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1 Introduotion

In a previous tochnical notc,,1 o systom of intormittont beam riding
mide-courso guidonce was suggested for a long range ground to air weapon,
This notoc is intended to provide an interim report on the dovelopment of
this systom at tho R.,A.E,, and to outlinu tho scops of tha investigetion
ot presont projeotod, Furthor comnents arc included on thu countermeasure
problem and tho linoes of future developments,

1,1  Qutlino of Bystcm

The systcm is based upon the use of a rotating radio beacon vhich
specifins o bearing along which the missilc or missiles nust fly, This
direction is called the datum line, Tho missile climbs to o ccrtain height,
aftor launoh, .acnording to a pro-arranged programns and cqualisos its
hedght with that of the target on receipt of furthor information,

The datwn line may contimuously trock the target in aziruth or may,
initially, be dircoted at somu future target position, A singlc boacon
ocan be mado capable of specifying 250 datun linecs, at least, corrusponding
to 250 targots at a donsity of ebout 100 datum lineus por degreo,

In addition to spooifying the linc ulong vhich the missile must fly,
information is algso transmitted by ths boacon vhich is uscd to align tho
homing head in the direction of the target,

The boncon consists of two tranmmitters with scparatc osrinl systoms,
Tho first tranomitter operutes on X band and rodintes o scrics of pulsos
at cbout 3200 p.Pes. {roem an asrinl which has a polar diapgrem which is
narrow in azimuth and roughly cosco? in clevation, The acrial rotates at
the rate of one revolution in two scconds, The sccond transmitter operates
or. 8 band and transmits a short block of coded pulses whonever the X band
transmitter aerial is pointing at a target., The coincident rccoption, by
the missile, of the X band and 8 bund signals, indicates that tho missilo
is situnted on tho sight linc borcon to torgcet., Displacement in timo of
the 8 band signai with rceopeot to the contre of tho X band signul indicates
to the missile its anguw)or displocement from the datum linc os soen from
the bencon,

The block of S band coded pulscs consistz of 3 one microsccond pulecs
n: . 5 half microsccond pulses, The orw microsccond pulscs carry the address
code, vhich cnoblos all the missiles destined for onc target to colect tho
tranmnicsion relating to their own group., The half microsccond pulscs carry
information on target hcight and on ihc angulnr position of the datum linc
in rclation to its previous position, Pulse position modulation is used,
The coded pulse block which rclatos to onc target occupies 4O microscconds,

More dctailcd information on the operation of the system is contained
i1 Ref, 1, end further details of the cquipment to be used in the experinental
teste arc given loter in this notc,

1.2 Purpose of the cxperimonts

The experiments ere designed to deturmine vhether

(1) Datun 1inss can bo speeificd, rrvlinting from a beeeon to an
accuraocy of one or two mile,

(2) The dicplacement of thu ruceiviny cquipment from the datws
line can be measured accuratcly for both amall and large displicemcnts,
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(3) Datum lines can be moved in a manner similar *o that expected if
they were continuously directed at a target airoraf't, : .

It is intended to investigate these points by equipping an aircraft
with receiving and recording apparatus and flying this airoraft along
approximately radial lines from the beacon, In the first and second perts
of the experiments the true airoraft position will be recorded by the use of
an air survey technique while recordings are made of the displacements from
the datum lines obtained by the guidance system, If the results of this
part of the experiment are satisfactory, an attempt will be made to fly the
airoraft on a moving datum line to demonstrate that an interoeption course
can be flown, Illustration of this will be provided by mounting a camera in
the forward part of the airoraft, controlled in azimuth by the angular
information trensmitted by the beacon, so that the accuracy of the alignment
of the centre of search of the haming eye defined by the guidance system may
be checked, With such an errengement the actual acquisition of the target

by an A,J.equipment mounted in the guided aircraft could easily be
demonstrated,

These trials will involve fairly detailed checking of the design of
the transmitting equipment, This is thought to be necessary, particularly
with regard to the X band aerial characteristics, The specification of this
aerial is unusual in that a high degree of aymmetry is called for in the
shape of the sides of the main lobe, and although the contractor will no
doubt obtain this symmetry in the aerial as mecsured on the factory test
site, the effective polar diagram may be slightly modified by the peculiar-
ities of the site chosen for the beecon,

Apart from demonstrating in a practical manner, by the construction of
a simplified prototype beacon that a rotating beacon of this type is feasible
end that the processes of data handling, code generation and transmission are
possible, verious propagation effects which are impossible to calculate
accurately need to be investigated, As well as the site effects mentioned
sbove which can lead to inaccuracies by apparent beam distortion, the depth
and frequency of fading is important, To minimise this effect the trensmitt-
ing aerials have been specified to have a rapid fall off of signal at
elevations below 19 and provision is made for amall variations to be made in
the angle of elevation of the X band aerial, so that the proportion of signal
directed at the ground and capaeble of causing fading by reflection can be
varied,

In this comnection it should be noted that two sites will be used in
the experiments, Most of the work will be carried out from a site situated
at Ewshot, near Fearnborough, where the beacon will be effective over a south
westerly or a south easterly quadrant, which will provide informetion on the
propagation difficulties likely to be experienced over land, In the summer
of 1957, the equipment will be transferred to a coastal site on which a long
renge suveillance radar is available, which can be adapted to provide target
bearing information in the correct digitel form, to enable propagation effects
over sea to be investigated, as well as interception oourses to be flown,

2 Egquipment for Experimental Progremme

A detailed acoount of the ground and airborme equipment, which is to
be used in the experimental programme, will be given in later technical notes,
An outline description of this equipment is given below,

For the experimental trials, it has been decided that while the S band
transmitter should be cepeble of transmitting the codes for 250 targets (a
minimum capacity of 50 has been specified), the target simulator to be used
and the data handling chennels need only be capeble of handling information
on 3 targets, The reason for this is that the problems involved in making

- h -
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tho trnnamitter handle a large 5.4l 1 of chamels arc rula

vhile the quantity of equipmen: - v lved in handling infontr::éﬁi :‘:‘.il’
Jarge nubor of targets is grea‘, | cwevor, all the tosts nocessary for
examining the potential acourac :1' the system can be carried out with o
maximun of three target channel: in cperation, On completion of the
trials, however, the transmittor v..l be capable of operation with more
ocomplicated multi-channel data 'end.ing equipment, Aif 4t is oonsidered
that the development should pro:ecd further,

Ground radors such as th: 1'.:re developments of Crange Yeomon ore
unlikely to bo able to provide ‘urpt boaring information to an sccuraocy
bettor than 11 or 12 digits, T« b.scon, however, is to bo deasignod to
produce bearing information to ) digit accuracy and 4t is intended to
usc all 13 digits in obtaining ~oincidenco with target bearing, The
target simulator is designed to giv: bearing to 13 digits, tho first threc
of vhich (the most significant) arc fixed, In operating with o rednr it
is intenéed to describe target bearing to 13 digits oven though the lost
two dipits (tho least significant) -ay have no significance,

