at the lorrer end aod overtones at the upper, and frequency stablllty
was luproved by encloslng the cry8tals ln ovens at preclsely controlleC
tenperatures. In Lears frequency control tean theae developments were
incorporated lnto frequency standards wlth drlft8 as low
as a few parts ln lgld per'nonth whlch could not be surpassed until the
arrtval of atomlc standards. An exanple of an equlpnent resulting from
thls nork $as the TME2 Frequency lGasurlng Equlpment (a aucceaaor to
tbe wartlne Tl,lE l) used by the BBC at lts Tat8fleld nonltorlng station
and by broadcastlng adninl st ratl.ona throughout the world.

In  addl t lon to the work on o6c111ators of  the h lghest  6tab111ty,
denandlng Eultlple ovens wlth tenperature control of the crystal to a
few nllLidegrees, research into ternperature control of a lower order
was alned at the achievenent of frequency stablllty of about I part ln
a nlll lon for corurunlcation requlrements. In afl oven designed by
D.J. Fewlngs, rrorklng ln a team controlled by Dr. G.L. Grlsdale, he
used Ehe expanslon of naphthalene at lts nelting teoperature to
actlvate a control srrltch to the heater.

Many thousands of these ovens were sold by the SpecLallsed
Conponents Dlvlslon to custoners, the najorlty of whon where outalde
the ldarconL group. Another euccessful eerLes of crystal osclllators
used transletora as rapld-heatlng eleuents, and crystals ln translstor
cases, nlth the uhole aesenbly belng contalned in an evacuated
nlnlature valve envelope to p'rovlde rnaes-free theroal Lnsulatlon.

3.2 Televlslon Resutred

The lnltiatlve on televlslon research and develop,rnent had been
lost to the Unlted States durlng the rrar years but \rork was restarted
ln 1946 in a team strengthened by the recrultment as Chtef Televlsion
Englneer of L.I l .  Bedford, rrho had been one of the leaders ln radar
developrment at Cossor I s. An agreement wlth RCA enabled the team to
obtain up to date lnformatlon fron whlch to advance their own work and
by 1949 Bedford was able to demonstrate, to an audlence at the Royal
Soclety of Arts, pLctures froro an lnage orthlcon camera whlch lost very
l i t t le ln elther contrast or definltLon when the source of l l l r .rnlnatlon
was changed from a spotl lght to a single candle. In the same year the
Varslty Boat Race was for the f irst t ime televised from 6tart to f lnish
uslng a sini lar camera and the research team eras able to turn l ts
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thoughts to the problens involved ln aysten funprovenents lncludlng the
Lntroduction of colour to the Dlctureg.

The Marconi CoEpany had not been lnvolved in the manufacture of
donestic radlo receivers slnce 1929 when lt sold lts Marconlphone
Conpany and the uae of the copyrlght signature "G. Marconl" to RCA ln
an agreenent whlch preeluded lts tradlng 1n donestlc recelvets for a i

perlod of 20 years. However ln the late 1940's the Baddow Laboratorles
were gLven the ta6k of deeignlng a televlslon recelver. Itls lrent lnto
productlon at an Englleb Electrlc factory at Llverpool and wae marketed r
as the ltodel 1550. Soroe nembers of the tean lnvolved Ln lts
development were then tranEferred to radar dtsplay work and others to
the problens of stable channelised aLrcraft transuttters and
recelverg.

In the meantLne the etudlo research tean was studylng the problerns
lnvolved ln lntroduclng hlgher resolutlon black and whlte systerns (625
llnes lnetead of 405) and colour. Under the dlrectlon of L.C. Jesty
they [ade an experlnental 2-tube colour canera whlch was used for
dernonstratLon purposes well before the declslon ras taken to
gtandardlse on the PAL eystem ln the U.K., and assenbled the necessary
background technology to enable a developDent actlvlty to be launched
lnnediately the decLslon on the preferred systen ras known. In 1956 lt
was declded that Byst.en prlncLples were suffLclently wel-l establlshed
for the televlslon actlvlty to [ove out of the research doEaln and the
tean transferred to developrDent activlties at Cheln8ford, dlvldlng
thelr Lnterests between teo dlvLslons - Broadcastlng and Closed
Circu l t  Telev ls lon.

3.3 llicrowaves and !'nlllnetric Waves

When the Laboratorl-es were f lrst formed a small  team led by
N.M. Rust  nas g lven the specl f ic  responsibt l i ty  for  explor ing new
ldeas whlch could be used as the basis of patents, the Mareoni Company
from Lts inceptlon havlng had a strong tradit lon for lnl t iat lon and
explo i ta t ion of  patents.  This  team l tke others was engaged on
actLvit les speclf lc to the war effort but as l t  ended began to study
agaln how some of the ldeas formulated could be used in peacetime. In
the perlod L946-47 J.F. Rarnsay published in the Marconi Revlew a series
of art lcles on Fourier Transforms ln Aerial Ttreory whlch was wtdely
used by antenna engLneers throughout the world for many years, untl . l
the advent of digital conputers nade l t  posslble to improve on the
analyt ical deslgn techniques which he employed.

