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I Introduction

In a previous technical note, I a systm of intermittent beam riding
toid-courso guidance was ouggosted for a long range ground to air weapon.
This note is intended to provide an interim report on the development of
this system at the R.A.E., and to outline the soopo of thm investigation
at present projected. Further ocmnents ar included on the counterwoasuro
problem and the lines of future devolopments.

1,1 Outline of System

Thu system is based upon the use of a rotating radio beacon Vwhich
speoifbis a bearing along Which the missile or missiles must fly. This
direction is called the datum line. The missile climbs to a certain height,
after launch, aomording to a pro-arranged progrrnn and equalisos its
height with that of the target on receipt of further information.

The datun line may continuously track the target in azit'suth or may,
initially, be dircted at some future target position. A single beacon
can be made capable of specifying 250 datum lines, at least, corresponding
to 250 targets at a density of about 100 datum lines per dgreo.

In addition to specifying the line along which tho missile nmlst fly,
information in also transmitted by the beacon vhich is ursod to align the
homing head in the direction of the target.

The beacon consists of two transmiitters with separate ovirial systnns,
The first tranmrjitter operates on X band nd radiates a series of pulsors
at about 3200 p.p.s. from an aerial which has a polar diagran which in
narrow in azimuth and roughly cosec 2 in elevation. The aerial rotates at
the rate of one revolution in two seconds. The second transmitter operates
or. S band and transmits a short block of coded pulses whenever the X band
transmitter aerial is pointing at a target. The coincident reception, by
the missile, of the X band and 8 band :Agnals, indioatcs that the miisilo
is situated on the si)ht line boaon to target. Displacement in time of
the S band signal with respect to the centre of the X band signaul indicates
to the missile its anguJr displacement frcti the datum line as soon from
the beacon.

The block of S band coded pulas corniats of 3 onu microsecond pulses
1: , 5 half microsecond pulses. The onu micronccond pulses carr-y the address
code, which enables all the missiles destined for one target to select the
tranumission relating to their own group. The half microsecond pulses carry
information on taret height and on the angular position of the datum line
in relation to its previous position. Pulse position modulation is used.
The coded pulse block which relates to on target occupies 4.0 microseconds

More dutaild information on the opuration of the system is contained
in Rcf. I, and further details of the equilmrnt to be used in the cxpririwntal
tests are given later in this note.

1.2 Purpose of the cxpcrlmnts

The experiments are designed to dotun.arin vwhther

(I) Dattun lines can be specii',, rvi-ihting from a beacr. to an
accuracy of one or two rr ilz.

(2) The (isplacment of thu ruccivin; cruipiont f'rcr: thGe cltu:-"
linc can be masured accurately for both a.i-ll and largez dicpl..ce .ente.
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(3) Datum lines can be moved in a manner similar to that expected if
they were continuously direoted at a target aircraft.

It is intended to investigate these points by equipping an aircraft
with receiving and recording apparatus and flying this aircraft along
approximately radial lines from the beacon. In the first and second parts
of the experiments the true aircraft position will be recorded by the use of
an air survey technique while recordings are made of the displacements fran
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
aircraft on a moving datum line to demonstrate that an interception course
can be flown. Illustration of this will be provided by mounting a camera in
the forward part of the atrraft, controlled in azimuth by the angular
information transmitted by the beacon, so that the accuracy of the alignment
of the centre of search of the hcing eye defined by the guidance system may
be checked. With such an arrangement the actual acquisition of the target
by an A.I. 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 specifitation of this
aerial is unusua3 in that a high degree of symmetry 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 measured on the factory test
site, the effective polar diagram may be slightly modified by the peculiar-
ities of the site chosen for the beacon.

Apart from demonstrating in a practical manner, by the construction of
a simplified prototype beacon that a rotating beacon of this type is feasible
and that the processes of data handling, code generation and transmission are
possible, various propagation effects which are impossible to calculate
accurately need to be investigated. As well as the site effects mentioned
above which can lead to inaccuracies by apparent beam distortion, the depth
and frequency of fading is important. To minimise this effect the transmitt-
ing aerials have been specified to have a rapid fall off of signal at
elevations below 10 and provision is made for small 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 capable of causing fading by reflection can be
varied.

In this connection it should be noted that .t*o sites will be used in
the experiments. Most of the work will be carried out from a site situated
at Ewshot, near Farnxborough, where the beacon will be effective over a south
westerly or a south easterly quadrant, which will provide information 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
range surveillance radar is available, which can be adapted to provide target
bearing information in the correct digital form, to enable propagation effects
over sea to be investigated, as well as interception courses to be flown,

2 Equipment for Experimental Prograzwe

A detailed account of the ground and airborne equipment, which is to
be used in the experimental programe, 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 capable 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 chanmels need only be capable of handling information
on 3 targets. The reason for this is that the problems involved in making
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the trmmnittor handle a large .A, z of chanmels arm relatively smvll,
Wile the ciantity of oquipmen- 2ved in handling information on a
large nuinbor of targets is grea'-. I cwevor, all the tents necessary for
examining the potential acourac :1' the system can be carried out with a
maxinzrir of three target ohanneL iii cperation. On completion of the
trials, however, the transmitter Yl"] be capable of operation with more
comlicated multi-channol data ?anLiIng equipment, if it is considered
that the development should pro: ocd I'urthor.

