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ROYAL AIRCRAFT ESTAFLISHMENT , FARNBOROUGH

Some Data on RTV1 Firings Relevant
to Future BeameRiding Trials

by

G, B, Longden, M,A,

SRIARY

By mid=June 1952, twenty missiles of the type RTVie had been fired at
Guided Weapons Trials Wing, Aberporth, in the course of the beam-riding
Trial C4O, This appears to mark an appropriate time to assess some of the
features of the trial which are subject tc random variations and call for
statistical analysis, These include the times of various events in the
course of a firing, as well as the slant range, velocity and dispersion
of the missile, Means and root mean squared scatters about the means are
quoted for some forty varisbles, and the distributions of the observations
shown diagremmntically by means of histograms,
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1 Intredustion

1.1 At some conveniont stage in the progress of any large and prolonged-
trial, it is desirable to collect and examine the detailas concerning one
or two aspects which are normally overlooked or taken for granted, Such
an analysis may set a standard of practicul performance with which to
cempars the tueoretical performance aimed at in the design of the missile

or %o serve as a basin for assussing thu porformance of futuro rounds in .
the same trial,

Not only is an early analysis usetul in the later stages of a trial,
but the rdata cellected may provide a basis for the more cfficient design
or futurc trials, whirh share any commen ground such as the same type of
launcher, or a similar Locst or sustainer meotor, In particular, trials
similar te tie cne considered biere are bedinp planned ot LEWE, Anstralia,
ard it is hopud that the prusent note may provide the answers to some of
the planners' questions,

1,2 By wmid-dune, 1952, twenty rounds had boen fired of the supersonic
buan=riding toat vohiele &TV4e, This appears to mark a cervenient stage
at which to reviuw some of the facts wwich are best clucidated by stati-
stical analysis,

The prosert nes. seis cut infermation cellented concurning Trial CLO,
he trial at TV, Aborporth, in whinh 2UVie misziles are guided along the

beam of a modifi~d St 54 radar 54, A bricf outline of the firings con-
sidored is s+t out in 4he $able formine Arperdix I, The purposc of the

. note 13 to presint o peneral pistur: of the course of any one firdng and

¢ to provide driails about a numior of featurss, These includes-

(a) the tine for $51line the mirsdile with 1iquid oxygen,
(b) the time at vhich maximum specd is attained,

(2) the maximum spoed,

() the time at vhich the beost separatea,
{e) the speed of the miszilc when the boost separates,

(f) the dispersion cof the missils af%er boost separation,

B

(g) the dispersion of the guidance beam gathering the missile,

(n) the time when the guidance bemm steadies for gathering,
(1) thc speed of the missile during the progremme, ;
(3) The slant range of the miscile during tho programme,
(k) the time when the motor thrust ceases,

g (1) the dircction or the radar beameriding axis,

The information concerning bemmeriding systems which the trials were
! dosigned to supply is not the subject of this note. Such results are
presented in detndl in reference 1, which covers the first fowr rounds,
and later results provide the basis tor comparison in reforence 2,

1.3 Almost the entire main toxt comprises a sumary of the resultés whioh
are dorived in o serics of appendicca, Gonerally each appendix starts
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with a table of observations gatheced from the details published by GWIW
abcut each firing, These observations arc then summarized in the form of

X & o, where X is the mcan and o, the root mean squared deviation
from the mean (abbreviated to r.m,s, scatter), These two parameters

suffice to specifyy a gaussian probability distribution .
ax (x-%°7
* . {- 2¢: 2 J ‘
(2m) oy e

whercver this can be regarded as a reasonable fit to the distribution of
tre observations,

Salient features of the gaussian prebability distrdibution are as
tfollows, The most probable valuc »f the variable x iz the mean value
X about whi~h the diastritution in stmetrial, Teviations (positive or
ncgativc) of the variabls x  from the ro:an value X of an amount preatur
than oy have a prebabdlidy 32., Lovintions greater than 2(7x hav: n
precbability 5., “herever it is not scary e dlscard outside chances, it
is a comon practice fo r rard the variable as 1rine betwoen X - 203
and X + 26,, and to irnors the 5, prebokility ghat it lies outside,
If the bound cn the varinble i net gsemeirizal but oneesided, it may be
noted that &4 . of th: prebbility aceru.s $c values of x  less than x+ Ty
or greatoer than x-oy,

Freguent referense oceurs throwhout the note to the angular measure
knovm as a mil, in orier teo sonfern with the d3al markdngs on US radar
scts, of which the around radar used for juidance is an example, the N
definition of the mil is that “L0O mils form one ~cmplets revolution,
Thus 1000 mils cqual 349017 roadian with the result that onc mil is only
approximately cqual t¢ one nillieradion, Jcnversion frem nils to degrees
follows from the ojtaiity 17,0 mils = 1 derree,

2 Cutline cr Trial 40

2,1  The PTV1e is a micsile of longth 177 fect, btody diameter 97 inches,
alleupwweight 15 lts with four wings of rectangular plan, steered by
allemoving tail surraces in an up-down and left-right tipe of contrel,

It was designed as a test vshicle for beaneriding gpuidance and control
aystems, The round is accelerated teo suparsonic speed by a tandem boost
comprising seven 5 inch rocletz, The boost. falls away f'rem the round as
soon as its impulse is spent ard the micsile flies on, powered by a
liquid fuel motor, which sustains the speed for a further twenty seconds,
The missile is pathercd in th: beam of an S°R 584 radar set, modified for
guidance and usually referred to as the 504G, The missile rides in the
guidance beam for as long as its speed provides enough lif't $o control i,
More details about the missilc and its equipment are avallable in reference
4 and in the bibliosraphy listed therec,

2,2 The course of the trial once the rcund has been prepared for firing
may be outlined roughly as followa,

(a) Approximately 500 swoonds before firing, Filling of the liquid
oxygen tank in the missile commences,

(b) 120 seconds before firing. A4s soon as liquid oxygen starts blowing
off', indicating that the missile tonk is full, the fire-controller
s’carfts an automatic sequence vhich fixes tho time of fire to occur

f E‘Jn"
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two minttes later, In the course of this sequence, the guidance
and contrel cirouits are warmed up on external supplies and then
swit~hed aver tc the internal batteries,

(c) 15 szconds befere firing, The vmbilical nlug is ejected, cutting
off all menitorin: of the mincile exeept by the tolametry,

() Firing. The micsile woaelerates up the launcher aligned at an
elovation to the heriuontal {(ovadrant elevation or (E) of 30 degrecs
on a bearing of 355 demrees,

(e) 3 seconda after firine, The boost motor separat:s from the missile,
Maximm cueed iooastained rewshly f osecond carlicr than this, The
art cof suparation iniviases an automatic scquence in the missile
vhich ipnites the susiadiper moter after § necond, switshes on the
rcll stabilinmation 4 SERalE aftur srporation and avitches through
the midanze c-memds & - eonds after neparation,

(£) & aemcnus ater Miring, An optical srasker to which the 584G has
been garged anl hnworined is alipned to within + 10 mils of the
sight line ¢ t'm; miceile and is then left steady, so that the
miscdle ~an rusever U0 4he boeam axias,

scile nas sottled in the steady

4 pattered, The progromme set
cmatis unit which moves the

(
10y an aut

£ 3exends alser f‘;ri.x:z. '.2” sus aim-r motor ccases to thryst and

i34 LO ft/secc. With
¢ aerodynomic 1ift
The programme for

Aftur trhis briefl cutline, the stoees in the ccurse of the firing
will be analrsed In geoadr dotndil,