The use of 13 Adigites car « . .ctified in the cxperimentel cquipmont
on the grounds that:-

(1) The nxperimont is dsrign ¢ to show the limit of accuracy of
this method of guidanco, Using cwrrcatly availuble techniques, the
speoification of serial bearing << ""J is near the limit of tho methods
available,

(2) Tho missile navigatl nu.l. problem can be cased by minimising
additionnl errors introduccd by tho midecource guidance system and the
specifioation of bearing to this acruracy cnobles smooth extrapolation
of datum line position to he mal: L/ tween rudar plots,

(3) Target date may be derived in some weapen systems from radars
capable of providing greater occurnsy in bearing than Orange Ycaman,
Coge trooking rodars, In this case it would be desireable to moke tho
errors introdiced by the beacon as small as pocszible,

2.1 Shaft Coder

Ti..5 equipment is being made by Messrs, Hilger and Watts, Two
cquiprs. 43 will bo oonstructed, one for incorporation in the interim
X band -crial mounting and onc for the final X band acrial mounting,

It is neocssary to maintain a contimuous rccord of the bearing of
tho X band beacon nerial beam from o reference direction, and it is
depirable that this record should be to an accuracy better than 1
practical millieme, This bearing must bc presented in a binary digital form
capable of ddirect cowparison with tho digital rauber for target bearing,
It is thus nccessary to compare 13 digits, This mcans that the engular
rotation of the acrial between the digits ic 0,78 practical mils, Thus
if the acrial driving shaft rotation is described to 13 digits, the
position of this shaft can be known to 10,39 mils, This accuracy is
satisfactory provided that there is a minimum of flexibility in the shaft
connecting the actual aerial and the coding deviee,

h glass coding disc is mountcd direstly on the verticel acrial
shaft which rotates in bearing with a rcvolution period of two sceonds,
The glass, disc is inscribed with threc graduated annular tracks and a
light beam is focussed on the dizc and ircerrupted by the graduations,
A photocell is mounted below ench track,

—Su—
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The photocell under the firat track receives one pulse of light every
0,78 mils of rotation, The output of this photocell, after suitable shaping
is used to drive a scale of two counter representing bea.ring froan some fixed
reference line,

The reference line of the disc is defined by the second scale which
permits only a single pulse of light to pass through it, This pulse is used
to reset the bearing counter so that, after each revolution of the disc, the
bearing ocount will elways be correct with respect to the disc reference line,

A mechanical adjustment is necessary to allow the reference direction
of the disc to be aligned with a given bearing,

A third scele on the disc is used to provide 6,400 pulses per rotation
which, after suitable shaping. are used to trigger the modulator of the
X band transmitter, This ensures that the X band transmitter transmits one
pulse for every precticel millieme of rotation of the aerials,

2,2 Coincidence detection and data handling

The whole of this equipment, including the target simulator, is being
oonstructed by Messrs, Ericssons, The equipment compares each target bearing
with the beacon bearing, snd determines the change in the angular bearing of
the target from the bearing in the previous scan, Each coincidence of target
and beacon bearing results in the generation cf a channel trigger pulse
which releases data relevent to the partioular target, to a digital store
system so0 arranged that the data is ready for translation to the transmitted
code, Target height is included and will be coded and transmitted in order
to camplete the transmission, It will be preset in the experiment, hcwever,
and will be received and recorded but not decoded, It is ultimately intended
that azimuth coincidence of targets will result in target data being trans-
mitted in range priority, velocity priority or a combination of the two, but
in this equipment, the order of- trahsmissicn is decided in en arbitrary
manner,

For convenience, in the experimental trials period, a target simulator
will be provided, capesble of providing simple tracks on up to three targets,

The items to be constructed comprise:-

(1) A comparator and difference unit,

(2) A store, code converter and switch unit,

(3) A target course simulator,

The comparator and difference unit aocepts ezimuth information from
the beacon coder unit and each target track of the target oourse simulator.
It provides an ocutput at each coincidence of beacon and target bearing,

This unit is also reqﬁired to provide at each coincidence between

beacon and target azimuth, in each channel, the ochange in target bearing
sinoe the last coinoidence was established,

The coincidence pulse obtained from this unit is used to transfer the
difference angle data to the output register, and to trigger the address
code generator and oode converter at the oorrect times, The data is handled
in such a manner, that there is no possibility of a coincidence being missed
or of a false coinoidence being generated,.
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The code converter and 14. (1 nit converts the target dato from
binary form, roprescnting hofyr: (- | bearing difference englc, into a
form that may be used to estatl.st . pulso position code, Threc oeparote
channols are to be provided ¢« 1! :/ for threo indepondont targot tracks,
The output signals from thuse ti-«:  cparate channols ars to bo canbined
in time soquenco on a cammon t:: « [ utput lecads,

A sot of leads arc proviis! () the bearing difforence data ond
anothor set for height data.,  f1:1 »itput is sllocatecd a differont
quantum lovel in ths data to 1 :1'3 :mittod and the correct lcad in
soquonocd and pulsed, The outpia: =)l indicates bearing difforonce in
31 quantum lovols (+15 to =15) 1« o« ight in 63 quuntun lovels, cach
quantum representing a 1000 £1 131 zone, A 32nd quantum lovel in
angle ond o 64th quantum love. i -: pht arc availsblo for transmission
monitoring purponea, ’

The tergot simulator tad¢: r. place of ths radar and outo trucking
unit, prescnting toarget boariis it to tho comparator and hoight data to
the cods translutor, Only siy(l: ti-get coursos arc required, Target
boaring is spcoificd in binam 1ipit.l form to 13 Adgits, Tho first 2
dgits will bo presct into the z2t1't1.tor restricting the scrtor of
operation to 45°, Tho oourse: t- t: similated arcie

(1) Constant bearing cct:. . = all threc trocks,

(2) Courscs having o ei1ct. 1L rate of change of boaring, oither
positive or necgative in sipn, 1-¢ 11:¢c of chonge being controllcd by
morual preset hotwoon limits 1 ' jianta/sccond for 2 trocks, tho third
track bedng fixed,

2,3 Cude Translator

This unit han been desi 2.4 1t R,ALE, and is under construction,
It will oconvert the data producd ty the code convertor of the Fricsson
oquipment, in the form of pulwc :1 sarticular lcads, to the corrcect
pulse position code for the Lynt ¢ the modulator of the 3 band trans
mitter, It will also gonerat: th. 11dress codcs nllocatcd to cach channcl,