Ground radars such as th -'i.c developments of Orange Yeoman are
unlikely to be able to provide "a-g, t bearing information to an accuracy
bettor than 11 or 12 digits. 'c l.acon, however, is to be designed to
produce bearing information to .3 (Lgit accuracy and it is intended to
use all 13 digits in obtaining -'oiitideneo with target bearing. The
target simulator is designed to givi bearing to 13 digits, tho first three
of which (the most significant) ar. fixed. In operating with a radar it
is intended to describe target tcartrkg to 13 digits even though the last
two digits (the least significarit) ay have no significanec.

The use of 13 digits car ( i i tified in the experimental equipriont
on the grounds that:-

(1) The nxpcrimont is d',:,'.gi c to show the limit of accuracy of
this method of guidanco. Using cnurr-cntly available tochniques, the
specification of aerial bearing. ,, 2'3 is near the limit of the mothods
available.

(2) The missil, navigatl ,ju. iroblen can bc eased by rdinmiing
additional errors introduced by the Erid-course guidance system and the
specification of bearing to this ac uracy enables smooth extrapolation
of datum line position to be nrali b, twcen radar plots.

(3) Targob data may be d'oriv:d in some weapon systems from radars
capable of providing greater accura'y in bearing than Orange Ycaman,
e.g. tracking radars. In this cat, it would be desirable to coke th
errors introduced by the beacon as small as possible.

2.1 Shaft Coder

T Jsequipment is being mrvk- by Messrs. Hilgor and Watts. Two
equipit. '.:3 will be constructed, orv for incorporation in the interim
X banni j rial mounting and one for the final X band acrial mounting.

It is neccasary to maintaln a jontinuous record of the bearing of
the X band beacon aerial beam from a roference direction, and it is
desirable that this record should be to an accuracy better than I
practical millieme. This bearing mst be presented in a binax'j digital form
capable of direct comparison with the digital aunber for target bearing.
It is thus necessary to compare 13 digits. This means that the angular
rotation of the aerial between the digits i- 0.78 practical mils. Thus
if the aerial driving shaft rotation is described to 13 digits, the
position of this shaft caTL be known to t0.39 mils. This accuracy iz
satisfactory provided that there is a miniimim of flexibility in thu :shaft
connecting the actual aerial and the codir device.

A glass coding disc is mountcd dircetly on thu vertical aerial
shaft which rotates in bearing with a revolution pearld of two zecondz.
The glass, disc is inscribed with three graduated annular tracks and a
light beam is focussed on the disc and irterrupted by the graduation".
A photocell is mounted belw each track.
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The photocell under the first 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 bearing fron 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 count will always 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 scale 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 practical millieme of rotation of the aerials,

2.2 Coincidence detection and data handling

The whole of this equipment, including the target simulator, is being
constructed by Messrs. Ericsbons. The equipment compares each target bearing
with the beacon bearing, and determines thc. 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 relevant to the particular target, to a digital store
system so 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 complete the transmission. It will be preset in the experiment, however,
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 orde'r of 'transmission is decided in an arbitrary
manner

For convenience, in the experimental trials period, a target simulator
will be provided, capable 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 accepts azimuth information from
the beacon coder unit and each target track of the target course simulator.
It provides an output at each coincidence of beacon and target bearing.

This unit is also required to provide at each coincidence between
beacon and target azimuth, in each channel, the change in target bearing
since the last coincidence 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 code converter at the correct tines. The data is handled
in such a manner, that there is no possibility of a coincidence being missed

or of a false coincidence being generated.

-6-
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The code convertor and j € - nit converts the target data from
binary fore, represonting hoi4 t -i bearing difference an l into a
form that may be used to ental i 3 L pulse position code. Threc separate
channels are to be provided tc x1::, for three independent target traoks,
The output signals from these t"( oparatf- channels are to be oobinod
in time soquence on a common tci, C rtput leads,

A sot of loads arc prov, ), the bcaring diffeorenc data anl
another set for height data.' 2,:il ),tput is allocated a different
quanzw level in the data to 1 Il r) i;mittod and the correct lead is
sequenced and [iulsod. The oul r' : ,, indicates bearing difference in
31 quantum levels (+15 to -15) 1-( j, ight in 63 quantisn levels, each
quantum representing a 1000 f! '1.: 3 1 zone, A 32nd qulantum level in
angle and a 64.th quantum love: i - ght arc available for transmission
monitoring purpones.

The target simulator t c place of th, radar and auto tracking
unit, presenting target beari 'ijtt to the comparator and height data to
the code translator. Only si '[ I. t L -got courses are required. Targt
bearing is spofied in binar. ]i r t l form to 13 digits. The first 3
digits will bo prosct into tho Iitl ttor restricting the sc"tor of
operation to 450 , The course t- t. simulated ar:-

(1) Constant bearing o i ' x -i all threc trackn.

(2) Courses having a e, i ct, r t ratu of change of bearing, either
positive or negative in sign, I - r ;o of ohange being controlled by
rrarnal preset between limits ( I " x1anta/second for 2 track:s, the third
track being fixed.

2.3 Code Translator

This unit ha boon dccli . A r t R.A.E. and is under construction.
It will convert the data prodac d I' the code converter of the Ericsson
uquipment, in the form of pul~ Y :z -articular leads, to the correct
pulse position code for the £l;tt (f the modulator of the 3 band trans-
mitter. It will also gonerat, th. ildrss codes allocated to each ohannel.