3 Tillire with Limuid Ooveen

3.1 rte the £1illdn- - £ 1i mid oxypen has begun, the round must be fired
or alce left for many mur- until all the oxygen has evaporated and the
round warmed up again o ambient temperature, At any time before the
instant of fire, the roquones of cperations mar be storped and firdng-
prevented, but if a fault oceurs while there is oxygen in the misslle
tank, Miring ¢f that mound will be delayed for a day,

3.2  If all ~cea well, the irctant of firing ocours between seven and
eleven minutea after the start of tilling the liquid oxygen tank, The
firdng is unlikely to take place carlicer than seven minutes from the
commencement of filling because ot the time taken by the operation,

For ths tirst fow minutes the missile tank scarcely fills at all, since
the wolls are not suftiociently cool and boil away the liquid oxygen as
fast as it pours in. Iuring this period, the walls of the tank cool
until they are belew tho boiling point of liquid oxygen, and then the
tank starts to £ill, The instant of firing must not be delayed beyond
three and a half minutea affer the tank bucomos full, for if the cordite
expulsion charge is chilled too much, it falls to produce enough pressure
to initiate tho burning cf the sustainur motor,

3.3 Because there is no gauge to measure the contents of the miasile
tonk, it is difficuli to control the instant at which the tank beooms

3
4
i
1
:
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iull and starts to vent, Hitherto, there has been no need to achieve a
constant filling time, and tho figures analysed in Appendix II ahow that
the operation takes a variable time of

¢ minutes 33 seconds + 55 seconds ’

of which the first time represents the mean and the second the r.m,s,

scatter. These results were from 25 rounds of the type RTV! taken over .
a period of' four months, Greater consistcney appears among the last

twenty of these yor which the times wers

6 minutea 26 seconds + 37 seconds,

Over the last ten of these observations there was some attempt to achieve
a constant fllling poriod, and the resulting times vere

6 minutes % sesonds + ZA 3econds,

By controlling the rate of filling, i% mgy be possible to alter the
time at which the missile tank is completely full, but with no gauge on
the tank, it appears cptimistic to hope that the scattor can be reduced
below 15 =cconds, Ir it ~an be, and if it iz assumed that a gaussian
distribution applios, 955 of the filling periods would lie between six
and seven minutes,

3.4 As soon as the liquid oxygun tank is full, it vents a spurt of

"steam", This is reported to the firo-contreller vho initintes the auto- .
matic twoe-minute sequence te firing, Turing the two mimutes before the
sustainer motor is called upon to imnit., nbout 105 of the liquid oxygen
beilas awey and leoves sutfisiont ullase spane for the cordite expulsion
chargs in the next compartment to function preperly. It is necessary
that the oxvgen tank should be full a* the stoart of the two-mimite
gequence in order that the motor shall not il carly threugh laok of
OXYECN,

It sppears possible that if a rixed timlng sequence were required,
the initiation of the twoeminute segience onuld be delayed by up to a
minute if necessary, sc that it ~ould almost alwavs occur exactly seven
minutes after the comaencement of £11ling, Daring the delay, the acygen
bottle would sztand by and continue to pour ox:{gen into the misslle tank
in order to keep it full, Unless this delay in starting the twoeminute
sequence can be prolonged beyond a minute, t}*em is no dlsposable time
in initiating the sequence which lsads to tiring,

The variation in £filling time is a measure of uncertainty and is
not a tolerance at ths disposal of the fireecontroller,

3.5 During the two minute sequence, the guidance and control eqipment

is run up on external supplics, and monitored as a last-minute cheok,

At one minute to firdng, the 564G transmitter is switched on and at

30 sess to firding, the missile is awitched o its internal supplies, :
A quartor of o mimite is availsble for monitoring these, At 15 seca to v
firing, the plug oonnection is ejocted from tho missilo and all moni- -
toring ceases, except at those pointe which tranamit over the telemetry

channels, At this stage, some short delay could be introduoed bafore '
firing if it should prove neccasary, Hoating of the receiver iuposes an

Wrbmwpompa ton’ sma&atomywchpam asitc ]
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&4 Ioapersion o the iincilos

41 The act of firing oconvists of ieniting the boost metor, and is
accomplished through the automatic time awitzh which starts two mimutes
before firing. The rcund accelerates up tne launcher and mcves off with
an acceleration of about 15g,

The results detailed in Appendix IIT szhow that the round (comprising
missile and beost) attains a maxinum spued of 1581 ft/sec with an rem,s,
scatter of 22 £t/sec at a time after firing of 3,40 sues with an rem.s,
scaster of 0,25 sec, At approximately a guartsr of a secord later, the
drag on the boost exceeds its diminishing thrust, and the misaile flies
ahead since it experiences less Arag. This seoparation coours at a
miaszile speed of

-0

s oA 1‘?;/:,:%
at a time after firing »f
347 #0405 surerda,
The separation ocours at a slant range from the guidanes set of about
LA00 + 300 feet,

L2 The ast of separation initintes in the misrile a chert sequence of
2vents, CilRif a cerend after coparciion, the svstainer meter is ignited,
Saparation of the boost and irmision of $h: limuid fucl metor cause
mechanical sherks and vibration widnh any preduns cpuricus electrical
signals in both the roll-cinbiliication and $he rMuidanne equipment, For
this reason, ths roll stabilination in zswitthed on half' a sccond after
the motor hag lit,  After this, one acrond is Allowed for the missile

to attain ita rorrect roll attlituie bofore $he guidance signals are
switeh2d on,

L,3 Up %c abeout six ascconds from firing, the missile flies unguided,
Luring this perdiod it passeus threough the twe cporations of launching and
soparating frem the beost, toth of whiszh cause unpredictablz impulses,
Az a rosult of these, and also malaligmmunt of the boost and missile,
individual rounds are disporacd sbout the mean path vwhich they night be
expucted to follow under the influcnce of gravity and an ideal thrust,
Appendix IV contains n discusaion of tie obsurvations, vhish arc plotted
in various waya in Fign, =24, All these observations are referred o
a fixed straight line whish hax boen cnlled the gnathering line, the mean
of' the directions in vhich the rad-r beam is left steady during the
operation of gatiioring the missile into the beam (seo the noxt chapter,
section 542). This gathering linc is on the some bearing as the line of
fire of the launcher (bearing 355 degrees) and at an clevation of 19
degroes sbove the horizon, 11 degress below that of the launcher,

L. The displocements of the rounds from the gathering line at 4, 5

and 6 seconds after firing are shown in Figa, €, 7 and 8, These are
followed by Figs, 9«18 which rvsolve the displecemonts into up/dovm and
left/right asomponcnts and portray the distributions of these components.
Four of tho drowings concurn the Aifferonces between the succesaive
readings and so ropresent tho mean lateral volocities of the rounds, The
final threo figures mmbercd 19w=21 show the disporsions of the rounds os

' they would oppear in a telcscope centred on the gathoring line, Of the
- pMfteen rounds which were still flyirg at 6 seconds after firing, all .-
_.appear to stay within a field of viow of » 4 dogrees betwean k. md 6
sesonds from firing, - The 6irele on the figures shows the

Flla of view
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of the present optical tracker (55 mils = 3 degrees in radius) and it oan
be seen that twelve of the rounds remain within it over the same period
L= seconds, It seems that at scme instant, all 15 rounds would have

been in the view of the present optical tmker if it had been pointed
along the gathering line,

