
of  us ing  the  very  f la t  s i tes  wh ich  had charac ter ised  thern .  Aga in  there
was l l t t Ie  tes t  equ ip rnent  and few components  ava l1ab1e fo r  th ls
f requency  band and much o f  the  ear ly  per iod  was devoted  to  deve lop ing
both .  The research  rdas  success fu l  in  tha t  l t  demonst ra ted  the
feas ib i l i t y  o f  deve lop ing  a  long range radar  w l th  exce l len t
an t l -c lu t te r  charac ter ls t i cs  in  th is  waveband bu t  the  ob jec t lve  o f
carry ing out bear ing measurement and height f inding from one antenna
system sras not achieved. The ldea which was at t r ibuted to
C.D. Colchester who also led the tean was to use three waveguide
ar rays ,  each w i th  a  rad la t ing  f la re ,  mounted  above one another .  S igna ls
from the upper and lower were combined and conpared with that from the
centre.  SLnce the combLned bean was only hal f  the wldth of  the centre
one the rat io of  s ignals varLed with angle of  e levat ion but,  as they
or ig lnated from antennas at  the same mean helght,  l t  was hoped that the
effect  of  earth ref lect ion would be the same for both and that the
der ived  e leva t lon  ang le  wou ld  no t  appear  to  vary  due to  s l te  e f fec ts  as
the antenna rotated. The exper lmental  work showed that the var iat lon
was in fact  suf f lc lent  to make the der lved angle of  e levatLon, and
there fore  ta rge t  he igh t ,  much less  accura te  than cou ld  be  ob ta lned f rom
a dedicated narrow beam heightf inder and the ldea was not pursued.
Survei l lance radars for  th is band were however developed and marketed
by the Conpany for both rol l l tary survel l lance and clv l l  a l r  t raf f lc
c o n t r o l .

4 .6  Mov ing  Target  Ind ica t ion

An interestlng aspect of this work rtas that of clutter
suppresslon. The Type l l  referred to earl ler had employed a technique
of moving target lndication (MTI) whtch involved comparison of the
phase of  sLgnals received f rom successive radar  pulses,  wi th  phase in
each case belng referred to that  of  the t ransro i t ted pulse by use of
either coho-stalo or a coherent drlve system. The comparlson nas made
by delaying the earl ier received pulse ln a water delay l ine a
temperature-control led vert ical ly mounted column of water wlth lnput
and output transducers at the upper end to convert the radio frequency
signal to acoustic and vice versa. The pulse recurrence frequeney
demanded by the system was such that the path through the water, from
surface to base and back again had to be about  3 metres ( i .e . ,  the tube
about U metres high) which made the system cumbersome and impractical
for anythlng other than a stat ic fnstal lat ion. The MTI team led by
W.S. Mort ley devLsed an alterpative system whereby the delay medium was
mercury, ln a shal low f lat cel l ,  wLth the acoustlc wave transverslng l t
hor izonta l ly  by a tor tuous mul t l - re f lect ion path.  The cel l  whl le  s t111
very heavy requLred consLderably less space but became obsolete very
rapldly when tt  was appreciated that the same effect could be achieved
by passing the acoustLc wave through an irregularly shaped
nult l- facetted slab of quartz, deslgned so that the slgnal crossed the
slab many tlnes from lts launch by the lnput transducer to lts
emergence at the output. Quartz being a materiaL wlth low expansion
coeff lclent the delay cel l  was not only much l lghter and smaller than
the mercury equivalent but lt also needed no temperature control and
was not subject to spl l lage. In addit lon to thelr work on cel l
materlals I ' lort ley and hls team developed the arnpl l f lers necessary to
drlve the lnput transducers and to aurpl l fy the output sLgnals, and thls
work led subsequently to the use of quartz and other materials ln pulse
compresslon for  radar .
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4 . 7  A i r  S u r v e i l l a n c e  a t  J e r s e y  A i r p o r t

Al though much of  the work in the radar f ie ld was st inulated by the
requLrements  o f  IJK and Overseas  Defence Author i t ies  a t ten t ion  was a lso
be ing  g iven to  po ten t ia l  c iv i l  uses  o f  radar .  In  1948 the  Marcon l -  A i r
Rad io  D iv is ion  was awarded a  cont rac t  fo r  an  a l r  surve i l lance radar  to
be used fo r  aLrera f t  con t ro l  a t  Jersey  a i rpor t .  I t  was  in tended tha t
th ls  shou ld  be  based on  the  mar ine  Rad io loca tor  I I  bu t  the  requ i rements
fo r  appropr ia te  cover  in  the  ver t i ca l  p lane dernanded a  new antenna
design with swi. tchable beams, one having a Cosec2 shape for longer
range targets,  and the other having a fan shaped high cover pattern for
use when targets were c lose ln.  Renoveable c i rcular polar lsers rrere
f l t ted  to  the  an tenna to  reduce the  e f fec t  o f  raLn a t tenuat ion ,  wh ich
could be relat lvely severe because of  the hlgh operatLng frequency
( tO GHz) .  In  o rder  to  ach ieve  the  necessary  inc rease ln  range requ i red
for  th ls  app l l ca tLon a  h igher  power  t ransmi t te r  was  a lso  requ i red .  I t
used the  Eng l tsh  E lec t r i c  Va lve  4J50,  de l tver ing  a  peak  power  o f  200 kw
( 0 . 5  U s e c ,  1 0 0 0  p u l s e s / s e c o n d ) ,  w h i c h  w a s  h t g h  f o r  t h a t  t l n e .  F u r t h e r
enhancements in performance were achieved by uslng both logar i thnic and
l lnear  rece ivers ,  w i th  swept  ga ln  and shor t  t ime cons tan t  fac l l l t i es .
The f ina l  des ign  has  there fore  l l t t le  in  common wi th  Rad io loca tor  o ther
than the  opera t ing  f requency  band.

Th is  p ro to type,  des igned en t i re ly  in  and ins ta l led  by  the  Research
Laborator les and employing a number of  nerd techniques was ln
opera t iona l  use  in  Jersey  un t l l  1959 when i t  was  rep laced by  a  new
des ign  opera t ing  aE approx i rna te ly  600 Wlz ,

By the n id 1950r  s  a to ta l  capabi l i ty  for  pulsed radar  research was
establ lshed ln  the laborator ies,  G.N.  Coop who had worked on te lev is ion
transmit ters and on the 1.3 GHz t ransmit ter  wi th ln the Chelnsford
works,  havLng t ransferred to the laborator ies to  lead a htgh power
team; O.E.  Keal l  and others work ing on receivers and R.P.  Shlpway and
col leagues on d isp lay and data handl ing systems,  a l l  in  conjunct ion
wlth the antenna and signal processing work already mentioned. The CtI
and FM work on the other  hand had tended to decl ine,  wi th  lnsuf f lc ient
market  dr lve to push i t  forward.  However one of  the most  s ign l f ieant
advanees of  the century,  the widescale appl lcat lon of  semi-conductor
technology was st i1 l  to  come.