The generation of the pli, o o lea is controlled by a 2 me/sec
cry:.tal oscillator followed b,, c i which admits, to the translator
cirx :it, a train of 80 pulses !cn time a coincidence is ou tablished.
By t: ; use of a series of binv- 2 viders and a diode ntwork, keying
pulat-s are applied sequcntiall:, t: 23 gate circuits. T"wo of those gates
are opened by each line markel ly -h - code converter so that for the
address, angle and height co&dix a oti.l of 6 gates are opened. In
addition fixed marker pulses r' 'tnitted to each code. The outputs of
the gates are combined in two gro]jc,. The first five gates, together
with the first marker pulse pr'iii the first group of three pulses
which are shapud to be 1 micrs eC:',i id long. The second marker iplse and
the outputs of the last 23 gat.t tr the second group of five pulse'xs
which are shaped to be - micro-,(7cr lor4. Both groups are then combined
and fed to the modulator.

2.4 Transmitters

The transmitters arc being (! irstructe' by B.T.if. an3 will be
available in the sumner of 195. .,r improved X banrl aeriol and tranz-
rittor will be made available ;i'. icnths later.
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The first or interim X band transmitter will use a modified marine

radar aerial producing a 1.20 beam in azimuth and horizontal polarisation.
This will enable 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 comparison 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 transmitter will have a 0.60 beam in azimuth and
more sophisticated shaping in the vertical plane. In particular, it will
produce a sharp cut off at elevations below 10 to minimise the intensity
of the ray directed at the earth's surface and thus, it is hoped, the
effects of fading will be reduced.

Because the aerial of the final transmitter is more than twice 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
transmitters used will have the same characteristics in each case:-

Peak power 100 Kw, or at least more than 50 Kw.
P.R.F. 3200 p.p.s.
Pulse duration f 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 alignment purposes.

It was originally intended that the S band transmitter would have an
azimuthal beam width of 400 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 been rotated at the
desired rate, it was decided that since the operation of the 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
aerial would be that a polar diagram narrower in azimuth could be used, with
a correspondingly increased field strength at the receiver, and consequently
a slightly better resistance .to jamming signals.

The S band aerial under construction is 17 ft high and 3j ins wide
giving an 800 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 capable 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 suffiaient 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 Ecirment

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 cembined in the angle
measuring oirouits. The measuring circuits are triplicated to allow simul-
tanecus reception of signals relating to all three channels.

-8-
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Each receiver is fed fro 1 I: C horns triounted in the tail of the
aircraft (a Varsity). Measure .r tt can only be made on outward radial
courses. The polar diagrams o' 1 -c aerials is such that coverage in
elevation oan be from 00 to -2) it, in azimuth to ±300 to half powor
points.

The receivers arc boing i ( tinable over a small ranpe of
frequency so that adjustments %t - ado to cover slow drifts in the
frequencies of the ground trans ltl rs. No facilities will be made for
A.F.C. In the experimontal e7ui1 r1i r but the bandwidth of each I.F. will
be made approximately 10 sns/s. :c preserve pulse shape and to allow for
snoe degreo of frquency drif , long period A.G.C. system will be
used whioh retains the A.G.C. -"I -, o dovelopod for 2 seconds until the
next signal has boon ocmpletol- r !(ivd and a new A.GMC. voltago is
developed.

After the reception of t u sb nale, a blanking pulse of 1.5 seconds
duration is applied to the rco: v r to prevent the reception cf unwanted
signals. In an operational oqL4,piXz t this blanking pulse would be extended
to about 1.9 seconds to providc o tf r protection. This is not possible
in the experimental equipment beowis3 of the provision mad for three
channel recoption through one r- ti ir, since the 8 bsndl tranmnissions
can be widely separated in tirx,

The I mioroseconl pulses I r tvr o address code of the received S band
message are passed to a delay !i' ! ,Lth taps every microsooond. The taps
on the line are connected to thr" ird" gates, oorresponding to each
channel, in such a way that thres tops arc connooted to each "and" gates
The correct spacing of the addrcv, - )i pulscs causes a lAIso to be
obtained from the appropriate 'aa'" zatu which generates the correct
waveforms for the display unitu i A ;-iggors the angole counters oorres-
ponding to that channel.

Initially, it in not inter, l(d ; decode the angle and height codes
but only to display the received cod n on a cathode ray tube and to record
them photographically. At a lat.m stage, decoding equipment for at least
the angle code for one channel vi2. b,- introduced.

Channel trigged pulses, dcrvc fron the 3 band signal, arc fed from
the receiver "and" gates mrontiorud above to each angle counter. The
d: Adulated X band pulse train, sultably amplitude limited, is fed to all
tL ;Anglc cocntors in parallel, through an p.r.f. selector.

For each channel there is bhth a firne angular error counter and a
coarse angular error counter. Th,- fi-v counter is used /nen the 3 band
pulse for that channel is received at the sawr time as the X band pulse
envelope is being received, and the coarse counter is used when the S band
Imlse falls outside these limits,

2.51 Fine angular error detcr.dnation

The problem of finding the relative position of the X band received
signal to the S band signal when the angular error is small (i.e. the
navigation error) involvcs the adition and subtraction of received X band
pulses above a threshold level and the display of the result in a suitable
form. Initially, there is nc intention of navigating the aircraft accur-
ately from the error signals, and so lhh conversion of these results to a
suitable analogue form dous not arise until attempts are madi to fly
interception courses. A display is neccssary for recording and as a
pilot irldioator. The display for recording will depend upon the photo-
graphy of dekatron counters while the pilot indicator will cornist of
indicator bulbs showing when the aircraft is not within the limits of the
fine angular counter and the sense of' the crror.