4,5 The table below sheows a brief summary of the displacements of the
missiles from the gathering line at four, five and six seconds after

[ERRSPRPEIR -

firirg, ‘

Displacemonts of Missile from Gathering Line
Gathering line is a% elevation 19°, bearirg 355°,

Time after firirg (seconds) L 5 6 ;
Tisplacemont 1/R| v /Ri wp | LR, !
Nean displacement (feoot) <700 50 o6 =571 3|
ER.m.:. seatter {feet) Shl 105 1921 140 2u+§ 18&;

The distributions of these observations appear te vary as the time
increases, Just after acparation of the boost at four seconds after
firing, Fips, 9 and 12 show that a nommal gaussian distribution would be
a reasonokle fit tc both the distributions of the left/right and up/down .
components cf the displacments, At five seconds after firing, Figs, 10
and 13 show evidence of three humps in the distributions, and by six
seaondas after firing, there is a distinet indication of a triple-pesked
distribution of the components of tho displanarents, d

5 ] the Misslles

5.1 Once the g\namme eqmipment in the missile has been switched in

(between 5% and 6 seconds after firimp), it is possible to gather the

missile into the guidance radar beem, SmM the diresction cf the radar ]
beam i3 immaterial for the sondust of the trial (apart from the safety 3
limits of +he range), it is possible to point the beam roughly at the

missile and allow the boom riding puidance to steer the missile into the
centre of the beam, This completes the pathering phase, It dispenses
with the nced for separatu gatherizg equipment, which would be essential
in any bemn-rzdmg weapon systan vhore the guidanr-e ‘radar would nommally
be engaged in tracking a target,

5.2 The means adopted for gatherdng the miszsile is to gang the dish of
the S5CR 5840 to an M2 type optisal tracker which is controlled by two
cperators, onc for elevation and one for bearirg, (See referemce 4,)

As aoon as the sight line from the optical tracker to the misgile becomes
reasonably stationary, these operators contre the crossewires of their
telescopes on the missile, When the missile appears within a box + 10 mils
from the centre, the optical tracker is left steady (referred to as
Vlocking' tho beam) and the missile allowed to recover into the stationary
beam, The mean of the dircctions of the guidence beam when it is left
steady for gathering tho missile has been called the gathering line, It .
is at an elevation of 19 degrees above hordzontal, on a bearing of 355

degress, It points at an elevation 1" 8egreee below that o!’ the hmaher
ard on tha suoe bemi.ng,

-
e <o T
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choosing the line ot fire 3%Y degrees so that the launcher bears atraight
away Trom the optical tracher und the radar, However much this reduces
the turning neceded in arimuth, high rates of turn (50 mils/sec) ave still
needad in elevation, Nov that therc are available the results on disper-
sion detailed above, it appuars to be ponsible to leave the optical tracker
centred on the gathering line, and to walt until the missile appears in

the £iold of viow before moving it, By reducing the eclevation turned
through from 350 mil: to about 5) mils, this might help to speed the
cperation of gathering,

4 cannct be Ol'puctud to reduce the dispersion of the beam about the
gathering line, Tho twelve obmrvatxons of beam dispersion considered in
Appondix V are plotted in Fig,27, This may bo compared with Fig.21 which
shows tho dispersion of the nl.s..lus at £ aeconds after firing, i.c. at
about the time vhen guidanc. is switched in, The scatter of the beam
directions after the nisciles have buoorn prathered appears no larger than
the seatter of the sisht lines e the missilen just before gathering,

This implies that the present tuohnique of gathurding is reasomably cffi-
eicnt and contributes very little to the dispersion of the beem about the
gathering linc,

5.4  The cbaervations from which Fip,27 was drawn are listed in Appendix V
together with the details of the ~1"tmbu"iem mggested for the elevation
and bearing of the guidnncee bown when is held stcady during gathering,
These distributions are not simple. npnu.niax. on:s but nced to be triple-
humped to ¢ orrcspond with those of the dispursion ~f the misszile before
gathering, The actual distributions of the obs:rved beardngs and eleva-
tions are shovn in Figs. 25 snd 26, The cutceme of tie discussion in the
append..x iz that abous 95 of t".c rcunis are gathercd on bearings between
+ 55 mils (& 3 degross) of the ldn: of fire, and 25 of the rounds arc
gathered at elevations botween « L mils (& ‘_.5 degrzes) of the gathering
line, vhich is at an elevation of 330 mils {19 deprcos) sbove horizontal,

5.5 The slant range of the missile whon the guidence beom becomes

steady ia
C3C 4 1600 foet,

The time after firing st which the guidence beam becomes stcady is

6,80 + 1,03 3uconds.

%he mean of these times is only one sccond after the missile guidance
has been switched in, Since the puidence besm does not move vory repidly
Jjust before it comes to rest, it appears that many of the rounds commence
recovery into a nearly stationary beam as soon as guidance begins,

If the distridution of the times to whon the boam steadies is
assumed to be gauss:.an, the boam would have 95% probability of being
stationary by 8,5 scoonds after the instant of firirng., Since the misaile
may sppeor as much as 10 mils from the centre of the beem when it steadies,
ashout 2 seconds must be allowed for the rocovery from this displacement,
Thus it is considered that by 10 sononds after firing, most of the mis-
siles have boon gathered into the gnidance bom, ond it is posaible to
start up the pmgrme set for the trial,

6 ,Mmm

R ?orﬁxanmﬁ 8608 aﬁergathar&ngmm«amlaﬁea,m
_in Qirected by movements of tho gaidanico bomn socording to the 4
'. , -It. 38 thown in Appendix VI that, dirirg this psricd
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- individual misailos inorcases from a
fost/socond to one hundred and f£ifty feet/ssconds

from the guidance act more than doubles, Figs, 31=35 show the distribu-
tions of velocities at 10, 15, 20, 25 and 30 seconds after firing and
Figs, 3640 show the corresponding distributions of slant ranges,

The mean speed between 10 and 25 seconds affer firirg approximates .
closely to a constant deceleration at 10 ft/sea” from 1380 ft/sec to
1230 ft/sec, An approximation based on the same deceleration appears to
fit the slant ranges also, Figs, 41 and 42 show the fitted approximations .
to the velocity and the slant range of the missile and indicate the mogni-
tude of the r.m,s, scatter, The scatter of the actual observed speeds
about the fitted mean curve is considerable and irncreases almost propor-
tionally with the time after firing from 6L ft/sec to 160 ft/sec, This
has been indicated by the broken lines in Fig.A41, The r.m.s. scatter of
the obacrved slant ranges obout the fitted curve appears to increase
almost as the sqiare of the time from firdng, increasing from 400 feet
to 1700 feet,

These facts suggust that all the missiles achieve roughly the some
speed soon afier launch bul that the individual rounds decelerante at a
rate which varies from missile to missile according to the distribution

10,0 + G4 £t/sec? .