4.8 Antennas -  A New Measurement  Faci l l ty

One of Frankl l .n's o.t t"trndlng contr ibutl .ons to the short-wave beam
system ln L924 was the f lat broadslde array of l inear radiators
supported ln front of a wlre ref lector on tal l  T-towers. The narrow
beams produced by these structures nere probably the most effect lve
land-based long-range communLcatlon antennae untl l  the Multt  Unit
Steerable Array some f i f teen years later, and they lrere only replaced
ln the 1950's by the cheaper rhombic destgn because of l ts wlder
frequency coverage and lower malntenance cost.

In 1953 the Research L,aboratorLes started a program to lnvestlgate
the performance of wire corwnunication antennae, and for thts purpose a
wire-mesh covered platform was constructed in the f ield to serve as an
earth plane on which scale models of wire antennae could be mounted.
The models worked aE 300 to 600 MHz and were rotated to plot the
hor lzonta l  po lar  pat terns,  whl ls t  a  40 foot  lnsulated boom carr led a

-17 -
1986 GEC Research Limited



b a t t e r y  f e d  t e s t  o s c l l l a t o r  o v e r  t h e  e a r t h  p l a n e  f o r  v e r t i c a l  p o l a r
diagrams. Over th l r ty years th is equipment has been used to measure
sh ip ,  land  veh lc le ,  a i rc ra f t ,  te lev ls lon  and o ther  an tennae,  and
s l m i l a r  l n s t a l l a t i o n s  w e r e  s e t  u p  a t  S e r v i c e  e s t a b l i s h m e n t s .  A  f u 1 1
sLze range fo r  tes t lng  an tennae on  veh ic les  up  to  100 tons  ln  we igh t ,
was instal led at  SRDE Christchurch using a ral lway type turntable
produced by the } lechancial  Engineer lng Laboratory.

Anong the cont inuing h. f  .  cornmunlcat lon projects rras an
lnves t lga t lon  ln to  the  e f fec t l veness  o f  po la r lsa t ion  d ivers l ty  fo r
rece tv ing  long-d is tance t ransmiss lons .  I t  was  conc lus ive ly  shown tha t
antennae at  the same si te wl th orthogonal  polar lsatLons gave equal
performance for diversl ty recept lon as pairs spaced several  hundred
yards  apar t ,  and severa l  h . f .  rece iv ing  s ta t lons  have been equ lpped
wlth long-per lodic arrays of  thts type; these are rnalnly defence
lns ta l la t lons ,  the  c lv l l  h . f .  l l nks  hav lng  been d isp laced by  h igh
capac l ty  sa te l l i te  and cab le  methods .
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5 . PHYSICS-BASED RESEARCH

5 .1  Semi -Conduc to rs

In 1948 the advent of the transistor had been announced from Ehe
Bel l  Laborator ies in  the USA and the whole of  the e lect ronics wor ld
began to look in  that  d l rect lon.  By 1951 Eastwood had set  up a
semi-conductor  research laboratory under  the d i rect lon of  I .G.  Cressel l
and he wlth a nr:mber of col leagues began to grow germanltrm crystals and
study doptng technlqu€sr Although the laboratories had some background
in crystal growth from Parkinf s work on quartz durlng and after the
war, the techniques lnvolved for semi-conductors were very dif ferent
and l tke other I IK workers the team had to bui ld thelr experience
vlrtual ly from scratch. New techniques for ref inernent and analysis were
developed and snal l  quant i t les of  prototype devlces made for  evaluat ion
by other unLts withln the laboratorLes and by product divisions of the
Marconi Company. A11 the early work nas, as tn the rest of the world,
devoted to germanlum but by the late 1950r s the seml-conductor
laboratory had extended i ts  sk l l ls  to  the uses of  s l l lcon and,  to  a
lesser  degree,  Bal l lurn arsenide.  A manufactur tng faet l i ty  had a lso been
set up within the English Electr ic Valve Cornpany and was producing,
Lnter  a l la ,  Large area h igh current  rect i f iers  to  designs evolved by
the Baddow Laborator ies.

By the end of  the l950ts much of  the work of  the semi-conductor
laboratory was devoted to the suppor t  o f  a  new factory set  up as a
col laborat l -ve venture between Engl tsh Elect r ic ,  Mul lard and Er icsson.
However this proved to be a relat ively short term arrangement as by
L962 the col laborat lon was terminated fo l lowtng the acquis t t lon of  the
Er icsson ln terest  by the Plessey Company.

5 ,2  Vacuum Phys ics

In L954 R.J. Kernp moved from the laboratories to Ctrelmsford to
become Deputy Engineer ln Chief of the MarconL Company and Eastwood
took over as Chief of Research. In that year he set up another new
act lv l ty ,  the Vacuum Physlcs Sect ion,  under  the d l rect ion of
G.D. Speake. I{ork on valves had ceased ln Baddow at the end of the t{ar,
with most of the personnel havlng moved to Waterhouse Lane, Chelmsford
to a manufacturlng unit which, fol lowlng the purehase of the Marconi
Company by Engltsh Electr ic, ,became English Electr lc Valve Conpany
(EEV). Eastwood bel leved that there was a need for contLnued research
work ln vacuum physlcs, part lcularly to fulf l l  the need for snal l
quanti ty special" lsed devlces ln radar. The team wlth support from the
Royal Radar Establ lshnent worked on devlces for radar recelver
protectlon (TR cel ls) and on nolse tubes to be used as standards Ln
receiver noise measurement. The f lrst appl lcat lon of thelr devices was
ln radars for the I,300 MIlz band, deveLoped by the Radar DivLslon of
l ' larconi and sold to a number of customers ln the nl l l tary survel l lance
and c lv i l  a i r  t ra f f lc  contro l  f te lds.  Devices for  the 31000 Mlz band
fol lowed and, although discussl-ons took place from t lme to t lme
regarding posslble transfer of manufacture to EEV the quantl ty demand
remained small  and customersr needs are st i1l being met ln 1985 from
the pi lot facl l l ty. Design and manufacture for nehr requlrements was
however passed to EEV and from the end of the 1950's only such research
work on vacuum and low pressure gas discharge devices as was necessary
to support systems research work by other units ln Baddow was carr ied
out  ln  the laborator les.