SECRET
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A circuit to carry out this wddition arl ubtraction has been df'vised
using a reversiblo dokatron counter consisting of two scales of ton,
Provision is made for adding or subtracting up to 50 pulses. This is to
allow tho counting system to cater for a polar diagram of grator width than
optirrium and to allow for the inaility of tho A.G.C. circuits to correct
for changes in signal level over tU. 2 second period. Rapid changes in
signal strength could result in the level of acceptance in the X band
receiver limiter varying frao between 3 db below the pe4. of the signal to
abort 15 ft below the peak and the consequent admission to the counter
circuits of a longer block of pulses,

2.52 Coarse angular error detennination

This unit measures the time from the ruception of the 5 ba d pulse
to the centre of the X band pulso train or vice versa when the 8 band pulso
falls outside the limits of the X band pulse train. The unit mtaourus the
value of this error up to ±320 mils and displays the result as a count on
three dekatrons together with a noon irniootor to chow the sense of the
error. It should bo noted that since this angular error is obtained by
timing the reception of the two signals it is dependent upon the beacon
aerial rotating at a constant rate and any variation in rotational rate it
reflected as an error in this angular meanurement. The limit of variation
of' beacon rotational rate in 51 arl an error of this magnitadc is of no
conncTuenoe in the coarse angular inacurerrent.

This is not tyae of the firy' angular rtnurmmrnt as in this case the
accuracy is independent of beacon rotational speod, provided that the
p.r.f., whioh is controlled by this rotational speed, is within the limits
of the receiver p.r.f. selector.

3 Technique of experiments

It has boon estimated that the Ouiico systuii lropooud should enable
a receiver in an aircraft to estimate its position frtnn a givn tranarittod
datun line to mi accuracy of between I and 2 mils peak nglecting errors duoe
to site and propagation effects which are impossiblo to forecast. If it is
asiuined that the measurement will be accurate to I mu, this corrosponts to
an accuracy of 50 ft in plan position at 10 miles frc the beacon to 500 ft
at a range of 100 miles. To examine those errors properly, a method or
xrasur3ment of aircraft position is required which givcs an accuracy approx-
imatoly on order of magnitude better at the mere important ranous i.e. about
100 myiles .rWo

Thoer are two readily available methods by ahich aircraft position can
be masured to an accuracy of 50 ft in plan. The first method irvolves the
use of a tracking auto-follow radar sited at a surveyed point on the ground,
100 mrilos from the beacon. This method was discarded as it suffers frn
ecvcral. obvious limitations:-

(1) At the height at which the aircraft will be flying i.e. about
lOO00 fto currently available auto-follow radars would only be ablo to
provide measurements to the required accuracy when the aircraft was withir
about 5 miles. To cover the whole of the radial flipht of the aircraft
marrj radar sites would be required.

(2) The establishment ind rmaintcrxmncc of any radar cites for this
purpose: would be expensive in manpower and equipment.

(3) Presenting the results of the radar tracks in the desired fon
viQuld tic tedious and difficult.

(),) Co-ordination of recording would b rerpiircd at beacon, aircraft
an). ra2iir sites.

- 10-
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(5) The area of opuration would be limitcd by the availability of
rular sites. This would nako the investigation of beacon site effocts
very diffioult.

The on advantage that this method might have in the relative
freedom from weather restrictions.

The preferred alternative method involves the use of air survey
teohrques,

In this method tho aircraft position is triasurod by inspection of a
ocries of aerial photographs taken from the aircraft of the terrain over
which it is flying. To obtain the position of the aircraft when the
photograph was taken, requires the use of a technique which is the
reverse of that usod to obtain maps from aerial photographs. It is
olaimed that in this way, the position of the aircraft, in plan, can be
obtained to an accuracy of better than 50 ft (Is: crror) without any
special precautions, such as the use of a atrbilised camera mounting.
The limrlt of peak error -an be 1 o r t

Arrangements arc being made to fit a standard air survey cara in
the Varsity to be used in the trials and a sories of ovurla)ping photo-
graphs will be takero in flight at thn rate of I per mile (for an aircraft
flying at about 10,000 ft). Provided the aircraft is flying cvor terrain
with distinctive markings, the do'cloped photographs can be projected by
a pair of projectors, and the positions of the projectors adjusted so
that exact coincidence is obtained on the portioiz of the pictures which
overlap. If the projector of the first image is adjusted to obtain exact
coincidence of the imago with an ordmne map of the area, the positions
of the projectors will boar the same relationship to the projected p-.cture,
as the aircraft bore to the ground when the picturu was taken. By masuring
the plum.b point of the projector and referring to ordnance maps, the
position of the aircraft at the instant at which the photograph was taken
can be determined accurately, and a graph can be drawn depicting the
deviation of the aircraft from ar reference line against tine.

The Varsity will b,, operated at its norial cruising speed of
270 ft/sec and one photograph will be taken every 22 seconds i.e. approx.
1 per mile. The reference lines to be chosen will be radial lines from
the buo!,on and the results after analysis will dipict angular dviation
of the Trcraft, as seon from the beacon, in mils, against time. Ihis
will b. compared with the records obtained from the apparatus recording
the outputs of the guidance equipment.

The "reverse" air survey technique is complotoly devloped and a
contract is being placed with the Air Survey Co. of White Waltham to
carry out the plotting of aircraft position in the manner described -nid
to provide various auxiliary services in coiusction with this part of the
cxerimont.