The gencration of the picao (oles 48 controlled by o 2 me/sce
cry:tul oscillator followed b ¢ st vhich admits, to the translator
circ:it, a train of 80 pulses voc time a colncidence is cstablished,

By t:i.. usc of a series of binu+y ::viders and o diode network, keying
pulacs arc appliecd sequentiall;s t: 23 pate circuits, Two of those gotesn
arc opencd by each line markel ty <he codo converter so that for the
address, angle and height codiss oo ~ot1l of 6 gates arc opened, In
oddition fixed marker pulsecs x~ =imitted to coch code, The outputs of
tho gatos are combined in two gro.js., The first five pates, together
with the first marker pulse provid the first group of threc pulses
vhich are shoped to be 1 microscend long. The sccond marker pulec ond
the ocutputs of the last 23 gates we the sccond group of five pulces
vhich are shaped to be £ microzccond long, Both groups arc then combined
and fed to the modulator,

2.4 Transmittcers
The transmitters are beiay ¢oretructed by B,Tole and will he

available in the sumner of 1955, ..o improved X bhand aerisl ond trangs
mitter will be mado available 31z 1ienths Iater,

SECRET



SECRET

Teohnical Note No, GV 396

L]

The first or interim X band transmitter will use a modified marine
radar aerial producing a 1,2° beam in azimuth and horizontal polarisation,
This will ensble experiments to commence and the operation of all other
equipment to be perfected before the final X band aerial is available, It
will also enable a camparison to be made of the effects of fading with
horizontal and vertical polarisation, which will be available on the final
aerial, The final X band trensmitter will have a 0,6° beam in azimuth and
more sophisticated shaping in the vertical plane, In particuler, it will
produce a sharp cut off at elevations below 1° to minimise the intensity
of the ray directed at the earth's surface end thus, it is hoped, the
effects of fading will be reduced,

Because the aerial of the final transmitter is more than twioe the
size of the interim aerial, the marine radar drive would not be powerful
enough to rotate it, Two different mounts are therefore being built, The
tranamitters used will have the same characteristiocs in each case:=

Peak power 100 Kw, or at least more than 50 Kw,
P.R.F's 3200 pep.s.

Pulse duration # microseconds.

Aerial rotation 30 r.p.m,

The modulator, in each case, will be driven from the output of the
third track of the shaft coded disc, so that one pulse will be transmitted
every mil of aerial rotation,

The aerial structures and mounts are required to have a torsional
stiffness of better than one mil, The aerial will be equipped with a
telescope mounting for aligmment purposes,

It was originally intended that the S band transmitter would have an
azimuthal beamwidth of 40° and would be rotated in synchronism with the X band
aerial, However, it was found that to obtain the desired fall off of power
at low elevations to minimise fading, it was necessary to construct an
aerial 17 feet high. Although this aerial could have beer rotated at the
desired rate, it was decided that since the operation of thé¢ system was not
dependent upon this feature, it would be abandoned in the experimental
equipment and made semi-fixed, The main advantage of rotating the S band
aserial would be that a polar diasgram narrower in azimuth could be used, with
a correspondingly inoreased field strength at the receivér, and consequently
a slightly better resistance . to jamming signals,

The S band aerial under construction is 17 ft high and 3} ins wide
giving an 80° wide beam with a shaping in the vertical plane the same as that
for the final X band aerial, Polarisation will be vertical, The aerial will
be ocapable of rotation by hand so that the sector of operation can be changed
but normally it will remain fixed in one position, the wide angle coverage
in azimuth allowing suffioient latitude for the trials,

The transmitter will be capable of providing a signal of 5-10 Kw peak,
driven by a hard valve modulator and will be capable of handling at least
50 consecutive coded blocks, The modulator will be fed from the code
translator,

2,5 Airborne Equipment

This equipment has been designed at R.A.E, and is under construction,
As far as possible standard equipment and techniques have been used,

The equipment consists of two separate receivers, one on X band and one
on S band, The outputs of the two receivers are oambined in the angle
measuring cirouits, The measuring cirouits are triplicated to allow simul=-
teneous reception of signals relating to all three channels,

—8&-
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Fooh roceiver is fod froi :i:: ¢ horns mountsd 4in tho tail of tho
airoraft (a Varsity). Moasurea rtr can only be made on outward radial
courses, The polar diagrams o’ +-¢ ¢ oorials is such that coverage in

clevation can be from 0° to ~2) ., 4in azimuth to £30° to half powor
pointa, '
The reccoivers are being 1 ¢ : tinable ovor o small rengs of

frequency so that adjustments : 1 :« mado to cover slow drifts in tho
froquonoics of the ground tranx itt«rs, No facilities will bo modo for
AcFoCy 4n tho oxperimontal equijn:r but the bandwidth of esmsh I.F, will
be mode approximately 10 .Vnu}:vu :¢ presorve pulse shapo and to allow for
somc dogrcoe of frequendy drif ., 4 long poriod A,G,C, system will bo
used vhich retoins tho A,G.C, ~ 1:c; 0 doveloped for 2 secoonds until the
noxt signal hos boon ocompletol - 1 ::«ived and a now A.G,C, voltogo 1o
dovoloped,

After the reception of t.u i nals, o blanking pulsc of 1,5 scconds
duration is appliod to the recc:v:r t> prevent the reception cf unwanted
signals, In an operational cquipizr t this blanking pulso would Le oxtonded
to about 1,9 soconds to providc »:ttsr protection, This is not posgsiblo
in the exporimontal cquipmont beowies of the provision made for throo
channel reocption through onc re: i1 :r, sincu tho 8 band tranmnissions
oon be widely soparated in tirc,

The 1 miorosecond pulses fr i tic address ¢odo of the rccoived S bond
message aro passed to a doiay 1i4: vith taps every microsocond, The taps
on tho lino are ocommectod to thiee "ind" gates, corresponding to caoh
channcl, in such a woy that thres tops arc comwooted to oach "and" gato,
The correot spocing of the address code pulscs causes a pulse to bo
cbtained from the appropriate "oan'"' zate which gencrates tho corrcot
vaveforms for the display unite 1.4 :riggers tho angle counters corrose
ponding to that channol,

Initially, it is not intcr.l.4 > decode the angle and huight codes
but only to displey tho rcceived cod:s on o cathodo ray tube and to rcoord
them photographically, At a let:r stage, decoding cquipmeont for at loast
the angle code for ono ohanncl will “»e¢ introduccd,

Channel trigged pulses, dcrivel from the 3 band signal, arc fed from
the roecoiver "and" gates montioned above to oach angles counter, 7The
drwdulated X band pulse train, suitably amplitude limited, is fed to all
tl: angle caunters in parallol, through an p.r.f, sclector,