_r9_
1986 GEC Research L imi ted



5.3  l ' l agneto-Phys ics

A th t rd  phys ics -based  ac t i v l t y ,  a l so  s ta r ted  in  the  ear l y  1950 's
and led by Dr R.J.  Benzie,  was concerned wi th the study of  magnet ic
mater la ls  f  or  use at  microwave f  requencles.  Benzie,  a  war tLme RAF
col league of  Eastwood,  had carr ied out  research on magnet ic  phenomena
for  h is  D.  Phi l  a t  Oxford and had taken up a teachtng post  at  Exeter
Universlty. Ttrere he was sponsored by the Marconl Laboratorles to study
nuclear magnetic resonance whlch tt  was thought mtght, because of the
narrow l lne width lnvolved,  of fer  a means of  separat lng movlng targets
from the often much larger signals returned from f lxed objects such as
hl l ls  or  bul ld ings in  radar  systems.  In  1952 Benzle le f t  the Univers i ty
to jo ln  the laborator ies on s iml lar  work.  I {1s exper iments on nuclear
magnetic resonance did not result ln a practlcal system for a nr:mber of
reasons, not the least of whlch was the necessLty for the resonance
mater la l  to  be at  l lqutd hel lurn temperature,  a consLderable
dlsadvantage in an operatlonal radar. I le turned hls attentlon therefore
to a range of new materlals, commonly known as ferr i tes, whlch were
belng studied because of  the l r  potent la l  use ln  microwave devices wl th
non-rec lprocal  proper t ies 1.€. ,  dev ices ln  whlch phase change and/or
attenuation of electromagnetic waves passing through thern was dependent
on the d i rect ion of  propagat ion.  Demand for  lso lators and ct rcu lators
based on the use of  fer r i te  mater ia ls  grew rapid ly  wi th the developnent
of mlcrowave communication l inks and of new generatl-ons of radar, the
latter requir lng components capable of handllng high peak and mean
powers.  A range of  mater la ls  in  a var le ty  of  s izes was necessary in
order to cover the dlf ferent frequency bands, operatlng power levels
and at tentLon/phase character is t lcs requl red and th is  nas achieved by
study of  the prec ise const l tuents of  the ferr l te  mlxture,  and of
Processing parameters such as pressure and s lnter ing temperature.  Ear ly
requi rements for  Lsolators and c i rcu lators wl th ln the Marconl  operat ing
div is ions were met  f rom the research fac l l t ty  but  by the ear ly  1960ts
the demand had grown to the extent that t t  was decided to set up a
developnent and manufacturing faci l i ty wlthln the Speclal lsed
Components Dlvlslon and the bulk of the staff from the research group
on ferr l tes was transferred to new premlses ln Bi l ler lcay to undertake
th ls  task.  (Benzle had by th ls  t ime t ransferred to Engl lsh Elect r l -c ,
Staf ford as Dl rector  of  the Nelson Research LaboratorLes.)

A11 these physlcs-orLentated actlvl t les were almed at fulf i lment
of system needs of the Marconl Companies and much of the research in
other parts of the laboratorles lras devoted to the study of system
Parameters' lncludlng the assenbly and test lng of prototyp€sr usually
ln  assoclat lon wl th one of  the operat ing dLvls lons.
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6 .

6 . 1

THE LATER 1950rs

Fur Hat and Linesman

In 1957 the Marconi Radar Divislon was approached by the Royal
Swedish Al r  Force wi th a requl rement  for  a s tudy of  the Swedish Defence
and Alr Traff lc Control System. A contract was awarded to the Company
and Eastwood and other col leagues who had been lnvolved ln the studies
f or the RAF nere lnstrumental ln carrylng tt  out. On completion of the
study,  proposals  were lnv l ted for  design and lnsta l la tLon of  a Contro l
and Report ing Centre and a ftxed prLce contract was won by Marconi,
wlth a large proport lon of the deslgn and cormlssloning work being
al located to the Research Laborator les.  I t  drew substant la l ly  on the
exper t lse acqul red by Shipwayrs team on ear l ler  pro jects ,  amongst  which
were a number of  specla l lsed d lsp lays.

For  example,  a large d ianeter  (21")  PPI  dtsp lay mounted
horizontal ly so that four users could group around l t  had been
developed under  the R0T0R contract .  In  the same pro ject ,  technlques
had been developed for  automat lc  posl t ion ing of  a  nodding height  f inder
by over lay ing a s t robe marker  on a se lected target  on a PPI .  Ci rcu i ts
for  d lsp laytng a lpha nrrmer ic  data on d isp lays ln  posl t lons contro l led
from a Joystlck or rol l lng bal l  had been deslgned durlng technique
studles carr led out  on behal f  o f  RSRE in the n lddle 1950rs.  A lso for
RSRE raid analysls technlques, whereby areas of l-nterest ln an
operat lonal  scene could be examLned ln  deta l l  on a fBt  scope
(bear ing/ t ine d lsp lay)  or  a Maglc Carpet ,  were studled on specia l ly
designed equLpment,.  (The Maglc Carpet was a dlsplay on whlch
horizontal deflect ion lras a conbLnatlon of range and bearlng, and
ver t lca l  def lect lon of  t lme and s ignal  s t rength,  the overa l l  e f fect
being a picture ln which the slgnal pulses appeared ln three dlmensions
from the background) .

Al l  these techniques were used ln fulf l l l tng the requLrements for
the Royal Swedish Air Force Board Ln a proJect known as Fur Hat.

By the t lure that the contract was received, develop'rnents ln
transistor technology were beglnning to make the use of dlgital
technlques ln  c i rcu l t ry  pract ica l  par t lcu lar ly  ln  the processlng of  raw
data recelved from the radar heads. The Fur Hat system lncorporated a
purpose bul l t  progranmable digltal computer l lght-heartedly chrlstened
TAC (an acronlm for transLstorl ,sed automatlc computer whlch also
happened to mean "Thank You" ln Swedlsh), for f lghter lnterceptLon
computlng. I ts maln data processor was a hard-wlred loglc devlce ln
whleh data storage was carr ied out ln a paral- lel  array of acoustic
delay l lnes. The f lrst stat lon lras completed successful ly by 1963 with
the result that a further contract for a second stat lon lras placed and
was fulf lLled approxlnately 2 years later.