The method has rA=nrous advantages such as allowing complete freedom
of operation of the aircraft but it suffers from two important and obvious
disadvantagss. Firstly, thu method is useless over sea, and sccondly,
good visibility is required to obtain good aerial photographs.

It is intended, therefore, th-t all u.asurcrnts connected with the
accuracy of navigation will be coryhxcted with the aircraft cver land,
except for the final interception trial. The visibilit,y restriction
will limit experimental work to days whcn the cloud below 12,500 ft does
not exceed th and the surface visibility is cabout 10 riles. It is likely
that on a few days each month the conditions will be satisfactory.

- 11 -
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3.1 Recording equiment

It is convenient at this stage to sumnarise 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 I frame every 22 secs.

(a) Ground position.

(b) A serial number for this photograph.

This camera also generates a pulse which

(a) Moves on one place, number counters in the other two aircraft
cameras.

(b) Generates a 1000 c.p.s. tone pulse which is transmitted over
the V.H.F.

(2) The counter recording camera recording at I frame every 2 seconds.

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

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

(') Two dekatrons operating fron 10 c.p.s. generator giving the time
elapsed sine the last air survey photograph was taken.

Total 2 dekatrons.

(d) A number counter showing the serial rmmber of the last air survey
photograph.

(e) Six neons showing the sense of the error of each coarse angular
count,

(3) The oscilloscope recording camera recording on continuous,y moving
film.

(a) 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 ray tube in the
intervals between the display of (a).

(a) A rdmber of counters, illuminated by a flash tube, showing the
serial nuurber of the last air survey photograph.

On the ground, recordings are made on the beacon. 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 recorded:-

(a) The 10 least signifioent digits of the bearings of the two
moving datum lines.

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

- 12
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(o) On the 22nd pon, a mark is madc every second, controlled by
a clock pulsing unit.

It is thus possible to relate any part of ay record with the data
recorded at the same time on any other recording instrument and to cbtain
interpolated measurements with a reasonable degree of acc-iraoy.

3.2 Exporimental method

The aircraft will fly at 12,500 feet for most of the oxporimontal
work. At this height the camoras available provido a negative which can
be easily projoctod with existing oquipmont to fit a standard ordnanco
map scale,

In the first experiment, one datum line will be transmitted on a
convenient boaring say S.W. from Farnborough. The pilot of the aircraft
will be asked to fly on this radial course as acouratoly as possible
assisted by indicator lights operating from the anglo moasurirg circuits.
A ran the analysis of the air survey plots and of the dekatron photographio
records, two records will be available of' the angular displacement and
variation of the displaooment from the datum line bearing from the beacon.
Tlis will be repeated on several bearings.

The second step will be to fly the aircraft along a radial course
cuoh as that above, now rmroving the other two 4atum lines through the

fixed ony., at various rates and with them moving, both in the same and in
opposite directions. This will ennble a check w be mde of the accuracy
of the coarse error ctrcuits, the accuracy of error determination When
changeover is made from fine to coarso circuits, and thc poisibillty of
interference between different channel codes when they are transmittcl
in rapid succession. In all those trials the recordings of AG.QC. levels
in both receivers will indicate the rapidity of fading and the records of
the angle and height codes will enable the difficulties of decoding those
trains to be assessed.

If good agrooment is found between true aircraft position and the
position estimated by the guidance oquilmint, the use of air survey
bocomns no longer essential.

In the third series of trials, an att:,.it will be mado to navigate
. aircraft on a moving dattza line, thf rate of movement being made

(;rNpatible with aircraft speed, manoeuvrin , obility and pilot reaction
timr. This will conclude the series of measureumnts carriod out with
the beacon at Farnborough.

It is considered important that sorA trials should be carried out
vhile the aircraft is flying over sea. To do this it is proposed to
erect the beacon at a suitable coasted site, and to carry out trials:-

(a) To test for any site peculiarotiezs.

(b) To invostigate fading ove- sea.

This will clear the way for a full scale dumonstration of the
system involving an interception. To enable this to be don som
additional development will. be neccszary.

(i) Decoding of angle needs to be. ccr;rpleted.

(ii) A moveable cwrra mount actuated by angle information will
have to be fitted in the aircraft.

13-
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(iii) A suitable A.. or homing head may be fitted to the aircraft.

(iv) Equipment needs to be made available to enable target bearing
to be extracted from a long range radar say type 80, for one target,
and fed in binary digital form to the beacon.

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

4 Vulnerability to R.C.M.

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

It had been assumed that in an operational system the receiver circuits
would be designed incorporating precautions against jamming in the intervals
between the reception of beacon signals, by suitable gating circuits.

It is, however, quite evident that using only the most elementary
precautions, the mid-course guidance is likely to be more difficult to jam
than the ground radar or the homer.

4. Jamming of S band transmission

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

4,11 Noise

It has been shown previously, that to jam the S band communication
link to the missile at a range of 10 miles, when the target is 150 miles
lrom the beacon, requires a japmer power output of about 760 watts, where

the transmitter peak power is io watts, the ground transmitter aerial gain
is 75, the front to back ratio of the guidance receiver aerial is 10 and the
jammer aerial gain is 10. (A jam power/signal power ratio of 0.2 is
assumel 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 jamer. To be certain of jamming the correct transmission, a panoramic
receiver system would be required with a look throagh device. It is evident
that a fairly complicated 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 require& to jam the ground radar*

It is worth noting in passing that the values of the guidance system
parameters chosen for this illustration are by no mans near the limit of
what might be obtained* In particular if a transmitter valve were specifi-
oally designed for this application a power output of at least 10 times and
possibly 100 times the value assumed might be expected#

4.12 Tinnsponder

One type of jammer likely* to be met in the next decade is the trans-
ponder or repeater janmer. Suppose such a jammer situated in the target,
repeated the codes received by it in the general direction of the beacon,
suitably amplified with zero delay.