6.2 The motor was designed to maintodin a constant speed of 1300 ft/sec,
At the heights reoched by the missile during the programme period 1300
ft/s2c represents a Moch number of M = 1,2, Much below this speced, the
acrodynanic stiffness of the nissile responce falls away and the control
becemes undesirably slack, By 25 su~onds after firing, the average speced
of the missilue has fllen to 4230 ft/s0c (M = 1.,14). It is showm in
Appendix VI that at nbout this time the motor censcs to thrust, after
which the deccleration is repid at 4O ft/zec®, At 28,7 + 2,7 seconds ,
after firing, the miccile opeed folls through the value 14060 f4/sec, By

30 seconds aftsr firing, the aversge opeed of the missiles is sub-sonie,

For this reason, it is generally arranged that the useful part of the

beam progrorvac is completed by 25 scconds after firing,

7 Cenclusion

7.1 The note has shown how a missile type RTVie is fired in the course
of Trial CLO at GWTV, Aberporth, The apesd, slant range and dispersion
together with the times of major events in the course of the firing have
been sumarized for the first twenty rounds fired up to midwJune, 1952,

7.2 During the operations of launching and boost separation, the missiles
suffer random dispersions resulting, at six seconds after firing, in dis-
placements from the mean of the order of 200 foet md lateral speeds of the
order of 50 feet/sccond, If the present optical tracker had been pointed
at an elevation eleven degrees below that of the launcher elevation of
thirty degrecos, and on the same bearing, all the missiles would have
appeored at scme timo inside its & 3 degrees field of view, With a field
of view of + k4 dogrees, all the missiles which were still flying oorrectly )
would have been visible over the whole time interval from four to six s
seconds after firing.

7.3 During the progreeme period from ten to twenty-five seconds after .
mw ::;g misasile, the average spoed of the missiles decreases at = 4
10 £t/sec” from 1350‘&/560 to 1230 f£t/sco, Tho scatter in spoeds between

root moan squered deviation of sixty .

g the: some ‘pordod, tho mean
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7.4 From sixty detemminations, the beameriding direation of the guidance
radar asrial measured by means of a wingeaerial mounted on a maat sppears
to be invariant relative to the radar dish. Relative to the reference
telescope fixed to the radar dish, the beamwriding direction is at an
elevation of 11,6 mils down and a bearing of 1,1 mils left. The accuracy
of each determination of the beesmeriding direotion has a root mean squared
scatter of 0,7 mils in both elevation and bearing. The acourasy of har-
mondzing a rovable reference telescope with the beamwriding direction
has a root mean squared scatter of 0,8 mils in both elevation and bearing.
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APPENDIX I ‘ ’
Summary of the Firat Twenty Firdngs in Trial CLO

Round |Projectile| Date | , :
: Number | Nwmber | Fircd | Remarks
1 144 11.5.51 | Exploded about time of boost separation,
2 246 31.5.51 | w0ll gyro precessed and provided wrong
. datum, Rode beam but in a divergent spiral,
|
3 215 12,7,51 | Broke up sbout 12 seconds after firing.
{ Gathcering and recovery into the beam
5& suszessful,
L 219 31,8,51 | First successful beam riders beam stationar:, -
218 44.10.51~ 01l unit failure: solf destroyed 1L seconds
- after firing,
'3 a3, | 12,11,51  Exploded sbout time of boost separation. ,
7 217 | 10,12,5¢ Failod to rollestabilizes solf destroyed
; i 10 suronds aftur firing, '
: ' !
' 8 28, . 12,12,51 ! Suencesful night shoot, Rode a beam i
i - stoepped through 6 mils to the right at -
él © 23 seondn. !
A ; i i
9 235 ' 28,1,52 @ Inturmittent fault between guidance and :
! ¢ ~ontrcl equipment, !
10 287 | 29.1.52 | Propulsion failed, ; ;
_ 14 236 | 26,252 | Rode bean stepped to the rigtt., Thrust of | :
g , moteor ceased carly, ; :
12 286 27.2,52 | Propulsion failed, !
C 13 285 [ 5.3.52 : Failed to remain in bemm moving upwards at l
!

20 mils/ses,

1L 288 11,3.52 | Successfully rode beam moving left at
10 mils/scc,

15 300 12,3,52 | Exploded after violent boost separation,

16 349 26,3.52 | Rode beem stepped diagonally left and up.
Thrust of motor low,

17 355 745452 | Faulty beom programme,

18 330 23.5.52 | Rods bemm stepped diagonally. New cone
figuration with acceleramoters forward,
, ‘ Fins locked 20 seconds after firdrng,

19 | 38 | 29.5,52 | Failed to rempin in bemn accelerating left
: : . | at 5 mils/sec® up %o 30 mﬂa/seo. llcﬂm'

| fatlure ot W mma.
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APNDIY I
Time for rilling Mirsile with Liquid Oxygen

Observation
Trial

Round number 6o
Projectile number : 280

Date, 1952, . 11-2] $1-2| 2 5.3

Time (mins & seos) |5u 2 {5m L9 5m 065

Observation i 11 15
A3/4
17 I ‘ 17
337 .
21-31 2631 2 7-5

Trial 51 L0

}
Round mumber ! 15 i
Frojectile number & 302 ' 304 t
: 9 {

Date, 1952, 5 1"-3‘ 1223

Time (mins & seca) |ém 08,6m 08! 7m 15:5:-: )A}Tm 04 7 Tm 00

Observation 17 18 19? 0 22| 25| o

¢
'

Trial VARSI IR 29 | w0 | o

Round number 20 22 | 39 | 50| 19| 20
Eis%f y | 382 | 348 | 350 | 384

1
Date, 1952, 125] 16=5] 1h=5] 20=5i 23=5| 26=5| 29=5| 17-6

Projectile rumber | 246 | 24,7 | 328

Time (mins & secs) (fm 33{7m 02!7m jn{Fm wiém 30ifm 12/ ém 33|6m 29/6m 00

N

!

The filling times quoted above were supplied by ¥r, R, J, Puller of GWTW,
Aberpoerth, They are plotted in a histogram in Fig,1.

Take an origin in time at 6 minutes 30 seconds, Sucoessive devis -
tions fyom this are (in seconds):=

w53 4202 i1 42 435 7 wfh w56 w22 w22 443 =36 3
+60 430 @3 43 +32 460 16 +0 18 +3 1 30,

Thuz the mean observation is -51-5. x 70 = 2,8,

" Sqyared dmmiam maybem%en Mﬁmwercﬂm oratablelf
.‘memmmmy. : e o
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Therefore, the root mean squarcd deviation from the mean ia

54,52 seconds,

The observations may be Jesoribed by a mean and an r.m,s, scatter of
6 mins 33 scves + 55 seconds,

By a similar analysis, the last twenty observations give a mean and r.m.s,
scatter of

6 mins 26 sces + 37 seconds,
The last ten observations give a mean end an r.m,s, seatter of

6 m.13 I ncas + 24 scconds,

The histogram of these obtsecrvations chown in Fig,1 indicates that the .
results would be reasonably revresented by a goussian eurve apart fram the
second observaticn, There appiara io ve some tendenoy to skewness with
higher probability of posiiive deviations from the mean than for negative
deviations, This is understondable sinc: the operation of filling is
certain to take up at lonst soms particular length of time whereas it
might last out ovor eny long interval,
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AFRDIX IIT

Times and Velocities at ilncimum Speed and Boost Separation

Round ramber L0/ ‘ 1 E 21 3 2 L .5 I‘ I 7 i
llaximua speed £/ 30 i 1ms§ 155¢ * 159¢ - 1590 !1550‘ 1550 | 1560
Time 3ons | 3350 5,30 3.55 | 3,30 | 3,65 | 3.65 | 3.5 i
Speed at svparation f£t/aca : - 157@ 1575 § 1575 %151& 1540 | 1547 -
tine sea - )3 55 | 5069 | 3460 §L.O7 409 | 3,64 ?
3lant range theusands | - 3.7 3.7 1L,2 L.8 - L0

f feuot | ; i :
Reund rumber L0/ 8 9 E 10 11 [ 12 13 1 ﬁ
Laximum speed ft/ses | 15801 1532 ] 1575 | 1591 | 1649 | 1€13 §1579 ,