Wtthtn Rustrs team work also began on the possible uses of the
upper end of the mlcrowave frequency spectrum, one of the part lcipants
belng P. S. Brandon a future Chief of Research for the Marconl Cornpany
and later Professor of Electr lcal Englneerlng at Canbrldge UnLverslty.
A magnetron to operate at about 40 Gllz had been deslgned ln the
Servlces Electronlcs Research Laboratory at Baldock and was belng
further developed at ELl iott  Bros Ltd Borehamwood. Other components
were deslgned at Baddow and used as a basis for system experLments.
Very few of the components for the frequency band rrere readily
aval lable at thls t lne and the Laboratories had to deslgn and
nanufacture thelr o!{rlr In doing so they developed a number of
relat ively new t,echniques such as electrofornlng, and precislon castlng
and nachinlng and aLthough the 40 GHz work $ras temporarily suspended in
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t h e  e a r l y  l 9 5 0 r s  t h e s e  w e r e  a p p l t e d  s u c c e s s f u l l y  i n  o t h e r  f r e q u e n c y
bands and were  resusc i ta ted  ln  the  l960ts  when work  began on  low loss
wavegu ide  t ransrn iss lon  fo r  po ten t la l  use  ln  t runk  communlca t l -ons .  A t
40 GHz many of  the techniques were quasi-opt ical  and amongst the
antenna components studied were lenses ln an "egg-box" construct lon
l - .e .  a  3 -d imens iona l  a r ray  o f  rec tangu lar  wavegu ides  bonded together
and dimensioned so that the phase change of  an electro-magnet ic rrave
passing through the structure var ied over the cross-sectLon ln a rray
prec ise ly  ana logous to  tha t  ln  a  d le lec t r l c  lens .

3 . 4  C W  R a d a r

Brandon and others were at this t ine carrying out research on FM
radar and designed an S-Band system which was used to carry out
exper l -ments on a s i te  at  Benacre,  near  to  Lowestof  t .  Thts exc l ted
l-nterest from the Admiralty (for submarlne Schnorkel detectlon) the
army (for sentry use) and some non-mil l tary users, including the
Marconi Internatlonal Marine Conpany but did not develop lnto a
practlcal system, primart ly because the technology was too far ahead of
the market  need.
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4 . THE ERIC EASTI^IOOD PERIOD

Other  work  such as  tha t  on  d i rec t lon  f ind ing ,  p rec ise  f requency
cont ro l  and measurement ,  and e lec t romagnet ic  wave propagat ion  cont inued
throughout the 1940's but the Marconi  Company, whieh had been owned by
Cab le  and Wi re less  (Ho ld ings)  s lnce  1929,  became par t  o f  the  Eng l lsh
Electr i -c Cornpany ln L946 and t ,h ls was to introduce a new personal t ty of
cons iderab le  in f luence,  Dr .  Er ic  Eas twood,  and a  new area  o f  ac t l v l t y
t o  t h e  R e s e a r c h  L a b o r a t o r i e s .  ( F . N .  S u t h e r l a n d  a n  E n g l l s h  E l e c t r l c
englneer of  considerable exper ience had become General  Manager of
I ' larconi at the beginning of 1948 and at about the same tine R.J. Kernp
succeeded Robb as  Ch ie f  o f  Research . )

4.1 TYpe 11 -  Ttre Introduct ion to 600 Ml lz Radar

I t  was  dec ided to  t rans fer  the  task  o f  up-da t ing  a  l l t t le -used
wart lme radar the I lpe 11, operat l -ng ln the 600 MHz frequeney band,
from the Nelson Research Laborator les at  Staf ford to Great Baddow.
(The up-dat ing  Lnvo lved conversLon o f  the  re la t i ve ly  c rude coho-s ta lo
sys tem o f  mov ing  ta rge t  ind ica t ion  to  a  fu l l y  coherent  sys tem) .
A l though the  two events  were  no t  d i rec t l y  connected  Dr .  Eas twood,  who
had worked on radar ln No 60 Group, RAF throughout the war,  for  much of
i t  w i th  the  rank  o f  Squadron Leader ,  a lso  t rans fer red  f rom Sta f fo rd  to
Baddow at about the same t ime in order to take up an appointment as
Deputy Clr ief  of  Research. Thereaf ter ,  Kernp tended to concentrate on
the  longer  es tab l i shed ac t iv i t ies  o f  the  Labora tor les  and Eastwood on
the  deve lopment  o f  new ones ,  w i th  a  par t i cu la r  emphas is  on  peacet iue
a p p l l c a t i o n s  o f  r a d a r .

4 .2  Mar ine  Radar

l{ork had already begun by 1946 on the development of  marine radar
for use by merchant shipping. the prototype of  an X-Band radar,  g iven
the  name Rad io loca tor  I ,  was  bu i l t  ln  the  Research  Labora tor ies  by  a
team wh lch  tnc luded R.P.  Sh lpway,  recent ly  re tu rned f rom war t ime
serv ice  a t  T f f i ,  and  B.J .  Wi t t .  I t  was  ins ta l led  on  the  Duke o f
Lancas ter ,  opera t ing  be tween Heysharn  and Be l fas t .  A  second pro to type,
Rad io loca tor  I I ,  fo l lowed (one rnode l  on ly  was bu i l t )  and w i th  l t s
successor ,  Rad io loca tor  I I I ,  fu r ther  deve lopnnent  and manufac ture  passed
to  the  main  fac to ry  in  Che lns ford .  Rad io loeator  I I I  was  marke ted  in
quant i ty by the Marconi  Internat ional  Marlne Company.