- 14
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The total length of the coded message is 40 mioroscoonds and since
the missile will be situated between the beacon and the targot, if the
distance betveen the missile and the target exceeds 4 miles, the missile
would receive the whole of the message from the boacon before it received
the relayed signal fr(xn the Jammer. On receipt of the beacon message the
missile receiver would be closed down until approx. 1.9 seconds later.
The jwuer signal would thus be ignored.

Missiles attacking other targets would ignore these repeated
transmissions because the address codes would be inoorrot. The only
way in which the trnspondor typo Jauincr could hope to interfere with the
proper operation of the guidance system would bo by delaying onch repeated
tr'ansmissior by noarly two seconds so that it was received by the missile
Just before the next beacon transmission reached it. This would involve
a very complicated typo of jwrrer and such Jamming does not seem to be
very feasible.

4,, 13 Pulse trains

It is clear that the transmibsion by the target of a regular series
of 8 band pulses of I : I mark space ratio, the pulses bcirg I or micro-
seconds long would cause inoperation of the address or information
decoding circuits. However, for this type of Jarning to be effective it
is evident that the power to bo tranemitted by the Jarnar needs to be
comparable with the power roquircd for effective jrmming by noise. It is
also necessary in this case for the Jirmor to be tuned exactly to the
beacon frequency.

Under the conditions given above the peak power required from the
jaxmer to produeo pulses equal in amplitude to the beacon transmission
is 3.8 Kw, with a moan power of 1.9 Kw. This is only sufficient to
interfere with the coding systems at a range of 10 miles ard normally
a missile at this range would be expected to be operating on homing.

A more economical way of using pulse Jrmming would be to transmit
pulses at longer intervals.

],14 Irroular Pulses or lower frmcuer cy pulse tnins

If the jammer radiated ene pulse, one microsecond long ovory
microseconds or one half microsecond pulse ovOrf 13 microseconds, it

c;, uld be sure that one of those pulses would occur during the reception
period of similar pulses in the beacon aissagc by the missile. It would
be necessary to transmit rather more frequently than this to ensure that
this additional pulse was not received in coincidence with a message
pulso

The r xak powers required would be tne some as that given in the
rrevious section with a reduction in the man power dependent upon the
mark space ratio.

Consider first the effect of an additional pulse received by the
missile during the reception of the address code. This missile still
correctly recognises the address code and ignores the additional pulse.
It is possible, however, that two other sets of missiles destined for
other targets could decode this address accidontolly if within ringe of
the jamnor and could incorrectly acquire the information code relating
to this message. This would be of no assistance to the jortivr aircraft
as the missiles destined for it would still be receiving the correct
information. There are certain unlikely exceptions to this state of
affairs, such as if the three pulses of the address code are equally
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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
case the address would be decoded early, but as the first half microsecond
marked pulse would not appear at the correct time the information in the
message would be ignored. This could introduce an error in the alignment
of the centre of the horing eye search of .11.7 mils maxisvm Such a big
error is unlikely and even so is probably unimportant if the occurrence is
rare,

Another exception occurs when there are several targets. If the
jammer transmits an additional pulse which is inside the tranmission 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 janmer.
This could result in the missile which received the jammed address code
deducing its displacement from the datum line incorrectly and decoding
incorrect height and angle information.

A better alternative for the janmer would be to transmit I microsecond
pulses more frequently than once every 13 microseconds with the intention
of interfering with the information portion of the message. These pulses
vwould not affect the address. The same rules for calculating jamming po-ver
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 tranmitted, covering quantum
levels from -15 through 0 to +15. Since the interfering pulse could not be
phase locked to the message transmission 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 ressage 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 seriousness of the cumulative error
produced by this form of jamming.

A series of 1- microsecond pulses would similarly lead to the incorrect
decoding of height information.

More canplicated codes can be devised and the possibilities will be
discussed later.

4,2 Jammirg of the X band transmission

Jamming of the X band trananission is likely to cause errors in
navigation. It was shown1 that noise jauing at a higher power level was
required to jam this transmission than that required to Jam the S band
transmission. Furthermore unless the jamming is very intense the error in
navigation will be small and of little significance. This coupled with the
fact that the jemer difficulties are increased as X is decreased, for
equal power radiateL., suggests that Jamming of this transmission by noise
is unlikely.

The possibility still exists that pulse jamming may be attempted.
The experimental receiving equipment requires the X band train to consist
of at least 2 pulses separated by the correct interval t 15 microseconds.
This is to exclude the possibility of the equipment being. incorrectly -
triggered by a stray pulse on the same frequency, say by a radar pulse.
This interference rejection circuit in an operational weapon system would
be extended so that a minim,,m of 10 pulses at the correct spacing would
be required to cause operation.