Whlle the Swedlsh Alr Force was rnodernlzlng lts control and
report lng system the Royal Alr Force was carrylng out a simllar, albeit
more extenslve, exerclse to cul-mlnate ln an up-to-date control centre
at West Drayton. In thts also the expert lse of the laboratorl .es was
utl l ised Ln the deslgn of ful ly translstorlsed marked rarr radar
dlsplays wit,h much htgher translt lon and character writ lng speeds than
had been achleved prevlously. Interface unlts were also deslgned to
couple the dlsplays to the digltaL data processlng system for whlch
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5 .2

Plessey was the contractor .  Regret tably  the per iods involved in  the
speci f icat lon,  deslgn,  manufacture and commiss loning of  the I IK system
(known as L inesman) were so pro longed that  i t  came lnto operat ion
severa l  years la ter  than the Swedish counterpar t ,  and was less advanced
in terms of  the technologies employed.

In carrylng out i ts major tasks on behalf of the defence and air
t ra f f lc  contro l  author i t ies the d ig i ta l  data processing team was
looklng for  oppor tunl t ies for  explo l t ing i ts  exper t ise ln  c iv i l
appl lcat ions.  One was the contro l  system of  a nuclear  power s tat lon
(I^JYLFA) Ln North l{ales, for whlch two TAC processors were required.

Another  was a s tatus moni tor lng system for  an e lect r lc t ty
generating stat lon, whlch made use of the X2000r dD ultra-high
resolut lon CRT disp lay wi th s t robe-wrLt ten characters.  Both of  these
products I tere so ld v ia  the Engl lsh Elect r lc  Industr la l  Products Uni t  a t
Kldsgrove.  ( f t  ls  ln terest lng to note that  a l though the X2000 was
never  manufactured in  quant i ty  l t  gave very sat ls factory serv lce as
par t  o f  a  system for  f l lght  t r la ls  analys is  and sof tware provJ.ng at
Baddow for  near ly  two decades f rom the ear ly  1960fs onwards.)

Bright Radar Dlsplays

The display systems deslgned for Fur Hat and Linesman were to be
used in control rooms where subdued l ightlng was the norm. There was,
however ,  a  requi rement  for  a d isp lay whlch could be used in  aLrcraf t
contro l  towers and other  dayl lght  appl icat ions.  For  such purposes
Engl ish Elect r lc  Valve Company developed the ETOZ f ive lnch d lameter
dlrect-vLew storage tube which was capable of glvtng a display many
hundred tfunes brlghter than the standard cathode ray tube. A unLt
based on thls tube was developed by D.I^I.G. Byatt and col leagues and was
lnstal led ln L962 at Gatwick Alrport where l t  displayed slgnals
received by the 5232 radar. After evaluation at Gatwick and
subsequently at Heathrow Alrport,  the system was put into development
by the !Larconl Radar Divlslon and many were sold for use in alrf ield
contro l  towers,  where they gave the contro l ler  the fac l l l ty  to
determlne the exact range of an approachlng aircraft and the abtl l ty to
fol low tts movements untl l  l t  coul-d be seen through the tower window.

An alternatlve method of obtainlng a brlght display was to use a
scan converslon tube, made by CEF ln France, ln whlch the radar PPI
data, produced by a rotat ing t lme base synchronlsed wtth the antenna
rotat ion ln the normal wayr was wrlt ten on a target and subsequently
read off by a raster scan process ln a manner very slnl lar to that used
Ln a televLsLon camera. Displays on thls prlnclpLe \rere in operation
ln the laborator les ln  the ear ly  1960rs.

A"J Studies

Although the Linesrnan programme was unduly prolonged and to some
extent out-dated there was one facet of the newly ernerglng UK ground
defence system ln which tt  nas well  up with the latest technology and
ln whlch the concept had not been previously employed. TLris lnvolved
the detectlon of lndivldual aLrcraft carrying Janmers ln the presence
of oany others. The effect of such a raid on a normal radar would be to
block out at least the whole of the sector ln whlch the alrcraft rrere
concentrated, and probabLy much of the remalnder of the display also.
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The laboratorLes in  assocLat lon wl th the Royal  Ai rcraf t  Establ ishrnent
under took dur lng the per lod 1955-1958 a s tudy of  a  system (WINKLE)
whereby signals from the jammers were col lected by two antennas t,he
norrnal radar antenna and a second rhlgh speedf antenna, perhaps 100 kns
dis tant ,  whlch produced a narrow bearn scanning the whole sector  of
interest ln the period during which any single target would be in the
maln radar beam. Signals from the high speed antenna were passed over
a radlo l ink to the main radar slte where they went through a series of
delay l ines before belng cornbined in correlators. Correlat lon was only
achleved when the delay ln the l lne corresponded to the dLfference ln
paths t raversed by the noise s lgnals  ln  reaching the corre lat lon point .
Thus from the known delay a target could be placed on a part l .cular
hyperbola and Lts  prec lse posl t lon determlned as the l -n tersect lon polnt
between the radar beam dlrect lon at the moment of correlat lon and the
relevant hyperbola. This system also used a programmable digital
processor  (a re-engLneered vers lon of  TAC).  The delay l1nes were
quartz Lnto which an acoustl-c wave was launched vla a quartz crystal
t ransducer ,  wl th  a s lml lar  t ransducer  belng used to co l lect
the output. The necessary high speed of scan whlch enabled a sector of
about 70 degrees to be covered in the Lnterval durlng which the normal
radar scanned over a single target was achleved by using a torus
ref lector  wl th  a ser ies of  feeds ln  the hal f - radius p lane,  ind iv idual
feeds being connected to the output receiver sequentlal ly through a
rotat ing p lck-up whlch scanned a c l rc le  of  secondary co l lectors,  each
of which was coupled to one of the main feeds. Thus for each rotat lon
of the pick-up the antenna beam scanned a sector of space determined by
the tota l  angle subtended by the torus at  l ts  centre.

In l t la l  t r ia ls  of  the system ln the North Sea were sat ls factory
and the equlpnent was then put lnto developrnent and manufacture for use
by the RAF.

6 .3  DoppLer  Radars

Wtrtle not cornmandlng the attentlon glven to pulse radar durlng the
1950ts work on varLous forms of CW radar contLnued, one of the earl ier
actlvl t ,Les belng a study of FI. l  CW radar for use at sea. Thls nas
fol lowed in 1950 by a further study, led by Mervyn Morgan, of a pulsed
doppler navlgatlon radar for the Royal Air Force. The equipment, then
code named Green Satln, determlned the direct lon and speed of an
alrcraft reLative to the ground, using the ground ref lect lon of slanted
nLcrowave beams radiated frour the alrcraft.  From observatlons of the
Doppler frequencles ln the returned signals, and al lgnnent of the
antenna array relatLve to e compass bearlng, the poslt lon of the
alrcraft relatLve to l ts start lng polnt could be determined wLthout any
reference to ground based equipment. The system was ready for aircraft
tr lals by September 1951 and becane standard for RAf'  planes untl l  the
1970ts.  Later  vers lons l rere so ld by Marconl  Aeronaut lca l  Div ts lon for
uge Ln clvl l  aircraft across the world.