For cach channel there ic bcth a fine angular error counter and a
coarse angular error counter, Thc i counter is uscd when the 3 band
pulse for that channol is reccived at the same time as the X band pulce
cnvelope is boing received, and thc coarse counter is uscd when the 3 band
pulse falls outside these limits,

2,51 Yinc angular crror doter:dnation

The problem of finding the rclative position of the L band rcccived
signal to the S bond signal vhen the ongular crror is small (4,c, the
navigation crror) invulves the addition and subtraction of reccived X band
pulses sbove a threshold level and the display of the result in a suitablo
form, Initially, therc is nc intention of navigating the aircraft accur-
ately from the error signals, and so the conversion of these results to o
suitable annlogue form docs not arisc until attempts are made to fly
interoception courses, A display is nccessary for recording and as o
pilot indicator, The display for rccording will depend upon the photo=
graphy of dekatron countcrs while the pilot indicator will coneist of
indicator bulbs showing vhen the aircraft is not within the limits of tho
fine angular countcr and the scnsc of the crror,

O e
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A cirouit to snrry ou’ this addition and subtraction has boon &vip:d
using a reversiblo dekatron countor consisting of two scunlos of ton,
Provision is made for adding or subtructing up to £0 pulses, This is to
allow tho counting systom to cater for a polar diagram of greotor width thon
optimum and to ullow for the inatility of tho A,C.C. circuits to corrcot
for changes in signal lovel over the 2 scoond puriod, Rapid changos in
signal strongth oould result in the lovoel of acouptance in the X band
recodiver limitor varying Cram butween 3 db bolow the peok of the signal to
about 15 db bolow the pook and tho consoquunt admission to the counter
oircuits of a longur block of pulscs,

2,52 Coarse anpular orror determination

This unit measurcs the time t'ran the rvcoption of the 8 band pulse
to the centre of tho X band pulse train or vice versa whon the 8 bond pulsc
falls outeido tho 1limits of the X band pulec tredn, The unit moasurus tho
value of this error up to *320 mils and displays tho result es a ocount on
three dekatrons together with o neon indicotor to chovw the conse of tho
cerror, It should to noted that since this angular crror is obtaincd by
timing the rccoption of tho two signals it is dcpendont upon tho beaoon
ocrial rototing at o constant rate and any variation in rotational rato in
reflected ao an error in this angular meanurcmont, Tho limit of varintion
of beacon rotational rate 48 54 and an error of this magnitude is of no
consequense in the course angular mcacurcmont,

This is not triuc of tho finn angular moasurvment as in this caso tho
cccuracy ig indopondent of boocon rotational spoed, provided that tho
DPeTols, vhich is controlled by this rotutional specd, i within the limits
of the recclver p.r.f, sclcctor,

3 Technique of experimonts

It has boon cotimated that the guidwncce systun proposcd should cnoble
a rvceiver in an airoraft to cstimoto its position from o givon tronomittoed
dotun line to i accuracy of betwecon 1 and 2 mils pouk neglecting crrors duo
to sitc and propogation effeots which ore impossible to forccost, If it 4o
assuncd that the measurement will be acournte to 1 mil, this corresponls to
an acouracy of 50 ft in plan position at 10 miles fram the beoacon to 500 £t
ot a range of 100 milos., To examine thesc crrors properly, o method of
reagursment of airoroft position is required which gives an accurocy opprox-
imatcly on order of magnitude botter at the more important renges i.c, chout
100 milen 1-.ryro,

Thor: wre two rcadily available mothods by which aircroft position coan
be measured to an ascuracy of A0 £t in plan, The first method involves tho
usc of o tracking auto-follow rodor sited at a surveycd point on the ground,
100 mdles from the beacon, This method vas discarded as it suffers from
scveral obvious limitotions:-

(1) At the height at which the aireruft will be flying i,¢, cbout
10,000 ft, ourrently available auto-follow raderg would only bo nble to
provide meagurcments to the requircd acouracy when the aireraft was withir
ebout. 5 miles, To cover the whole of the radial flipght of the ajrcraft
many radar sites vould be required,

(2) The establishment and maintcrance of any radar cites for this
purpozc vould be expensive in manpowcr and cquipment,

(2) Presenting the results of the radar tracks in the desired form
would be tedious and difficult,

()+) Co-ordination of reccording would be required at heacon, circraft

und radnr sitco,
- 10 —-

SECRET



SECRET.

Technical Note No, GV 396

(5) The arcu of opuration would be 1limited by the availability of
rilar sites, This would mako the investigation of beacon site effocts
very diffiocult,

The one advantage that this method might have is the rolative
froedon from weather resirictions,

The preferred alternative mothod involves the usc of air survey
tochniques,

In this method tho airoraft position is moasurod by inspeetion of a
scries of asrial photographs teken from the airoraft of tho torrain ovor
vhioh it is flyinp, To obtain the position of the aircraft vhen tho
photograph was takon, requires tho usec of a technique vhich 4is the
revorso of that usod to obtain maps from acrinl photogrephs, It is
olaimod that in this woy, tho position of the uircruft, in plan, can he
obtaincd to an accurncy of better than 50 ft (pea: crror) without ary

spceial precoutions, such as tho ;:mf of a strbiliscd camorn mounting,
The limit of peak error nan bs L% Lt oladroonlt |

Arrongoments arc boing mado to fit a standard air survey camwre in
the Varsity to bu used in tho trials ond a sorics of ovourlepping photow
gruophs will be tnker. in {1light at tha rato of 1 per mile (for an aircruft
flying at about 10,000 ft), Provided thc aircraf't is flying cver terrnin
with distinctive markings, the duoveloped photographs can be projected by
a pair of projectors, and the positions of the projcctors adjusted vo
that oxact coincidence is obtained on the portions of tho pictures vhich
overlap, If the projcotor of the first imoge is adjusted to obtedn exnct
coincidence of the image with an ordnanns map of the arca, tho positions
of the projcctors will heor the same rclationship to the projected plcturc,
as the airoraft hors to the ground when tho picturc was taken, By mcasuring
the plurb point of the projector and rcforring to ordnance maps, the
position of the aircraft at tho instant at which the photograph was taken
can be destormined accuratoly, and o gruph can be drovn depieting the
deviation of the aireraft from arny refercnce line egainst tine,

The Varaity will be operuted at its normal cruising spcod of
270 ft/sce and one photograph will be taken cvery 22 scconds i,¢, 4pprox,
1 por mile, The reference lines to be chosen will be radial lincs from
the berson and the results ufter analysis will depict angular devintion
of the ircraft, as ocen from the beacon, in mils, ngainst time, This
will b comparcd with the records obtaincd from the apparatuc recording
the outputs of the guidance cquipment,