- 16 -
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Also, in thu experimental system, the ruceiver will bo ready to
accopt a ne signal 1.5 seconds aftor the reception of the 3 band signal.
In an operational system the recoiver would not be made ready to aocopt
fresh pulses at a fixed time interval after the recption 'f tho S band
signal, but at a variable time depending upon range. For example, when
tho missile was being gathered to the datum line and was aloso to the
beacon the S and X band signals might bo roceived fairly widoJy spaced
and the recivor might neod to bo open to rocoivo fresh information
1.5 sooonds after the last signal. As the rango increased the missilo

would stabiliso on the datum line and tho recoivor would not need to
open to recoivo fro-3h information until at least 1.9 seconds after tho
rooeipt of the ltst information,

A pulso jwmnur would nuod to have the foilowing characteristics,
therefore:-

It would nOOd to transmit at least 10 pulsos at a time at the
correot p.r.f. at least once every 0.1 seconds, at a pcaur lovel
to induce a signal in the missile comparable with the boacon signal.
To produou signals of equal amplitud the powor r3eir',i P. wolt,1 oc

P- i T - * g d1
2  Soo Rof.1 pago24.

4) Gij 2 d22

if PT jo5 watts G u 10

GT  5000 di  10 miles

grn 1 0 d2  14.r0 milos

we hays Pj BS 105 . 5000 . 10 . 102 watts
10 . 14,02

X 2,5 mr:,awatts.

The mean power level would be 250 watts.

This would jam the X band receiver at 10 miles range and approxi-
matuly 4. tinvis this power would be required to Jam at 20 miles range,

3inco this equipment ncods to be accuratuly tuned to the beacon
frequency it doo not appear to be a very probablo form of airborne
oountormoamiro

Apart from the obvious counter countermeasure gambits on, of the
most effective moasures would be to reduce the open period of the receivcr
t- a minimum to force up the rate at which the Jammer had to radiate th
pulse blocks and hence to raise the racan power level.

4.3 Reduction of R.O.M. vulnorabil1D

The methods of transmission proposed for this guidance system are
cxtrcmcly wasteful of bandwidth and in this scnse cannot be considered
to be optimisud properly. The selection of the mathods chosen has been
detennined on the grounds of practical expedicncy as, in general, a more
refined truaianision system would have dmrzuided valve development, or
more complicatod circuit dovclopmont.

The reduction of the oountcivroasurc vulry.rability must be dividod
into two parts and the X and S band cnnnuls considured separately.

- 17 -
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4.31 X band transmission

The X band transmission proposed involves the transmission of one
pulse for every practical millieme of aerial rotation. Variations in aerial
rotational speed over short periods are unimportant when the receiver is
close to the datum line as the receiver determines its position in the beam
by counting ulses. A C.W. transmission could be used instead of a pulse
transmission4 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 vulnerability to noise barrage janmming
would be obtained. However, sine receiver A.F.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 enable A.F.C. to be dispensed with, a bandwidth for
the receiver of about 10 Mas/sec is necessary, to allow for drifts in the
transmitter and receiver frequencies. In the transmission proposed, i 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 a workable system with a data rate as low as 10 seconds. 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 advantage of this possibility,
from the R.CM. viewpoint, is that the p.i.f. could be made more stable
and the p.r.f. selection could be made more effective.

It is interesting to note that a pulJed rotating beam operating at a
p.r.f, of 3200 p.p.s. would probably be assessed by an intercept unit as a
short range 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. transmission, and the final choice between the two possibilities in
an operational system would be based on transaitter valve availability, in
that the power output and frequency stability would have a direct bearing
upon the counter-measure resistance of the system.

4,32 S band transmission

The reduction of the susceptibility of the S band link to counter-
measures is a more complicated 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 increase mean power in each message period possibly at
the same time incorporating some measure of redundancy. 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 bandwidth to be decreased. This would have the effect of increasing
the average power required per beacon data period, However, the bandwidth
of the receiver is again determined by the requirents set by frequency
drift.

The best solution would appear to be offered by the use of a code
ocontaining redudant information coupled with a general increase in mean
power, so that the message can be correctly decoded even if part of it is
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obscured by interferoncc. The codf, cans be; furthe.r complicatod by such
thinlys as frequency diversity of transrniosien which would fcmo the jarre
to operate on sovcrt. frouiunoics at once, in correct seqluence.

Zince tho raid-courso guidtuvo phase of' thu raissnilo nyntem noipoarn
to be the least vulnerable part, the complication which OWL bo affordod
to provide1 jmn~sing protuct ion is difficult to assess but probably no
groat complexity is justified, It appears lilkely that tho largest gain
focr the smalletst devolopmcnt effort would be obtained by tho davolopmont
of a valJvo octpihle of transmitting a very rmch higher level of' mnearn power
over short pecriods, This would have the further advantage tkx ,t it woul.d
tend to simplif'y thj missile rather than compqlicatei it,

The present coe requiires a vatlve which 1s hI~Lwry 1)utY/un IX ra~dar
type pulse generator and a CAW. generator. In ponorol, pulno valves will
not geneirate the mean power rrequired fie the duty cycle over thu mcrmsaoo
ia too high, and C.W. valve will not 0enerate tho peak. power diirubloo

5 Variations of the System

Two other single beacon mid-course, guidance systems have- boon
conside-red and havo been the subject of' work by Meissrs. Faor'inti.