In the latter half of the decade I'lorgan and hls team undertook a
study of a puLse doppler radar (Green Sparkler) uslng a I KW f0 GHz
kLystron manufactured ln the USA by Varlan. The lnlt lal  work was
devoted to a study of nol.se performance and other relevant parameters
but l t  led to four practlcal appl lcat lons for a radar based on a low
power CW klystron. They were:
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t )  Measurement  o f  the  ve loc i ty  o f  approaeh o f  a l - rc ra f t  land ing  on  a
n a v a l  c a r r l e r .

2 ) D e t e r m i n a t i o n  o f  t h e  p r e c i s e  v e l o c i t y  o f  a
f rorn the ns,zzLe of a BUo,

t ' leasurement of  veloci ty of  vehlc les on the

A speed meter  fo r  a  hoverc ra f t ,  requ i r ing
and there fore  no  drag .

she l l  a f te r  emergence

pub l ic  roads ,  and

no contact  wl th the water

3 )

4 )

Equiprnent wl th the acron)nn EVA (Electronlc Veloei ty Analyser)  for
shel l  veloci ty measurement was del lvered to the Br i t lsh Arny and worked
sat is fac to ry  under  the  arduous cond i t lons  exper lenced in  the  f ie ld ,  and
PETA (Po l lce  E lec t ronLc  Tra f f l c  Ana lyser )  was  used by  the  Po l ice  Force
in many countr les for  detect ion and proving of  speeding of fences on the
publ tc hlghway.

6.4 l ' { icrowave Communicat ion

The advances in radar techniques during this decade were
accompanled by slmilar developnents ln cornmunlcation. In 1947 Rudy
Kompfner, who worked for the Adrniralty durlng the war and moved to the
Bel l  Laborator ies ln  the USA thereaf ter ,  had conceLved the ldea of  a
t ravel l lng wave tube for  use as an anpl l f ier  or  osc l l la tor .  Rapld
advances ln  the development  of  d i f ferent  s t ructures for  use at  both
ends of  the power spectruml  1.e.1 for  h lgh power t ransmit t ing tubes and
low noise mLcrowave anpli f iers, took place, led from the USA but with
conslderable effort also in the IJK and France. The English
Electr lc Valve Company undertook developnent and manufacture and the
Baddow L,aborator ies s tudied potent ia l  appl lcat ions.  As microwave
anpli f iers and power generators the tubes were part lcularly useful ln
broad band radio l lnk systems, such as those requlred from transmission
of  te lev ls ion or  radar  s ignals ,  but  the connerc la l  Lmportance of  such
Links for carrying many telephone channels over Lnaccesslble paths was
also very qulckly real ised. Ttre early work nas carr ied out in a group
led by Rupert  Col l lns.  (Hts team also deslgned the f l rs t  L . f .
arnpl i f lers ,  us lng " l lghthouse tubes" ,  for  the 1.3 GHz radar  ment loned
ln 4.5, although they were replaced very early ln the programme by
wlred-ln miniature valves.) Coll lns left  the company Ln 1954 and
thereafter the work rdas shared.between two teams. One, led by
W.L.  Wr lght ,  concentrated on t ransmLsslon of  radar  and te lev ls lon
slgnals. Experftnental llnks were lnstalled between the CompanyIs own
radar sltes (at Bushy lliLl and lLLvenhall) and the Baddow Laboratories,
and between Baddow and RRE, Malvern. The team was also responstble for
desLgn and installatlon work on the ltnks for the IINKLE system
descrtbed Ln 6.2 and for operatlonaL l tnks used for transmltt lng
informatLon fron RAf'  stat ions to control centres. The second team, Ied
by S. Fedlda, carrLed out the lnit lal  research work on telephony
appllcatlon and, when the declslon nas taken to embark on manufacture
and marketing, Fedlda transferred to the Copmunlcatlons Divislon of the
Conpany and led the develop'nent team based at Wrlt t le. (Some years
later Fedida left  the Cornpany to Joln the Research Laboratorl .es of the
Brtt lsh Post Off ice at Mart lesham, SuffoLk and led the research team
whlch concelved the Preste l  system).
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The work ln Wrightts team on radar l tnks continued throughout the
1950 's  and  1960 ts ,  a l though  Wr tgh t  h lnse l f  t rans fe r red  to  a  new ly
formed Space Dlv is ion in  1965.  Amongst  these aehievements were
demonstrat ion l inks in the ItK (between RAF Bawdsey and RAE Farnborough)
ln 1956 and in  Nor th Norway in  L958/59.  Fol lowing th is  work they
undertook,  on behal f  o f  Marconl -  Radar Div ls ion,  development  of  a
p r i va te  ven tu re  l i nk  (SX 120)  and  ass ls ted  in  l t s  i ns ta l l a t ion  ln
Norway and Cyprus in 1963/64, and in the UK Atr Traff ic Control system
ln L967. Paral lel work on l tnk channell ing for the Linesman Systen
began wlth a Mlnistry sponsored study in 1962, fol lowed by development
and insta l la t ion over  the per iod 1963-68.  Consul taney work ln  th is
f ie ld  cont inued unt l l  1973.

6.5 VI IF,  UHF and Tropospher ic  Scat ter  Propagat lon

The regular lonospherlc predictLons which had been made by the
propagat lon exper ts  for  the users of  h . f .  serv iees ln  t ine of  war
continued throughout the peacetLme years from 1945 onwards. The
Propagation Group also gave support to cornmunication and radar
engineers in  wave propagat ion mat ters at  a l l  f requencies f rom l0 l<Hz to
50 GHz, lncluding the performance of sl te surveys and experimental
measurements. I t  had become the recognlsed ItK source of information on
propagat ion ef fects  ln  a l l  the radlo cornmunlcat ion bands,  lnc luding the
ef fects  of  obstac les such as bui ld ing and h l l ls  on the re l lab l l l ty  of
t ransmiss lon of  a  s lgnal  -  much of  the theoret lca l  work on the subject ,
being carr ied out by I ' l i l l ington. I t  was not therefore surprising that
when the independent television \ras launched in the IJK in 1955, advice
on site selection and on the coverage l lkely to be obtalned from
lndivldual stat ions was sought from thls group. A contract was placed
on the laboratorl-es by the Independent Televlslon Authority to cover
both predic tLon of  per formance,  usLng deta i led ln format ion regard ing
the topography of the area concerned and denslty of populat ion, and
measurement  of  f ie ld  s t rength achieved in  pract lce.  The corre lat , lon
between the predicted and measured performances was so close that for
the later stat lons measurement was not usually regarded as necessary.