The "reverse" air survey technique is completecly developed and o
contract is boing placed with the Air Survey Co, of White Walthom to
carry out the plotting of aireraft position in the mammer deseribed cnd
to providec various auxiliary scrvices in conncction with this part of the
exmeriment,

The method has rumerous advantagecs such as allowing complete frocdom
of operation of the aireraft but it suffcers from two important and obvious
disadvantages, Firstly, the method is uacless over sca, and sccondly,
good vigibility is required to obtain good acrial photogrophs,

It is intended, thercfore, thit oll mensurcments connceted with the
accuracy of navigation will be conducted with the aireraft over land,
cxcept for the final interception trinl, The visibility restriction
vwill limit experimental work to days when the cloud below 12,500 ft does
not exceed 4th and the surfacc visibility is about 10 milcs, It is likely
that on o fev doys cach month the conditions will bo satisfactory.
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3.1 Recording equipment

It is convenient at this stage to swmarise the items which will be

recorded in the trials, In the aircraft, there will be three cameras, These
will be;-

(1) The air survey camera recording at 1 frame every 22 secs,
(a) Ground position,

(b) A seris) mwber for this photograph,

This camera also géneratgs & pulse which

(e) Moves on one place, number counters in the other two aireraft
cameras,

(b) Generates a 1000 copes, tone pulse which is transmitted over
the VOHQF.

(2) The counter recording camera recording at 1 frame every 2 seconds,

(a) Three dekatrons registering coarse angular error on three
channels, Total 9 dekatrons,

(b) Two dekatrons registering fine angular error on three
channels, Total 6 dekatrons,

- (8) 'Two dekatrons operating from 10 c.p.S. generator giving the time

£ilm,

elapsed since the last air survey photograph was token,
Total 2 dekatrons,

(d) A mmber counter showing the serial mimber of the last air survey
photograph,

(¢) Six neons showing the sense of the error of each coarse angular
oount,

(3) The osocilloscope recording cameras recording on contimiously moving

(8) A trace of each received angle and height code, the trace for each
channel occupying a different lateral position on the tube face,

(b) The level of A,G.C. voltage on the X ana S band receivers,
displayed by displacing the spot on the cathode rey tube in the
intervals between the display of (a),

(e) A mmber of counters, illuminated by a flash tube, showing the
serial number of the last air survey photograph,

On the ground, recordings are made on the bescon, Height and bearing

of one datum line are fixed for each run and are set by keys, Two datum lines
are moving, Recording is made on a 22 pen recorder, recording on Teledeltos

paper,

The following items are reocorded:=

(a) The 10 least significant digits of the bearings of the two
moving datum lines, ‘ :

(b) On the 21st pen, a mark recording the receipt of the 1000 cps
pulse ovexr the V,H,F, indicating operation of the air survey camera,

- 12 -
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{6) ©On the 22nd pon, o mark 1 > e
A N 8 madc cvery gocond, controlled
a clock pulsing unit, i ’ >

It is thus possible to rclatc any part of oy rocord with tho data
recorded at the same time on any other recording instrument and to obtain
interpolated moasuremonts with a rcasonoble degroe of 80CIT00Y,

3¢2 Experimental mothod

The aireraft will fly at 12,500 fuct for most of the ocxporimental
work, At this height the camoras available provide o negative vhich can
be easily projootud with oxisting cquipmont to £4t o standard ordnance
mop scale,

In the first exporimont, onc dotum 1lino will be trunamittcd on o
conveniont boaring say 8.W, from Farnborough, Tho pilot of tho airoraft
will bo asked to fly on this radial coursc as aczuratoly as possiblo
assisted by indicator 1lights oporating from the angle moasuriag circuits,
Pram the analysis of thu odr survey plots and of the dekatron photographic
records, two rocords will bo available of the angular displncomont ond
voriation of the dieplacomunt from the datwn 1inc boaring fros the beacon,
This will be repeatod on sovoral bearings,

Ths sceond step will he to fly the anircraft along o radinl coursc
nmuch as that above, now moving the othor two Aatum lines through tho
Tixed one at various rates ond with thum moving both in tho samo end in
opposite dircetions, This will cnnble u check to bo mado of the acourusocy
of the coarso crror circuits, the uccurncy of crror determination vhen
changeovor is made from finc to coarsc circuits, and the possibility of
intcrforence betwoen differont channel codes when they are transmittcd
in ropid succession, In all theso trials tho rocordings of A,C.C. lovoels
in both rocuivors will indicate the rupidity of fading end the rocords of
the angle ond hoight codes will cnable the difficultics of dccoding thosc
trains to be aspessed,

If good agrcement is found betweon truc airoraft position and the
poeition estimatod by the guidance cquipnent, the usc of adr survey
becows no longur essenticl,

In the third scrics of triaols, an attenpt will be made to navigate
t.: aireraft on a moving datun linc, the ratoe of movement being made
voapatible with alreraft speced, manoceuvring wbility and pilot rcaction
time, This will conclude the sorics of measurements carricd out with
the beacon at Farnborough,

It 13 considercd important that some trianlc should be carricd out
vhile the aireraft is flying over sen, To do this it ie proposcd to
creet the beacon at a suitable coasted site, and to carry out trinls:e

(a) To test for any sitc peculiaritics,

(b) To investigate fading over sz,

This will cleor the way for o full scale dcemonstration of the
system involving an interception, To c¢cnnble this to be done some
additionnl dcevelopmont will be rnecessary,

(1) Dccoding of anglc nceds to be campleted,

(41) A moveoble camcra mount nctunted by angle information will
have to be fitted in the airernft,
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(i1i) A suitable A,L or homing head may be fitted to the aircraft,
(iv) Equipment needs to be made available to enable target bearing
to be extracted fram a long range rader say type 80, for one target,
and fed in binary digitel form to the beacon,

This trial would demonstrate the accuracy to which the centre of scan
of the homing could be aligned on the target.

L Vulnerability to R.C.M.