4 .3  UK At r  Defence

Eastwoodrs f l rs t  na jor  task,  ln  which he was ass ls ted by
C.D. Colchester and Shipway amongst others, was a maJor study of the IIK
ground radar defence system carrled out on behalf of the RAF and
culmLnatlng ln a set of recommendatlons for up-datlng (known was
Project  Rotor) .  Subsequent ly  th is  was extended to cover  mobi le  radars
also (Project VAST). The Alr ! , l inlstry accepted most of the
recornmendatlons ln the report ln L949 and much of the redeslgn and
manufacturLng was entrusted to a newly formed Dlvision of MarconiIs
( then cal led ServLces Equipnent  Dlv ls ion and la ter  Radar Div is lon) .
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4 . 4  F i x e d  C o i l  D i s p l a y

The ROTOR plan l ras concerned with the re-establ tshment of  three
radar systems, CHEL (Chain Home Extra Low) ,  CEW (Cent imetr ic Ear ly
Warn lng)  and GCI  (Ground Cont ro l led  In te rcept ion) .  In  war t lme a l l  had
used p lan  pos i t lon  d isp lays  w l th  mov l -ng  co l1  de f lec t ion  sys tems,
1 .€ .  co i l s  ro ta t ing  round the  neck  o f  the  ca thode ray  tube in  o rder  to
produce a  ro ta t ing  t lme base synchron ised w l th  the  ro ta t ion  o f  the
radar antenna. In the nerd plan for CHEL and CEW for R0T0R and in all
the VAST vehlc les th is technique r ias agaln ernployed but Eastwood
advanced a convlnclng argument,  based on a forecast requlrement for
da ta  hand l lng  ln  radar  d isp lays ,  tha t  the  la rge  GCI  s ta t lons  shou ld  be
equ ipped w i th  f l xed  co i l  d isp lays .  Def lec t lon  to  the  t ime base ln  the
requlred direct ion was achleved by apply ing sui tably phased vol tage
waveforms to two orthogonal  pairs of  coi ls.  Thus l t  was posslble to
lnser t  ex t ra  ln fo rmat lon ,  such as  a lpha-nr :mer lc  da ta  on  ta rge t  he lgh t ,
at  any requLred posi t ion ln the lnterval  between successLve t lne
b a s e s .

I ' lore lmportant ly ,  i t  a l lowed data re levant  to  the posl t lon of
targets to  be ext racted (by over lay lng markers)  for  processing or
d lsp lay e lsewhere.  Eastwood set  up a team under  the d i rect lon of
R.P.  Shipway to examine the possib l l l t les on specia l ly  developed
equipment .

The Royal Radar Establ ishrnent of l lalvern had already made
prel irninary studies of f lxed coLl displays and ln work sponsored by
then the Baddow team undertook a project to develop a system for use on
operatLonal  RAF s i tes.  In  order  to  ensure the l lnear t ty  and
di rect lonal  accuracy of  the t ime bases the currents ln  the def lect ion
coi ls had to be control led very precisely and much orlginal thought
went  ln to the analogue d isp lay c l rcu l t ry .  Shipway a lso adopted the
concept  of  " fu l ly  to leranced c i rcu i t  des ign"  whereby f rom the outset  of
the design process,  manufactur ing to lerances of  c i rcu i t  components were
taken into account, thereby ninimising the problens l lkely to be
encountered ln manufacture and test, and contr lbutlng greatly to
rel labl l i ty of the equlpment in service. Ful l  manufacturing drawings
were produced and over 1000 display units subsequently made in Marconi
and Plessey Conpany factor ies.

By the end of  1953 the f lpst  d isp lays,  wi th  the assoclated radar
off ice equlpment, r i lere tn operatlon at RAF Bawdsey.

4.5  Radar  Research  ln  L .  Band

Another act ivl ty begun 1n 1950 ln assocLatlon wlth RRE nas a
practlcal study of a frequency band whlch had not previously been used
for ground radar ln the ItK. The early CH radars had operated ln the
h.f.  band. (about 25 MHz) and the later generatlon, fol lowing the
developrnent of the cavLty magnetron, ln the centlmetrlc bands (about
3 GIIz). Ao lntermediate band, around 200 Mllz had been used for GCI
(Ground Control led Interceptton). The new work was centred on 1.3 GHz
and it tf,as hoped to get some of the advantages of all the other three,
€rgo relatLve freedonn from the dense clut, ter experLenced on centlnetr ic
radars when operatLng in rain, conslderably better detection of low
flying targets than was achievabLe ln the HF band and hetght f tnding
wi th a sLngle radar  antennar  8s ln  the GCI|s  but  wi thout  the necessi ty
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