Ono of those aytan may be dosoribod ar, the pulised beozn system in
which, the rotating fani beam is pulsed to convoy information inatead of
using a separate infonrttion chwnnel. The mizije extracts infozmation
frcm the bon moduJlaton which allows it to dfAico thej angle betwoen the
sight lino fromn the beacon to the mimsilo anyl a referenmce boarirg, the
anglo. sissile-boacon -targot, and targut height. Thus theifza.te
;.hich the nssilu hats im the sru- as that providod in this systesi exoept
that its bearinga from thej beacon to a referewnce, line is specifiod in
each treonsmnission. Work on this syntom in buing carried out at thfe
Wythenrshawo laboratorioa of Mccssru. VFerr-anti 3 .

The London Compyuter Laboratories of Muours. Ferranti, in uxanining
digital data hivndling methods applied to missile guidaxce, have rsuggested
a variation of this system and a C.W. beam, broadcast pulse ayfstra which
in main features is veryj similar to thc H.A.E. My3tcm.

Xll thfe Purranti oyatomr, arc basud upon providing mtvigational
infur; atiofl to the missile;, to a quantui l.vel of about 20 mins of arc
wheroas the T.A.E. system aim at pmriding thin information to a
quantun level of 3.5 mine of arc ot' I mil. This does not me;an that tho
accuracy of the system will bec as good as this, but onl~y that it couldI
be if the apparatus were perfect and thre viere no site on IproIptigation
problemns. It io, however, regarded( as inqportant that the magnitude of
the additioenal errors introduced should be detunidrjed experk.,entally and
the limnit of accuracy of this typo of Esystii ustabliahod. This can only
be done in a system vihoro the quaxbuxa le vel is ar-All. enough. Thi fact
alone in sufficient justification for thQ (ncpc2-ritrntal1 progwar:u projecoted
by 1R.A.B.

The chlief diffeoncea between the R.A.E. system andl thQ Forrflnti,
London, C.W. beam system are that the tu-chri~iis of da.ta har1lie arc
dlifferent cand tha~t the infonrttion transmisoion is Liffereint. It irs,
however, unlikely that this sucotion of Peorrantif rz will procr;edr further
with the duvelopment of this syatem. hreis less1 mousemb~rl.; breteen
the R.A.E. system and the Ferranti Wythershame syst(em.,, in fact thre only
cormnon factor is tho use of a rotating fan ber~xn taid the intention that
missiles should fly eight lino courses. Frcxza thQ trials with the R.A.E.
system a mass- of darta rshould 'Dc available; *-*-ich could be of hek1 i U
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Messrs. Ferranti on the general problems of beacon design, particularly with
regard to site effects affecting transmission, fading etc,, methods of trials
instrumentation and the mechanical and engineering problems of beacon
transitters.

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
enable the X band fan beam of the beacon to be replaced by the fan beam of
the surveillance radar. This possibility introdaces 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. R.A.E.

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 form, revised every i/1Oth second. The target, in this trial, should
be flown at a range of 50-100 miles and on the coastal site proposed at
Band Hill, near Cromer, there is in existence a type 80 radar which could
be used to obtain target plots. It would be desirable to be able to extract
in.formation on one target from this radar 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. I equipment
mounted in the nose of the aircraft directed by the information transmitted
by the mid-course guidance system. The engineering of the head or A.I. 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 information transmission system, an
assessment of the joming resistance ecor.cically desirable and some
farther valve developments to raise the power transmitted on both channels
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 optinmum 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 combine the ground
radar tracking system and the beacon data handling equipment in one computer
which incoporates the desirable characteristics of the data sampling
mechanism as determined by simulator experiments, It is also necessary to
develop and incorporate in this computor a simple missile simulator which
will enable "rough" missile range to be dbtained to determine the time at
which height transmission should commenoe.

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 can be
considered suitable for use in an operational system.
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Finally, little information has been rnadu available on the effect
of flevn attenuation fron the typo of engine likely to be used in this
missile. From the evidenco available it appears likely that the effect
of flwao will probably not be serious but thin cannot be chocked until
tests can be mado on the actual motors likely to be used.

7 Conclusions

The eanplution of the exixurimontal trials of this system of mid-courso
[uidanoe will ahow whothor the radio field required san bo transmitted with
sufficient accuracy for missile guidanco, whether fading and propagation
p.obloms are likely to be serious, and vwether the code transmission
system used is likely to be satisfaotory. In addition a onsiderable
amount of practical experience will be acctufrlatod on t-o problems of
beacon construction and the associated electronic circuits required on
the ground and in the missile.

Ao a roult, thu design of an operationit. aystord of iissile mid-

couro guidance will *-,,. xv. to go fortrard " i-)nd bazis, but consider-

able further dovulopmont will be necessary on aonu of the more detailed
aspects of the system. In particular, more attention rauut be given to
the design of thu data handling equinrnt on the gzound, to tho gathurin
plhase problems and to the problems relating to the operation of the
receiving equipment in a missile.

Schudulc of' D,-wulapinwnt

I tem Tarz t Date

Completion of' baso irunting for acrialo. January 1956
(Final S bcu td, interim X band).

M odification of aircraft and mounting of equiIxaont. Start ay 1956
Corpletion juno 1956

Co:npj.,.t. ion of ground equipiwnt ard urcctioni ,ri site. July 1956

(Fis. ; 3 band, interim X band),

Completion of bass mounting final X band asscurbly. July 1956

Completion and erection of final ',. barl ciui4vient. DOccubcr 1956
Completion of trials on intorim equipmnunt. January 1957

Completion of base moutings at coastal sitte. Jarlrtai 1957

Completion of trials at Ewshot site. June 1957

Transfer of trials to coastal site. July 1957

Completion of trials at coastal site. Decouibcr 1957

End of investigation
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