In the same period lnterest grew ln cornmunicatlon beyond the
horizon at frequencies above 30 Mlz by various forms of scatter mode
propagatlon, a phenomenon for which MarconL and the early radar users
had found evidence. G.A. Isted made measurements of signals caused by
scattering Ln the E-layer of the lonosphere 85 to 100 kxn above the
earth, the LonLsation for the background slgnal belng due to solar
radiat lon, and strong bursts of slgnal betng scattered from meteor
traLls. A test clrcuit  was set up between Glbraltar and East
HannLngfleld, and as a result of thls work an operatLonal
two-way ltnk uslng a high porrer 4A Wz transmltter wlth curtaln
broadside antenna arrays rtas lnstalled for I'{OD between Ventnor and
I'Ialta by the Communicat lons DlvisLon of the Company .

A more proLlf lc source of busl-ness was the lnvestigatlon of
scatterlng from the tropospherer up to about 5 kD helght, at hlgher
f requencies.  This  began as propagat lon exper iments ln  the n id l950rs
on a test l tnk between Bromley, Essex and Grantham. A further
experiment ln 1955 utlLlsed the htgh power 1300 MHz radar transmLtter
at Chelmsford to measure signals at every 160 kn range from Grantham to
Aberdeen. The results of the propagation measurements led in L957 to
sett lng up a demonstrat ion l ink between Start Point Ln Devon and the

_25-
1986 GEC Research Linited



old racecourse at  Gal leyrood,  us ing a 10 kW CW transmlt ter  produced by
the Communication Divislon and t0 n parabolie antenna made at
Newcastle. Ttre l lnk on 858 MIlz was run dai ly by D.A. Paynter for more
than a year ,  carry lng 24 h igh qual i ty  te lephone channels,  as wel l  as
te legraphy,  and f ina l l -y  some rather  sub-standard te lev is lon p lc tures.
As a resul t  o f  these demonstratLons t ropospher lc  scat ter  systems became
an establ ished product l lne, providlng cornmerclal telephone l lnks of
severa l  hundred k l lometres over  sea and deser t ,  for  ls land chalns,  o i l
r igs and defence networks.

6.6 Radio Gr idance for  Blue Streak

In 1956 Eastwood was approached by the Mtnlstry of Defence about a
radlo guidance system for the Blue Streak l-nter-contlnental mlssl le,
whlch was at  that  t lne one of  the e lements ln  the U.K. ts  defence
strategy. He assenbled a team of senlor englneers and was awarded a
contract for deslgn and developrnent. Trials of the system were to be
carrLed out ln Essex and a 360 ft .  mast from the warttme CH Statlon at
Canewdon was transferred to Baddow to form a platforn for mlssl le
control experiments. The team of about 100 engl-neers rras well  advanced
in the system deslgn, lncluding mLcrowave components to be mounted in
the n iss i le  for  recept lon of  guidance s ignals ,  when the Min is t ry
decided to abandon radio guidance ln favour of lnert lal  guidance, the
technology of which had advanced rapidly in the perlod concerned. The
Canewdon mast was not therefore put into use for l ts lntended purpose
but has been applted for many other projects since. I t  nas for some
tLme the recelvlng end of a microwave l lnk brlnging l lve radar signals
f rom the Bushy l l i l l  Site to the Laboratorl .es and has on a number of
occasions served as one end of an antenna polar dlagran measurenent
s l t e .

6.7 Integratlon of Broomfield Radar Tearn lnto Baddow

The major expansion in act lvl t ies whlch had taken place ln the
1950's  caused considerable pressure for  space wl th ln the 1939 bui ld ing
and the varl .ous hutroents around i t .  In 1958 a new 2-storey bul lding,
approxlmately doubllng the f loor space of the orlginal one was
conpleted and the opportunity was taken to transfer a group of
engineers from Broornfleld (Chehnsford) to Baddow. IhLs team had been
lnvolved in develop'ment of a range of radar equlpments, a number of
whlch had been sold to NAT0 countr ies, and i ts members were integrated
with those at Baddow who were engaged on slnllar tasks for the I'l inlstry
of Defence and the Swedish Alr Board and on private venture research
and development work. This meant that Eastwood had at hls dlsposal a
conslderable technlcal force, probably unrlvaLled Ln the ItK in terms of
l ts breadth of experlence and capabll l ty. Ttr ls, added to his olrn
personal rePutation, ensured that the Laboratories nere often
approached when new natlonal projects, demandlng outstandtng technlcal
capabll l t ies, I tere belng considered. However, the sudden loss of the
Blue Streak cornmLtment left a substanttal nr-unber of engLneers avallable
for other work, most of whlch had ln the short term to be
conpany-sponsored .
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6.8 A New Generation of 600 tfr lz Radar

The opportunity rtas taken to reexamLne the requirements of the alr
t ra f f ic  market  for  radar .  The Companyfs 5232 radar ,  developed in  the
ear ly  1950's  and operat lng ln  the 600 t ' IHz f requency band,  had proved to
be very successfu l  for  c iv i l  a i r  t ra f f lc  contro l ,  prLmar l ly  because of
I ts  f reedom f rom weather  c lu t ter  and i ts  good MTI per formance
(resoLution of moving from f lxed targets). Developnnents in high power
travel l lng wave tube arnpl l f lers gave promlse of even better MTI
performance and Ln assocl.at lon wlth English Electr ic Valve Conpany, who
designed a t .w. t .  for  the purpose,  s tudies of  a  new systen at  600 MI lz
were undertaken. A new antenna wlth a l lnear sLotted waveguide feed and
slngle curvature rodded ref lector was also deslgned and feaslbi l i ty of
the total system rapldly demonstrated. Further developnent was
undertaken withln the same teams and the equlpnent was sold
successful ly as the 5264 radar to many clvl l  traff ic authorit les across
the world. By the advent of thls part lcular equip'nent research on delay
l lnes for l f I I  purposes had moved from the l tqutd to the soltd state as
previously descrlbed. The research carr led out lnto the launching of
u l t rasonLc energy Lnto such l lnes was a lso dest ined to be used
subsequent ly  ln  other  appl icat lons of  quar tz ,  such as sur face wave
f l l ters  and f requency d ispers ive delay l lnes for  pulse compresslon
radar  systems.