Time nces

56| 3,35 3,20 | 3,43 | 2,96 | 2,93 | 3.5¢
1550] 1517

e ek i 5 <rarce Atnmrm e
\n
e

Steed 2t soparatien  £4/sen 1656 1 1574 | 1605 | 1608 | 1574

i
. | .
Tima 3uns P 3700 3,581 3,50 | 3.66 | 3,201 3,28 13,80
Slant rarge thousands { Lo} 3.7 L0 |40 13,9 1 3.6 [4,3
cf feot |
Reund rumber L0/ a5 6 a7 | 18 [ 19 | 20
H n
Maximum speed M/ sen f 15851 1550 4579 | 1580 § 1400 - .
Time 5905 | 30500 3470 | 3067 {330 (3,20 | - | ’
f 1
Spoed ot separation ft/ses | 1580 15461 1565 | 4572 11597 = | '
i
i
Tine aeos | 34RT| LaOT| La00| 3,61 3.39| - i
! ; e
Slant range thousands t - Lol I hef 442 1L - i
af Tast | ! . 5
These results have been ¢cllected wherever poussitle from the minutes
of the firing conferonces held poriodioally at RAZS, Farnborough to consider
the resulis of each riring.
Succesaive ebacrvations of the miszile speed are quoted at intervals
of sbout one twontieth of a sweond, The times quoted in the sbove table K
are lisble to crrors in measursment considerably greater than this, The g
time of maximum volocity if measured from a graph requires estimation of i
vhere the penk of o ourve lies. If it is read from a tsble, small errors 4

in the measurement of the spoed are likely to disguise whers the tyue

. moxdmun ocours. The time of boost separation is liable to varying inter-
* pretation betwsen differant observers scsnning the films or ‘telemetry -
" 'records, and this has produced a ﬁ.wmmy bom«x tm airram ontlie’

R ‘xaates i’nr ﬂevmd ‘l&. oi' G,{)e , -
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The 19 observations of maximum speed give a mean and an r.m,s,
scatter of

1581 4 22 ft/neo,

The 19 observations of the time after firing of maximum speed give a mean
and an r.m,s, scatter of :

3.40 + 0,25 seconds, ‘ '

The 18 observations of the missile speed at boost separation give a mean
and an rem,s, scatter of

1566 + 24 ft/sec,

The 18 observations of the time to boost separation give a mean and an
r.m,3. scatter of

3,67 + 0,25 seconds,
The distributions of these results are wiown in Figs, 2=5,

The observations of the slant range of the missile when it separatcs
from the boost have been real from the published sheets of the radar
range, No such records were published for rounds 6 and 15, both of which
exploded soon after scmaration had ¢aken plase, The observatiocns for
rounds 11 and 13 were read from the kinuetheodeolite determination of
renge since no radar ranges were quoted in the vieinity of separation. '

The 16 cbservations of the slant range of the missile from the
guidance radar at tcost separation rive a mean and an r.m,s, scatter of

L1 ¢ 0.3 thousands of fect,
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AFYEHDIX TV

Dispersion of the 'lissile at Lanch and at Boost Separation

Displacement of the Kisusile from the Gathering Line

at L, %, € scoonds after Firing, .
Displacement fuct . Avorage speed ft/sec |
Time } ! | | |
after L seos | 5 cens | 6 sces | Le=5 scos 5«6 Becs !
Firing i ; 5 -
Round Do ba | ’ ‘ ‘ |
Number L/R ;U/L f I«'/R_'LU/D iL/R :U/b iL/Tf U/D I/R ;U/D
f 1 ' )

2 203! 112 305 176 | 43| 185, 102] 6L| 108| 9

3 “151] 182 ~20441 46F| =311 132! 90| -16| =70 | -3

L “1391 L6 e 4330 4610 197 1357 B7] 165 €

5 10| 29| =23| =370 =46 =99 =33 =8| =23 | -62 |

7 700 w431 60| W50 20 =341 -10| =2| <40, 11

8 ~231 1717 17} 5., 201 3350 L0| 83 3| 8

9 121 5] 3321 570 X i X <120 8l x| x

10 -1751 =39, =250 =53 . =336 i «78: 75| =14 =86 | =25

11 -137( <Bi-2f2] «Hio3M6; «1€, 275, 1) W04 | <7

12 2300 4| -530 2230 Ssei 270 23| 82| 4| 47

13 ~L71 830 w3761 73] <4531 247129 95| ~77| €9

15 1501 =391 202’ -2 257 =i 52| 37| 55| -2

16 661 =711 871 w750 951 =901 24| k| 8| <15

17 2 =97| 5| «B2. -3 =661 «15| 15| -18] 16

18 ! 501203, €51=260! 95 |=366: 15| =64{ 30 =97

19 117 o75l w3081 601377 |3 911 1 B9 57

These distancss and spceds have been calculated from the records of
missile posificn obtained by kinee-thcodolitos, They are moasured normal
to a fixed dirceiion which will be called the gathering line, since it is
the mean line on which the missiles are gathered into the radar beam,

This gathering line points frem the guidance radar set at an clevation of
19 dogrees (338 mils) above the horizon on a bearing 355 degross (-89 mils
from true north). As rcad on the dials of the SCR 5846, this dircction
would bo at an elevation of 340 mils and a bearing of =105 mils from tho
radar north., The launcher from which the round flies points on the aame
bearing as the gathering line but is inclined at an elevation of 30 degrecs
above herizontal,

The kine=thcodolite dotermination of thoe missile position is quoted
in the publishod trajectory data sheets in the fam of three coordinates C
bascd on the guidece radar as origin: the hoight H, the northing N R
and the easting E., These coordinates are referred to the line of fire
so that the northing is meamured along a horizontal lins on a bearirg
355 degrves, the hcight vortically and the casting normal to both the
other direotions, Thesc distancos should bo acourato to within 5 feet,
They may be converted into displacoments normal to the gathoring line,
X the left/right displaccment and Y. the up/down displocement, by means
of the following relationsi= ‘ . : :




Tech Note No, GF 239

These displacements X and Y can be caloulated for the instants shommn
in the published data sheots, which are aspaced at intervals of time a
quartor second apart, The displacements at L, 5 and 6 seoonds after
firing are found by interpolating.,

Tho displacements of the rounds at 4, 5 and 6 seconds after firing ’
are plotted in Figs, 6, 7, 8, Since scuparation of the boost ocours about
347 seconds after i‘u':l.ng, the displacements at L seconds after firing are
almost cntirely due to the dispersion of the round off the launcher.