In GW Tech, Note 347, it was concluded that to jam the mid-course
guidance system effectively, selective (tuned) jamming was necessary, and
that wide band noise radiated by the target was ineffective, The possibility
of using more sophistiocated jamming, aimed at braking through the code system
was mentioned. Such jamming might consist of the radiation of pulses, at
reguler times,, ’

It had been assumed that in an operational system the receiver circuits
would be designed incorporating precautions against Jjamming in the intervals

. between the reception of beacon signals, by suitable gating circuits,

It is, how2ver, quite evident that using only the most elementary
precautions, the mid-course guidance is likely to be more diffiocult to Jjam
than the ground radar or the homer,

Lol Jaumirg of S band transmission

Jamming of the S band transmission might be attempted from the target
by noise, transponder, pulse trains or irregular pulsed trensmissions,

Le11 Noise

It haes been shown previously, that to jam the S band communication
link to the misrile at a range of 10 miles, when the target is 150 miles
i'rom the beacon, requires a jammer power output of sbout 760 watts, where
the transmitter pesk power is 104 watts, the ground transmitter zerial gain
is 75, the front to back ratio of the guidance receiver aerial is 10 and the
Jammer aerial gain is 10, (4 jam power/signal power ratio of 0,2 is
assumed to cause jamming,)

This level of power could not be radiated over a wide range of
frequencies and would probably be obtained by noise modulating a selectively
tuned jammer, To be certain of jamming the correct transmission, a panoramic
receiver system would be required with a look thrcugh device, It is evident
that a fairly camplicated Jamming system is required radiating a high mean
power and that the level of power would be at least an order of ‘magnitude
higher than that required to jam the ground radaxr,

It is worth noting in passing that the values of the guidance system
parsmeters chosen for this 1llustration are by no means near the limit of
what might be obtained, In particular if a trensmitter valve were specifi~
oally designed for this application a power output of at least 10 times and
poassibly 100 times the value assumed might be expected,

L4e12 Tiansponder

One type of jammer likely to be met in the next decade is the trans-
ponder or repeater jammer, Suppose such a jJammer situated in the terget,
repeated the codes received by it in the general direction of the beacon,
suitobly amplified with zero delay,
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The totol length of the coded message is 40 microscoonds ond since
the missile will e situated between the beacon and the targot, if the
distance botweon the missile and the target cxcceds 4 miles, the missile
vould roceivo the whole of the message from the boacon bouforo it rooceived
the reloyed signal from tho Jammor, On roceipt of the beacon mossago the
missile recceiver would be closed down until approx, 1.9 seconds later.
The Jjammar signal would thus be ignored,

Missiles attacking other targets would ignore these ropcatcd
tronsinissions because the address codes would be incorroct, The only
voy in which the transponder typo janmer could hope to intorfere with tho
proper operution of tho guldance system would be by delaying onoh ropoated
transmissior by nearly two soconds so that it was roceived by tho missile
Just bofore the noxt beacon transmission reachud 1t, This would involvo
a very complicated typo of jammor and such Jamming docs not scom to bo
very foosiblo,

Le13 Pulse trnins

It i5 clear that the tranmmiuvsion by tho target of o regular serics
of 8 band pulses of 1 3 1 mark space ratio, the pulses beirg 1 or 4 micro-
seconds long would causoe inoperation of the addruss or information
decnding cirouits, lHowever, for this typc of Jonming to be effoctive it
is ovidont that the power to bo tranemitted by the Jammer noceds to bo
oomparoblo with the power roquircd for offective jaming by noisc, It is
also necossory in this caso for the Jamwr to bu tuncd oxactly to the
beacon frequonsy,

Undor the conditions given ocbove the poak power requirced from tho
jommer to produce pulscs cquul in omplitude to the beacon transmission
is 3,8 Kw, with a mcan povor of 1,9 Kw, Thie is only sufficicnt to
interferc with thc coding systems at a range of 10 miles and normolly
a missile at this range would be oxpected to be operating on homing,

A moru cconomical way of using pulsc Jwmning would be to troncmit
pulses at longer intervals,

L,y Irrcpulsr Pulses or lower frequency pulse traing

If the jammer radiated one puloc, onc microsccond long cvery
., microseconds or one half microsccond pulsc cvery 13 microscconds, it
could be sure that one of thesc pulscs would occur during the rcecption
period of similar pulses in the beacon message by the missile, It would
be necessary to transmit rother more frequently thon this to cnsure that
this additionnl pulsc wos not received in coincidence with o message
pulec,

The peok poviers required would he the same as that given in the
rrevious scction with a reduction in the mean power dependent upon tho
mark spooce ratio,

Consider first the cffeet of on additional pulsc rcceived by the
missile during the reception of the address code, This missile otill
corrcctly recognises the address code and ignores the additionzl pulsc,
It is possible, however, that two othcr sets of missiles destinced for
othor torgets could decode this oaddress accidentolly if within range of
the jemmer and ecould incorrectly acquire the information code relating
to thins message, This would be of no assistunce to the jJammer airceraft
as the missiles destincd for it would still be receiving the corrcect
information, There arc certain unlikely exceptions to this state of
affairs, such as if the three pulses of the address code arc cqually
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spaced and an interfering pulse is received an interval in front of the first
marker pulse, equal to the interval between address code pulses, In this
oase the address would be decoded early, but as the first half microsecond
marked pulse would not eppear at the correct time the information in the
message would be ignored, This oould introduce an error in the alignment

of the centre of the homing eye seerch of . 11,7 mils mexirum, Such a big
error is unlikely and even so is probably unimportant if the occurrence is
rare,

Another exception ocours when there are several targets, If the
Jammer transmits an additional pulse which is inside the transmission of
another address code, it is possible that a code could be produced which
would be identical to the address code of the missiles attacking the jammer,
This ooculd result in the missile which received the jammed address code
deducing its displacement fram the datum line inocorrectly and decoding
incorrect height and angle information,

A better alternative for the jammer would be to trensmit } microsecord
pulses more frequently than once every 13 mioroseconds with the intention
of interfering with the information portion of the message, These pulses
would not affect the address, The same rules for calculating jamming power
apply here as to the address code,

The first part of the information code refers to the change in
datum line bearing, Thirty one levels can be transmitted, covering quantum
levels from ~15 through O to +15, Since the interfering pulse could not be
phase locked to the message treansmission the pulse would occur at random
times, If it was received by the missile before the second of the two
correct pulses a false angle value would be received, it it were received
after or not at all, the correct message would be decoded, The code might
be so arranged that a false angle value is as likely to be positive as
negative, This would help to reduce the senousness of the cumulative error
produced by this form of jaming,

A series of % microsecond pulses would simila.rly lead to the' incorrect
decoding of height information,

More camplicated codes can be devised and the possibilities will be
discussed later,

Le2 J ¢ of the X band trensmission

Jamming of the X band tranamission is likely to oause errors in
navigation, It was shown! that noise jamming at a higher power level was
required to jam this transmission than that required to jam the S band
transmission, PFurthermore unless the jamming is very intense the error in
navigation will be smell and of little significamce, This coupled with the
faot that the jammer difficulties are increased as A is decreased, for
equal power radiatec, suggests that jamming of this transmission by noise
is unlikely,