Dig i ta l  Technlques

Some of the engineers released from the Blue Streak progranme were
also made avaLlable to work on the Fur ILat progranme where they
developed display and data handltng processes extensl.vely based on
dig i ta l  technlques.  ( I t  was the proposal  to  use d lg i ta l  technlques
which had contrlbuted to the award of the Fur Hat contract to the
Marconl Company rather than to Decca, who had offered equipnent based
on rnore conventlonal analogue technlques.)

6.9 Radar Ornl tho logy

I{ht le thls practical systems work was ln progress Eastwood and a
ntrmber of dedicated col leagues hrere maklng a systematlc study of the
causes underlylng the clutter effects which had charact,erised radar
from lts earl iest usage. Some of these such as the ref lect ions from
large statLonary objects  €.8r ,  h l l1s or  bul ld lng nere easl ly
ldenttf ied, but the orlgln of the phenomenon known as "angels" ,  whereby
a dtsplay could be substantlaLLy eovered by very large numbers of
apparently stat lonary or slow movlng targets, was less clear. In one
forrnatl.on known as "rlng angels" the targets would emanate from a
particular polnt on the dtsplay and move radlally outwards from lt to
forrn a rlng, wlth further rlngs belng generated fron the same centre at
lntervals of about 15 nlnutes. It ltas not unconmon to observe several
of these r lngs arranged coneentr lcal ly, wlth each expanding outwards at
the same veloclty, but the effect was usually conflned to e few f lxed
sltes ln the area covered by the radar and a perlod of an hour or so
after dawn. The orlgln of the expanding r lngs could be deternined
precisely from the radar dlsplay and by vlsl t lng the relevant spot at
the approprlate tftne the research team was able to correlate the
formatlon of the r lngs precisely wlth the departure of f locks of
starl lngs from thelr roostlng slte at dawn. l tre relat lvely slow
movement of dense echoes on the display were also eorrelated wlth the
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known mlgrat lon routes of  b i rds and a l ine of  echoes generated f romobjects  a n i le  or  two of f  the coast  l lne r t - r , r tn t  \ {as at t r lbuted toswl f ts  feeding on a l rborne lnsects.  r t  became c lear  that  the najor i tyof  "angels"  seen on radar  d lsp lays were lndeed b i rds f ly lng s lngly  orin  smal1 groups,  and the resul ts  of  the very ef fect lve programme ofresearch l rere co l la ted by Eastwood in  hts  b lok "Radar ornr inorogy, , .

one other  prominent  ef fect  observed dur lng th is  research act tv i tywas the appearance of a band of nol.se on the r"d.t display ln thedi rect lon of  the sunr  as the la t ter  crossed the horLzon at  dawn anddusk' This was by no means the f lrst t fune that nolse emanating fron thesun had been seen on a radar  d lsp lay but  i t  d id  read to a real isat lonthat  radio noLse f rom ste l lar  
"orr r " " "  

could be used to determine,  or  atleast  to  ver i fy ,  the polar  d lagran at t r lbutable to  the radar  antenna.The technlque ls not l lkely to be used for checklng horLzontal polardlagrarns because tt  ls relattvely easy to measure the slgnal recelvedfrom a ground based source by th; antenna as i t  rotates, but i t  wasused ln a number of lnstances for checking vert lcal polar dlagramswhere the only other li lay of maktng on-slte checks would have been tolnsta l l  a  radiat ing source in  an at rcraf t  or  bal loon.

6,  l0  antenna Research Ear l I {ork on Electr lcal  Bean Scannl

-28_
1986 GEC Research Linl ted

such on-sLte checks were often the culmlnatlon of a research anddevelopment exerclse on an entlrely new form of antenna. Thelaborator les had been gradual ly  uui ta ing up exper t lse ln  antenna designfrom the la te l940ts th"n J .F.  Ramsay publ lshei  the serLes of  ar t lc leson Fourier Transforms mentloned eart iei .  Apari from the generalobject ive of  produclng cheaper and more ef fect lve deslgns forcormtunlcation and radar systems there were two central themes for theantenna work 
?ver the period. The f irst was to produce systems wlth aswlde a bandwidth as posslb le ln  order  to  prov ide users wl th thefac l l i ty  of  changlng channels as requi red in  order  to  get  bet terper fonnance or ,  less construct lve ly ,  to  enable jamners to  ln ter ferewl th a wlder  range of  users! .  Tt re second *" r - t "  prov lde means wherebya radlat lng bearn could be moved in space without the necesslty formovlng the whole antenna st ructure 1.€.  scanned e lect ronica l ly .  I , iuchof the work ln these areas was carr led out ln associat ion wlth lr t i .nistryof Defence research establ lshments; RAE f or airborne and ASI,IE forshLpborne appl lcat ions.

Amongst the most lmportant of the broadband antenna studies wasthat  or lg lnal ly  led by M.F.  Radford on log-per lodic  arrays 1.€.  aplanar  s t ructure of  d ipolesr  or  s lml lar  radiators,  o f  length andseparatlon increaslng logarlthntcal ly from one end to the other. Manyverstons of the antennar €lt  frequen"i"" ranglng from the h.f.  band intothe mlcrowave reglon of the 
"p""tr,rr 

nere desilned and used by Marconicornpanles and by other compantes under licencef granted in connectlonwl th one of  Radfordrs patents.

Two teehnLques for electronlcally scannlng a radar beam werelnvestlgated, the antenna ln each case conslst lng of a number ofdiscrete elements. The cornblned beam frorn the elements radiated ln adirect lon determlned by the phase s"p"r.t ton between thern. Ttrus tf  thephase separatlon was a multr i le of 2n the separate elements wourd addconstruct lve ly  ln  a d l rect lon perpendicular  io  the array,  g lv ing a beamln that dlrect l 'on. For any other phase separatlon, the beam wourd
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emerge at a dif ferent, angle. In one technique the phase between the
elements was changed by lnser t ing ferr l te  e lements to  whlch a
contro l led magnet ic  f te ld  could be appl l -ed.  In  the other ,  a  re lat ive ly
long waveguide path was lntroduced between the elements either as a
zLgzag ln  normal  rectangular  waveguides,  or  as a hel ica l ly  wound guide
wi th radiat ing e lements tapped of f  a t  each turn.  The ef fect  o f
changing the radio frequency ln such a system is to cause the phase at
the successLve elements to change (by an anount depending on the length
of path between then). Ttrus the output bearn moves ln space as the
frequency of  the system changes.  ( I t  ls  in terest lng to note that  ln
the  1940 's  C .D.  Co lches te r  and  C.S .  Cockere l l  had  f l l ed  a  pa ten t
descrlbing a systen ln which the frequency of a radar slgnal rras varied
during the pulse duration, achlevlng thereby a wlthln-pulse beam
scan .  )