Figs, 9 and 12 portray the distributions of the left/right and up/down
displacements scparatcly and show that both sets of displacements are
grouped closely together, By 6 scoonds after firing, the effect of any
extra dispersion at boost separation has became apparent, At this time
the guidance signals have only Jjust been switched on and so have not had
much time to take offcet, The separate distributions of the left/right
and up/dovn displacements aroc shown in Figs. 10 and 13 for 5 scconds after
firing and in Figs, 11 and 14 for 6 seconds after firing,

The average latcral speeds over the time intervals 4=5 seconds and
5«6 seconds may be deduccd by subtracting the values of displacement
quoted above., These velocities form the last four columns in the table,
The distributions in the lateral velocities in the left/right and up/down
directions are shown by Figs, 15-18,

The following table shows the mean and r.m.s. scatter which is pro-
duced by n~ombiring all tho obscrvations-4n cach of the ten columns of the
toble osbove, This too shows how the dispersions of the missiles open out
a3 the time increases,

&}t:u:: Number Mean Rom. 8, ! .
Observation of scatter

(s ec!? observations | (feet) (foet)

I Left/Right displacement 16 o7 13

5 " 16 w66 192

: /Rig ' :g -27 2%
L5 Left/Right speed -19

5«6 ® 15 -3 72

L Up/Down displacement 16 4 105

5 " 16 26 140

6 " 15 b3 181,
45 |Up/Down speed 16 23 47
56 " 15 -1 50

G £ e

Inspection of Figs, 11 and 14 which show the distributions of the displace-
ments at 6 seconds after firing indicates that the missiles tend to sort
themselves into three groups, There is little sign of thres groups
present in Pigs, 9 and 12 which show the displacements two seoonds sarlier,
and so it moy be deduced that the ast of boost separation either imparts
to the missile a large impulse or a small one, With reference to Fig.i4, .
the missile oither surfers a mall shock and fliee on with smell dwiation
nke oight of the rounds, or elsa it diverges upwcrd; like rounds 2, 3, &,
12, 13 or dowmwards liks round 18,

mmmmnmmmamm,mmamu
sble. 0n & basis of the-s/doms velousty, 14 svpesrs possible do
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observed straddle the boundary, However, on a basis of up/down displacu=
ment, it appoars peasiblu to sut a similar boundayy at 100 fest from the
chosen origin, and this suggests that the aix rounds 2, 3, 4, 8, 12, 13
flew high., Thu inclusion of round 3 amongat the high flyers is not zurw
’ prising since it eppoars to have undergenc an unusually small tipeoff
from the launcher, and so was alrcady {lying high by the time o1 boost
separation, At scparation it suff.rud only slight further dispurzion
and so does not mpear nmongst those with a larp. upward veloeity, It
may te noted that the launcher was chortened after a few rounds had be.n
tired in this triel, which may arrount for the carly rounds flying highur
than the latur onca,

In a similar wvay it 15 possible te st a lower boundary at =50 £t/son
in terms of up/drvm spued and =100 oot in tenus of up/dovm displacemert,
This leads te the ~onelurnion that reund 18 flow low, All the remaining
ninc rounds verw -~omparatively undeviatod at eithor launch or scparaticon
and betwern Loand A secends after DMadng flew within 106G foet of the
gathering line with a Zateral cpoed 1uss than 50 £4/scc in the up/down
dircetion, .

Sindlar considerations apply to the 1oft/right coordinate, vhich is
the horizentsl ilm las sert from the vortinal rlans containing the line of
fire and the pathering line, With thece horizontnl deviations, the dise i
tinction butwean lofi, niddle and right ©iers i3 nore diffimult, )

Based on a greurdry dnte veloelsics, sl following table summarizes
the inf'ormation as 2 mean and refefe 57atdur over the perlod 4 to 6 seconds
after firing,

Avirns s Lateral Sueed frem A to £ seconds

i i
Number | ‘Rym,3, '
Direstion Round Nusbers of Nean {acatter |
' | Cbscrvationa | F¥/sen M/sen :
iiorizontalg All 1€ «10 71 , ;
Left/Right) Tuft 3,2,10,11,13,19 6 =92 12 N
diddle’ 575, 12,16,17,18 7 o~ 21
Right | AT 3 102 | 39 |
; ‘
Vertieal; ! AL 16 1Mo oa7 !
Up/Dovm Up ' L,8,12,13 4 7 A
Middlei2,3,5,7,9,10,11,14,16,17,19 " -% a2 !
Dowm | 18 1 =32 o

Based on the same grouping as in the table obove, the following table
shows the left/right and up/dovn displacaaents from the gatherirg line at
four, five and six scconds after firirg,

- /fGroup
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A canparison of the diastribution or the vertioal displacesents in
Fig, ik with the distributions of vertical velocitiea in Figs, 17 and 18
shows that there is considerable correlation between the displacement of
the missile and its speed normial to the gathering line. Considerable 3
. correlation may be expected between the position 6 seconds after firing 3
and the mean velocities s'or the previous two seconds since the position 1
of the round is the cumulation of the ariect of its lateral velocity.

. The corrclation coeiricient between the up/dovm displacement of thu
round € seconds aftur firing (Pic.14%) and the average up/dovm velocity
betweun 4 and # seconds is
", 503,

Similarly, the horizonial displacement or the missile (Fig.11) is corre=
lated with the horizontal lateral velocity with a ~ettficient

0.0k,

As o turther step, i% apr ars netural to invastipate the zorreletion
between the pesition of the round about the time of boost separation (at
4 scconds affer firdng) and the mean lateral velocity subsequent to thia,
The sorrelntion betwem the up/dowr. displacement of the rounds L4 scoonds
aftor firing {Fig,12) and the menn up/dowm volooity betvewn & and 6 seconia
after firing has o coefricient

b 00£97.
The corrssponiing ~ouffhelent betwewn the loft/right displacement (Fip.?)
and the mom letd/right volooity jus® ~réervards is

7T .

Thene coefficionts maan that ir, for uxwmnle, the up/devn displacement ¥

. of the missile & sgconds after firine is wnown, the uncertainty of the
up/doim velezity U z2on be reduced fram an rehes. siatter of L7 £1/5e0
to 34 ft/sez; by using the repression line

.

T = 0,316 T+ 9,

This line repreaents the best siraight line £it between the velocity
nd disvlaocencnt in 4he sunse of least total squared disversion nbout it,
In other words the sanster in the up/dovm laternd velosity atter boost
soparation may be resolved into two components. The total root mean
squared scaster of 47 t4/3e¢c may be ascounted for by a scatter of 33 £i/sce
which depends linearly on the pesition of' the round together with a scaticr
of 34 ft/s3ve which is independent of the position, It may be assumed that 4
the cause of the scatter whish is indepundent o position is e random ;
impulsc arising during boost sopearation,

Similarly correlation with ths left/right dispersion X at L sgeonda
after firing can reduce the uncertainty of the left/right velocity X in
the next two seconds fyom an r.m.s, scetter of 74 £t/scc to 47 f£t/sec, by \
using the rogression line .

X = 0.3955 X+ 5.

Thus the total root mean squared soatter of 74 ft/sec in the left/right
veloodty betwoen 4 and 6 ssconds after firding moy be rosolved into a
' seattor of 53 fi/sec vhich doponds linearly on the position of the round
"~ at 4 seconds aftor firing togother with o scatter of 47 tt/sco arising -

fran boost soparation, -

Tha oomponents of tho Volebdty soatter may bo Tesolvod still further
" by tonsidoring the causes of the latoral ‘displaosionts of the rounds af:
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after firing were duc entirely to on impulse dealt to the round as it
left the louncher, the horizontnl lateral velocity at 4 seconds after

i firing would be X ft/sec, On the othor hand, if the horizontal dis-

: persion builds up from an acceleration due to misalignment of the boost, !
the horizontal lateral volocity at L scconds after firing would be 1 X ‘
ft/sec. Since the observed vilocity lies butween 0,25 X and 0,5 X, it )
appears that the mean lateral velceity after boost separation can be
accounted for by o combination of these two camses, Since , corresponding
to a particular displacement of the round at 4 seconds after firing, the
velocity caused by misaligrment of the boost is twice as large as that
caused by launchirg dispersicn, it is possible to assess the relative
sizes of' the contributions from each cause,

Suppose that tha scatter in the lateral veloeclties of the rounds
afiter separation arises from three independent couses:

(2) lounching dispersien - a randen impulsive velocity arising
vhien the round leaves the lmncher crused by cross-wind or
tip=offy

(b) boost mis-ligament = a 34uady acocleration up to the period
of boost suparation duv %o n misaligmment of the boost;

(2) coparating dispersion - o random impulsive velocity coused
by shocks at boost separaticn,

The folloving teble shows whet ~ontributions to the final scatter come
i from cach of the 2nuzes, ’

R

R

Szatter in Lateral Velotdty butwsen L and 6 sccoonds after Firing

casurced in f$/a22 root mean smared normal to the gathering line
(:levation 19 deprues, bearing 355 degrecs),

Origin of ssatter | Lert/right | Up/dom |
Lounching dispersion 2, 23 ‘
Boost misaligmment L7 23 i

! Scparating dispersion 47 34 i B

Since theso results aru based on {iftcen observations, it is not wise to
place teo much reliance on the prucise values of the seatters, It
appears that none of the threc causcs considerod are negligible, but
thot the launching dispersion is the least,

ono final tost of dapendence was made with estimates supplied by
¥r, Jowett cff GWIV, Aberportn, of the ground level wind spoed across the

line of fire. These showed that the horisgontal displacement at 4 seconda R
after firing wnas corrolnted with crossewind speed with a coefficient

0.8,
' This is sufficient to reduce the uncertainty of the left/might dimplece~
- ment X from en rem,s, scatter of 139 feet to 84 feet by use of the
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The reunds tend to veer inte winl as they leave the launcher and an
allcwance for the eross wind could reduce the horizontal dispersion by 4.
This high correlation is reduced by the urcertainty of the deviation at
boost separation 2o that by the time the missile has boeen gathered, the
degree of correlation between horirontal dispersion and wind speed is
' reduced to about 0,5,

One of the main items of interest concerning the dispersion of the

. rounds after launch and boost acparation is the angular field of view
vhich would be required by a telescope in order to irclude all the rounds,
It is apparent from the preceding remults that the spread of the missiles
between L4 and € seconds after firing is roughly centred on the gathering
line, This line at an clovation of 19 duvgrees and on the same bearing as
the lawrncher is taken to be the optisal axis of an imaginary telescope,
Figs, 19, 20, 21 shuw where eath of tho reunds would have appeared in
such a telescope at times of 4, 5 and & seconds after firing, These
diagrams have been plottod from results obtained by dividing the lateral
displacement of ecach round by its slant range at that time, It is worthy
of cemment that the lert/right angular misaligmment derived in this way
differs by a factor .qual tc the mosine of the angle of clevation frem
the bearirg of the round as measured from an alteazimuth mounting, While
the misalignment secn in the telescope is mcasured by the left/right dis-
placement divided by thoe slant range te the missile, the bearing of the
missile is the displacement divided by the greund range.,

The alant ranges at 4, 5, ¢ ctoonds are swmnarized in Figs, 22-24,
They arc measurcd like all the kine dénta from the guidance radar as origin,
The launcher is situated reughly 600 foet in advonee of the radar along
the line of 'ire,

Slant Lngres of Tisciles

§ Time after firing (sees) i L i 5 'S ;

s amber of observations g 16 k 16 15 ;

i lean slant range (fuet) i 1420 | 5950 | 7448 |

i :

! Zem.s. soatter  (feet) ! 20 | 230 21;0‘19 :

These are rounded to the nearcst ten fest,

The following table shows the angular misalignments of the indi-
vidual rounds from #hich Figs, 19«21 were plotted, The last three
columns gmote the individual slant renges of which the table above ia

a swunmary,
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Positlon of Missile Referred to the Gathering Line

Tech Note No, G 239

1
Misalignment ~(mils) Slant Range (i'eet)_J
Time i ! :
after 5 6 ‘ L 5 6 }
Firing ! |
Round , : .’
amber | WR| VB WR) U/ TR U/ |
2 K7| 26| s52) 30| 5| 25 4430 6000| 7500 |
3 “0| 48| =45! 31| <45 | 19| 3830 54101 6920 |
4 =32 10 -1 2 2 27, 4701 59301 7350 !
5 2 «? b =7 <7 | ik | 4150 | 56807 7200 |
7 16| =10 10 wd 3 <51 L350 5860 7270
8 =51 39 3043 3] 45| 4520 40u0| 7530 }
9 59 1 «15 1 &85 =10 b4 Ly L4307} 5950 X
10 -39 =9 L2 =01 <46 | <11 ] 4510) 6010] 7450 i
11| =30| =2 -35] 2| <3| -2 4590 &110{ 7570 |
12 e 30 -9 34 - 351 LB20! €350 7820 |
13 «53 181 =K1 29 | =59 2] L7704} 6330] 7850 |
1L 35 -0 35 0 35 -1| 437C| 5%920| 7450 |
16 1 18] 160 -t 1, | <131 x120| s620! 7110 |
17 £l 23 10 =u{ =2 | =9 L330| 5860] 7360
18 12| 7| 1] 6| 13| -50| &430| 5980| 7500 !
19 <481 «17| =517 ~lL| <501 -19| LAOO| 6160] 7690 ,
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Toch Note No, G 239

»

The determination of the direction of the radar beam when it is held
steady for the purpose o1 gathering the missile is not o simple matter,
The radar dial readings which are photographed betwoen 18 and 25 times
per socond throughout the missile flight provide smeme indication,
However, the dials can bu read to only the nearest mil and may not be
sufficiontly acouratc to give a readirg ccorrect to onv mil, Furthermore,
the zero dircetions of the dials are set up with referoncs to a telescope
fixed to thu d.ish, and not the dircetion of the rndar beam, For thuse
reasons , it was decided to @stablish some check on the dircction of the
radar beam,

The table above details the steps in deriving the bearing of the
radar beam for cach of th: fiftoen rounds vhish were atill flylng at
6 scoonds from firing, The last <olumn (13) shows the valuc shosen for
the bearing, The five rounds which Jid not provide information over the
gathering pordiod wure numbered 4, 4, 9, 15, 20, Of these, all oxcopt
round 9 failed to achieve autiofactory boost ccparation: round 9
doveloped some intermittont fault as well as benoming lost to sight in
cloud,

The indopondent sheck is achieved by uusing tho determination of
missile poziticn bty the kine theodolitus, At some instant shewvn in
column (1) whon the dial records show the bomm is stendy, the corrvse
ponding casting and northing of the izsile position nre noted from the
published dota sheots, Thuese ar: showr in solwans 2 mnd 3, The quoticnt
of thuse two distrnees cquals the tangunt off the bearing of the szight line
from the radw set to the missile, shown in column 4 expressed in mils,
A% the same instant in tine, the nds~ligruent of the missile is noted in
ecolumn 5, read by interpolaticn from the publishad records of the bore-
sight 2auera whish t~hos photograghe 2t ~beut the sms speed a3 the dial
lonb) i

The steps tahm in torming ‘he rascdinder of the table are illustrated
by a dingrm (Fip, L9). Subtr-ciing solumn 5 fron zolunn 4 gives the
bearing of the opticnl axis usud ns zoro for the bore-sight odiers,
referred to the linc of fire, $he datun drortion used in the kine
detorminntions (sce colunn 7). ‘