The possibility still exists that pulse jaming may be attempted,
The experimental receiving equipment requires the X band train to oonsist
of at least 2 pulses separated by the correct interval 45 microseconds,
This is to exclude the possibility of the equipment being incorrectly -
triggered by a strey pulse on the same frequency, soy by a radar pulse,
This interference rejection ¢ircuit in an operational weapon system would
be extended so that a minimum of 10 pulses at the ocorrect spacing would
be required to cause operation,
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Also, in thu oxporimental system, tho receiver will be ready to
nccopt a new signal 1,5 seoonds aftor the reception of the 3 band eignal,
In an oporational system the receiver would not bo made ready to accopt
fresh pulscs at a fixed time interval aftor tho roception nf the 8 band
signal, but at a variable timo dopending upon range, For oxample, whon
tho missilo was boing gathored to the datum linc and was nlosc to the
boacon tho 8 and X band signals might bo roceived fairly widoly spaced
and tho reccivor might nood to bo opon to rocuive frosh information
1.5 soconds after the last signnl, As tho range increased the missilo
would stoabilinc on the datum line and tho recoivor would not need to
opun to receive frosh information until at loast 1,9 seconds aftor tho
receipt of tho lost information,

A pulsc Jammor would need to have the following charactoristics,
thoroforu:=

It would ncod to tranmmit ot loast 10 pulsos at a time at tho
correoti p,r,f, at luast onco overy 0,1 scoonds, at a powur lovoel

to induce a signal in tho missile comparsblo with tho boocon signal,
To produou signals of cqual wrplitude tho power roquirAd PJ wonid po

2
Pp o . . da
PJ . or Emz ! 3co Ref, 1 pagu 2y
If Py = 109 watts Gy = 10
GT B 5000 d1 = 10 miles
&y = 10 d? s 140 miles

109 , 5000 . 10 o 10°
10 o 1402

watto

we hovo P 7 =

s 2,5 me_awatts,
The mean powor level would be 250 watts,

This would jam the X band rcceiver at 10 miles range ond approxi-
matcly 4 timos this powor would be rcquired to Jam at 20 milec range,

3inco this oquipment nceds to be accurutely tuncd to the buocon
frequency it docs not appear to be a very probeble form of eirborne
countcrmeasure,

Apart from the obvious counter countermcasurc gembits onw of tho
most effective moasurcs would be to rcduce the open period of the rceeiver
t> a minimum to forcc up the ratc at vhich the jemmer had to radiatc th:
pulsc blocks end henco to reise the mcan power level,

Le3 Recduction of R,C,M. vulnornbility

The methods of transmission proposcd for this guidance system ere
extremely wasteful of btandwidth and in this scnse cannot be considercd
to be optimiscd properly, The sclection of the mothods chosen has been
determined on the grounds of practical cxpediency as, in general, a more
refined tronsnission system would have demonded valve development, or
norce complicated eircuit development.

The reduction of the countermensurc vulnernbility must be divided
into two prats and the X and 8 band channcls considerced scporatcly.
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Le31 X band transmission

The ¥ band transmission proposed involves the transmission of one
pulse for every practical millieme of aerial rotation, Vardiations in aerial
rotational speed over short periods arc unimportant when the receiver is
close to the datum line as the receiver determines its position in the beam
by counting Eulses. A CW, transmission could be used instead of a pulse
transmissioné but in this case the receiver would have to determine its

position by timing on the signal envelope, assuming a fixed rate of
rotation of the aerial,

If the transmission was a C,W. one, the bandwidth of the receiver
required would have been a few kilocycles per second, For transmission of
equal mean powers, a reduction in the vulnersbility to noise barrege jamming
would be cbtained, However, simce receiver AJF,C. is extremely difficult to
obtain in an intermittent transmission of this type, the advantage of such a
narrow bandwidth could not be properly exploited without a great deal of
receiver complexity, To ensble AJF.C. to be dispensed with, a bandwidth for
the receiver of about 10 Mos/sec is necessary, to allow for drifts in the
transmitter and receiver frequenoies. In the transmission proposed, § micro-
second pulses will be transmitted which are more compatible with the band-
width necessitated by the fruquency drift requirement,

Recent simulator work has shown, however, that there is a possibility
of producing & workeble system with a data rate as low as 10 seoconds, This
immediately opens up the possibility of dispensing with the X band portion
of the beacon and making use of the surveillance radar beam instead, There
are certain difficulties in doing this and it is proable that the accuracy
of navigation will suffer slightly, One adventage of this possibility,
fran the R.C.M, viewpoint, is that the p,1,f, could be made more stable
and the p,r.fs selection could be made more effective,

It is interesting to note .that a pulsed rotating beam operating at a
PeXefs Of 3200 p.p.se. would probably be assessed by en intercept unit as a
short renge surveillance radar, whereas a rotating C.W. beam is likely to
arouse more interest.

The accuracy of navigation is not much affected by the use of a pulsed
or C,W, trensmission, and the final choice between the two possibilities in
an operational system would be based on tranamitter valve availability, in
that the power output and frequency stebility would have & direct bearing
upon the counter-measure resistance of the system,

4e32 S band transmission

The reduction of the susceptibility of the S band link to counter-
measures is a more camplicated problem,

The code could be improved to reduce bandwidth, to alter target
saturation possible on any one bearing by decreasing the time required for
each message, or to inorease meen power in each message period possibly at
the same time incorporating some measurc of redundanoy, The present
saturation density of 100 targets per degree may be higher than necessary
and it might be possible to reduce this to allow longer pulses to be used
and the bandawidth to be decreased, This would have the effeoct of inoreasing
the average power required per beacon data period, However, the bandwidth
of the receiver is again determined by the requirements set by frequency
arift,

The best solution would eppear to be offered by the use of a code

containing redudant information coupled with a general inorease in mean
power, so that the message can be correctly decoded even if part of it is
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obacured by interference, Tho code can be furthor complicated by suoch
things as froquency diversity of transmission which would forco the jammor
to operato on sovernl frequunoics at once in corrcet scquonce,

Since tho midecourss guidunco phase of the missile system appoors
to be the leost vulnerable pert, the complication which ean bo affordod
to provids Juwming protuotion is Aiffioult to assoss but probably no
groot complexity is justifieds It oppears likcly that tho lorgust goin
for the smallest devolopmont effort would bo obtained by the dcvolopment
of o vulve capablo of transmitting o very much highor level of mooan power
over short poriods, This would have the further adventage that 4t would
tend to simplify the missile rather than complicate it,

The pruscent cods roquiros a valve which is halfwnuy Lotwoon o rodor
type pulse gonorator ond a C.W. gonorator. In sonored, pulso valves will
not genurate tho moan power roquirced as thu duty cycle over tho monsopge
11 too high, and C,W, valve will not genorato tho penk powor dunirtblos

5 Variotions of the Systom

Two other single bencon midecourse guidance systems have hoon
conpsiderod and have boeon the subject ol work by licssrs, Ferrunti,