Work on both types of antenna (phase scannlng and frequency
scannlng) was supported by the Adnlralty Surface Weapons Establ ishnent,
wlth the Marconi Laboratorles concentrat lng on frequency scanning, but
having a peripheral lnterest ln phase scannJ.ng because of i ts work on
ferr i te  mater ia ls .  However,  neLther  system was developed for
operational use at that stage; phase scanning proved to be too
expensive because of  the need for  many ferr l te  e lements,  each of  whlch
had to be reproducibLe ln magnetlc perfornance and htas therefore costly
to manufacture; frequency scanning arrays were also expensive to make
and had the disadvanLage that, slnce frequency change rdas the means of
moving the beam, i t  could not also be used as a way of avolding
jarnmlng. Ttrus although the work at that t lne demonstrated successful ly
the pr lnc ip les of  beam scanning by e lect r lca l  means,  i t  was some years
before the technology of component manufacture had advanced
suf f ic ient ly  to  make i t  poss ib le to  design systems which could be
manufactured at  an acceptable cost .

A lso  ln  the  la te  1950 's  Ln te res t  g rew in  the  poss lb i l i t y  o f
deslgning a slngle antenna which could receLve beams from dif ferent
dlrect ions sl-nultaneously. One appllcation could be a helght f indlng
antenna by whlch the angle of elevation of a target could be determined
f rom the part lcul-ar bearo ln which tt  rras detected, or more precisely,
by comparLng the arnpl l tudes of slgnals receLved from the same target in
two overlapping beans. Another whlch was recelvlng uuch attention from
desLgners on both sides of the Atlantlc was the lsolat ion and possible
tracklng of lndivldual targets ln a mult iple attack, such as nlght come
from lnter-continental mlssl les wlth fragmenting warheads. To achleve
the required resolut lon of targets, large antennas were necessary and
studl.es ltere carrLed out on technlques for produclng spherically
syuunetr lcal structures of dlaneter up to 80 ft .  from materlals Ln whlch
the dielectr ic constant could be adJusted Ln order to glve lens l lke
propert ies. Mult lple feeds distr lbuted on one stde of such structures
(Luneberg lenses) would produce the desired nult iple beams on the
other. The requlred lens characterlst ic had been achleved Ln the USA
on relat ively small  structures by naklng a sphere as a series of
concentr lc  shel ls ,  each belng of  a  mater ia l  o f  a  d l f ferent  d le lect r ic
constant from the others. In an ingenlous vari .ant studled by
E.F. Goodenough the variat ion of dielectr ic constant was achleved by
disposlng table tennis  bal ls  at  an appropr la te densi ty  ln  a d le lect r ic
foam. Had thls system been put lnto operational use l t  would have had
a najor affect on the turnover of the "ping-pong" bal l  lndustry!
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As par t  o f  the  same lnves t iga t ion  the  Min is t ry  o f  Defence
ent rus ted  the  Labora tor ies  w i th  the  task  o f  deve lop ing  a  nodu la to r  fo r
a very high power radar t ransmit ter  which night be used in such a
s y s t e m .

6 . l l  l l i gh  Power  Radar  Transn i t te rs

The transmit ter  was intended to produce an output pulse wi th a
peak power of  100 megawatts,  near ly 2 orders of  magnltude greater than
tha t  genera ted  by  most  h igh  power  radar  t ransmi t te rs  o f  the  per iod .  In
order to achieve the equlvalent of  an even higher peak power l t  was
planned that pulse compressLon technlques would be used to reduce the
effect ive pulse length in the rat lo l  to 20. Thus the system would
have an ef fect ive peak power of  2000 megawatts!  The output valve,  a
klystron operat ing ln the 400 MHz frequency band, was being speclal ly
deve loped by  the  Serv ices  E lec t ron ics  Research  L ,abora tory r  Ba ldock .
Ex t remely  h lgh  vo l tages  (about  500 k i lovo l ts )  had to  be  app l ted  to  the
valve dur ing the pulse per lod and there was consequent ly a high X-ray
f lux in the system. The rnodulator was therefore enclosed ln a
lead- l ined  p i t  w i th  a l l  the  cont ro ls  ou ts ide  the  danger  a rea .  The very
formldable problerns involved in th is unlque act iv i ty were wel l  on the
way to  be ing  overcome,  L .e .  the  modu la to r  was  opera t lona l  and the
k lys t ron  osc l l la t lng  a t  about  two th l rds  o f  the  peak  power  o f
100 kL lowat ts ,  when the  dec is ion  no t  to  p roceed fu r ther  r r i th  the  sys tem
was taken by the customer.  Whi le t t  had not resul ted ln an operat ional
requlrement,  the work had demonstrated that the Laborator ies had an
unr ival led team in high power modulator and antenna work.  The decis ion
not  to  exp lo l t  t t  fu l l y  was  one o f  de fence s t ra tegy ,  no t  a  consequence
of  techn ica l  shor tcomings .

6 , 1 2  S a t e l l i t e s

One of  the most  inpor tant  advances of  the 1950fs not  prevLously
mentLoned was the launch of  ar t i f lc ia l  sate l l l tes,  beginnlng ln  1958
wl th the f i rs t  Sputn lk .  Because of  l ts  potent la l  importance for  long
range comnunication, interest ln thts work Ln the Mareonl Laboratories
was conslderable and very early measurements were made on Doppler
shi f ts  associated wl th sate l l l te  movement ,  us ing technLques developed
by L,ea and his col leagues for frequency control and measurement. By
1959 studies on potent la l  uses of  sate l l l tes were ln  progress ln
several parts of the laboratdrles, one of the earl iest belng carr ied
out Ln associat lon wlth the Roya1 Alrcraft Establtstment and the Royal
Society  on a sc ient l f ic  sate l l i te ,  to  be equlpped wl th a large
telescope and al lgned by televf.sLon. Other systen studles fol lowed,
coverlng communicat ions equiprnent and antennae f or def ence llnks ,
navlgatl-on, satel l l te to ship and satel l l te to aircraft cornmunication.
In order to make best use of the lfunlted power avallable from the
satel l l te, both analogue and dlgital nethods were studied, much of the
work belng carrled out under study contracts placed by the European
Space Agency.
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