Ono of thugo aystems may be dosoribod as the pulsed buom systom in
vhioh thc rotating fan beem is prlocd to convey information instond of
using o separote information channel, The miseile cxtructa Informntion
fran the boomn modulagion which allows it to duduce thu angle Letween tho
sight 1ino from the beacon to the missile and o refurence bearirg, tho
ongle missile-beocon~targot, and torget height. Thus the infoumation
which the missilc has is tho same ns that provided in this systus czeopt
that its bearing from tho beucon to a refercnce line is specificd in
coch tranmnission, Work on this systom is bouing carricd out ot the

Wythenshove loboratordes of Mcocoru, Furrantid,

The London Computer Luboratorics of Musors, Ferranti, in exnnining
digitel data handling methods applicd to missile guidancc, have mupgestod
o variation of this system ond o CJ. beam, broudcast pulsc systua which
in mair foaturvs is very similor to the R.AE. syatem,

41l the Ferronti systoms are bascd upon providing navigutionsl
inforuation to tho missilc, to a quantum lcvel of about 20 mins of aro
vhercos the R.AE. pystem oims ot providing thic information to o
quantum level of 3.5 mins of arc ov 1 mdl. This docs not mcan that the
accurncy of the system will be as gond ae thic, but only that 1t could
be if the apparatus werc porfoct and theru wore no site on propagation
problems, It is, however, rogard:d as important that the megnituds of
the pdditional crrors introduced should be detormined experinmentally and
the 1imit of accuracy of this type of systom vatdblished, This can only
be done in a system vhere the quentum lovel is emall cnough, This fact
alonc is sufficiont justification for the uxperimental prograrg projucted

by R.ALE.

Tho chicf differvnccs between the ReAE. system and the Ferrantd,
London, C.W, beam system ore that tho techiniquos of data hondling arc
different and thot the informoution tranomission is different, It dc,
however, unlikely that this scetion of Perrantit c will prococd further
with thc development of this system, There is lcas resonblones between
the R.A.E. systom and the Ferranti Wythcenchowe syastos, in fect the only
comon foctor is tho usc of a rotating fan berm tnd the intontion that
minsiles should {1y eight linc courscs, Fran the trials with the R.AGE,
systen a mass of data chould be avidlable vwhich could be of helrr o
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Messrs, Ferranti on the general problems of beacon design, particularly with
regaxrd to site effeots affecting transmission, fading etc,, methods of trials
instrumentation and the mechanical and engineering problems of beacon
transmitters,

References have been made in various places in this note to small
variations in the system. The most significant of these is the suggestion
that a data period of about 10 seconds might be acceptable which would
ensble the X band fan beam of the beacon to be replaced by the fan beam of
the surveillance radar, This possibility introduces several difficulties
in transmisssion but the saving cf one transmitter consistutes an appreciable
reduction in ground equipment and probably Justifies some further complication
in the data handling equipment, A system based upon the use of the radar
beam in this way is being considered and will be the subject of a further
note,

6 Further Development

In this section it is intended to list the items requiring further
development to make this system available for operational use in missiles,
but which will not be carried out in the G,W. Dept. RsAE.

To complete the interception trial phase of the experimental programme
(see Section 3,1) it will be necessary, to obtain target bearing in binary
digital fom, revised every 1/10th second, The target, in this trial, should
be flown at a range of 50~100 miles and on the ccastal site proposed at
Bard Hill, near Cromer, there is in existence a type 80 radar which oould
be used to obtain target plots, It would be desirable to be able to extract
information on one target fram this radsr and to pass it to a single unit
tracker and coder which could pass the information to the beacon in the
correct form at the desired rate,

A fitting termination to the trials programme would be the demonstration
of the complete interception course using a homing head or A.1 equipment
mounted in the nose of the airoraft directed by the information transmitted
by the mid-course guidance system, The engineering of the head or A,1., to
give scan and acquisition characteristics representative of the S.A.G.W,
homing head requires development and co-operation from outside sources,

The design of the operational missile system requires further
consideration to be given to the informmation transmission system, an
asgessment of the Jeamming reslstance ecoromically desirable and some
further valve developments to raise the power transmitted on both chamnels
to a maximum, It has not been suggested that S ard X bands are necessarily
the correct frequencies for the operation of the system, It is probable
that the optimum frequency lies somewhere between these two bands and this
frequency has yet to be selected,

The largest item of development is in the data handling circuits, To
minimise the size of the ground equipment it is logical to cambine the ground
radar tracking system and the beacon data handling equipment in one camputor
which incoporates the desirable charactcristics of the data sempling
mechanism as determined by simulator experiments, It is also necessary to
develop and incorporate in this camputor a simple missile simulator which
will enable "rough" missile range to be cbtained to determine the time at
vwhich height transmission should commence,

So far, insufficient consideration has been given to the problems of
missile height programming, firing site layout and the problems of gathering.
These items need to be resolved in some detail before the system ocan be
considered suitable for use in an operational system,
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Pinally, little information has been madc nveiloblo on thoe effooct
of floune attormuation from the type of engine likely to bo used in thio
missile, From the evidonco available it oppenrs likely thot tho cffcot
of {lame will probebly not bo scrious but this cannot be checlicd until
tests can bo made on tho actual motors likoly to bo usod,

7 Conclusiong

The canplotion of tho oxperimontol trinls of this systom of mild~courso
gidenoe will show vhothor the rodio ficld required con bo tronsmittod with
sufficicnt accuracy for missile guidanco, whether foding and propogation
problems arc likely to be sorious, and vhether the code transmission
systen used is likely to be satisfootory. In addition o oonsidersbloe
amount of procticnl experience will be accwmloted on the problems of
boncon construction and tho ossoointcd clcectronio oircuits roquired on
the ground and in tho missiloc,

Ao o rosult, the design of nn oporationul syston of mispilo mide
oource guidance will iv. ublu tc go formard #- o g9rnnd bosie, but considor-
ohle furthor dovelopmont will be nocossary on some of the more detailed
sspocts of tho systun, In poarticular, more attention must bo glven to
the design of tho dota hondling oquipient on the ground, to tho pathoring
phasce problems and to tho probloms reloting to the operation of tho
receiving oquipment in o missile,

Schudule of Developrent

Item Tarpt Doto
Completion of basc mounting for acrialc. Janunry 1956

(Final S band, intorim X band).

Modification of aireraft ond mounting of cquipment.  Start lioy 1956
Complstion Jun: 1956

Compls . ion of ground equipment ond creetion wn sitc. July 1956
(Fi:. + 8 bond, intorim X band).

Complction of base mounting final X band asecrbly. July 1956
Complotion and erection of final X band couipnent, Deeenber 1956
Completion of trials on intorim cquiprmunt, Joymary 1957
Complotion of basc mountings at conotnl site, Jouruary 1957

Completion of trialn at Ewashot citc. Junc 1957
Tranofcr of trials to coostnl site. July 1957
Completion of trials ot constnl sitc, Deccuber 1957

End of investigotion
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