The method wied for aligning the borowesight emiera ond harmonizing
it with the bomeridine direction is ouslined in Appendix VII below,
A nore detailed study iz sontadned in references 3, A4 and 5 vhere [43:3 4 T
aates of accuracy nre quoted. The results reqired for the present tash
are listcd in solumn 7, which showa the directions of thz movable rarer-
ence telescope with vwhich the bourcesight emera wma hamonized, These
directions vary betweon sots of trials, and so have been referred to
another reforense tnlescope which is 1ixed rigidly and pormanently to the
radar dish, The differvnce of columns € and 7 is sct out in column 8 and
represents the bearing of thu axis of the fixed tclescope on the radar
dish roforred to the lino of fire,

One furthor sonclusion of Appendix VII is that the beameriding
direction of the SCR 584G ns determined by many wingeneriel experiments
is fixed relative to the radar dish and on a bearing 1.1 mils to the lof¥%
of tho axis of tho fixed tolsscope, Thus 1,1 mils subtracted from column 8
gives oolumn 9, the bemuwridirg dircetion of the radar dish reforred to the .
line of fire }55 dogreos, by way of the kine detormination of missile
position, This may be campared with the rador dinl readings shown in .
coltmn 10, 61l of vhich are measwred from some radar north which oorrese . -
‘ponds roughly with truo north, The difforendes between the kine deter- - .

botmeriding dirvotion in colunn 9 and tho dlal deter .. .

the boon pats P
1 soluan 10 ars 1dsted in ool 11, Theso shauld bo oonstont
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Hecause the records in the radar lop book do not date back to rounds
2, 3, &4, it appears to bo diffinult to catimate the dirceeticn of the radar
beam for these early rounds, 7This ia particularly trus since a different
methed was usad for aligning the optizal axis (the moveble reference
telescope), which might lead to anclos o 10 mila or mor: betwoen it and
the beamw=riding direstion, By taxing acount of tulemotry returns, it
is possible to form scme idea of vhere the beameriding direction lay in
relation to the optircal axis of th hercesipht samera, The figures in
braciets at the heal of eclumn 2 cive these wstimates, lHowaver, the
resulting Miferennes in colwnn 11 d.viate mure rrom the average than
appear likely and thin throws suspi~ion on the observations, Az the
cbservations for rownds 2 and 3 appe:ar to represent two of the largost
dispersions observed, ovon ton mils orror would canse a large error in
he estimate of the scatter, For *h‘jp reaacn, it was deeided to ipnor:
thoze cbservations frr vhish ne saemats cheok ia available,

A zimilar discrepancy of abeut 4en mils appears in the valuer in
~elumn 11 for the obsurvations <f rounis 7 and R, Iis -cuntim these two
reunds l=aves $on ootimat 3 of the 'm,"h bevwen radoar north and the lins
of fire, amd thece 1 n ave rmg* Af =104, 7 nils with o rem.s, soatter
about t'nc, mean of 1, J nils, This sanasttor appears $o be about vhat sould
be =2xpertud frem the asourasy of the sooaradc ateps in detormindng the
ru.f'fﬂrwn*r, valuea in 2cluan 11, »{i“.': sach v erastor as 1,3 nils, dovise

tiens of 7 ndls are nizhly wniikely and 4% appoars pJSalbl‘:? that both
t}.es: 2ial rewdines are in orrer b0 mils, tiow sunh an errer 10\115
cersur 13 wmertadn, tub I8 hne b avisaeed <hat tho rossibility 4
plausible, Irn~lvding the verre:s . d v.rcions fer rounds 7 and 8 -'wlrm
tvwelve chaurval ‘0*1:, whish have "noaverag: ©f «105,0 mils and an rem. s,
saabier ef 1,5 wile,

O the radar zore wore of tras nordh, thoavoraez s of the differanecs

listnd in ~olwmn 44 wwculd Lo wlf, {0 Aurress),  In fand it mppears

frem theso obsarvations that L. ooiar rer 5 14 mila {aimost one depres)
I3

te the right ¢ truc norih,

The nuxt eelimn in 4k tedbl: sbeve ) column 12, in the sum of 105 mils
and the values in 2olumn 0, TLis rorssonss $he diel rcadings zorrected
for zore orror,  Idondly those readings cweuld coual the adne doteminations
listed in column 9, The bu imats of %L frue bemmeriding direstion
is taken fto b2 the avornp: of the two dutorminations in 2olumns 9 and 12,
and thiz appuars in oclumn 13, murded A0y te the nearest mil,

3
S

The 12 cbservations of the tesrding of the radar besm when the missile
is gathered pive o mean and an rom.s. s~attor of

- 10 * 26 nils,

In an rem,s. scattor of 26 mils, a moan of 10 mils is hardly signi-
ficently different from zere, Thus the dlstribution may be regarded as
about zero msan with an r.m,s, seattor of 27 mils,

The distribution of tho benrings is shown in Fig,25. It is obvious
that it has considersble tails vhich make a gaussian curve inappropriate
to fit, The reason tor this is the peculiar dispersion of the round after
launch and boost scparation vhich was discussed sbove in Appendix IV,

The tendency of the rounds to disporsc to tho left or right, or to fly

‘comparatively undeviated, cmises a wide scatter in the positions of the
~beam when it has gathered the missilos, It is difficult to divide the
~ boarings of the beam in left, otntrol and right groups for there is no
- obvious boundaxy,. Parther, ctmparison with the diapersion just before
: ga‘bherhag mmenmad ia ‘not ontirely aaﬁamwxy, sima I-‘ig,ﬂ shows t!mt
’ -shows that “poand | athored

+ tut Fig,
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By ccmpasrison of the baarings of the gathering beam in Fig,25 and the
left/right displacament of thu reunds whon gathering commences, it appears .
probable that bearings lying betwoeen + 30 mils of the line of fire may be g
regarded as forming the centr.l group, It is proposed to fit the cbserved
gﬁi;tribution by thres geussian distributions covering left, mid and right .

e!‘s.

There are 3 left-flyers (rcunds 10,11,13) with a mean and r.m,s,
scatter of

- L5 * & mils,

There are 8 mid-flyurs (rcunds 5,7,5,12,1¢,17,18,19) with a mean and
r.m.s, scatter of

-2 + A4 mils,
There is one right flyer (round 4k) with a bearing of
55 mils.

Frem thio fitted distribution, it may be deduced that 95. of the
teardirgs of the radar bean when it has pathered the miossile lie between
+55 mils (+3 degrees) of the line of fire, Tho actual observations show
that rcund 13 was gathored on a2 bearing of =56 mils, and the remaining
eleven reunds inside these bounds, )

It is nuccssary to repeat the arements sbove in dealing with the
clevaticn of the radar bram when the missile has veen gathered, The
follewing table shaws the madn s$0ps in the reasenirg.

/Elevation




GL€ £°6G1¢ w2z L€ 19 1e 2%ye e B I 1 0= rat 164 ez iy (59
w62 g€-cée 0°i G662 | 0*Nbe 4°60¢ 2= UM 9= g°g92 20zl 9602
e £2s 6°2 PP A 49 Lrge C°Ci~ i G- 1A% g gen
3£¢€ g°0ee L2 1119 BN 434 £rene A R 6°1¢¢ G0y W Gze oYLy ofee
119 g ¢ g 3/ A A K 44 VA GoUL= ze6ee 0°C FA" 14 0028 0082
€l¢ 9°¢l¢ 24 8lg (2 €lE it 14 0N°zL- ool ¢€e- G olg 06004 oee
1949 9°LLE £2°6 Lig 1 2°ie RNt 0z H UlE ;e Y st GooR 0€0¢
e 9°6¢¢ ¢ G 1oty e A4S FOR L ZULNe G- 514 0008 0LlZ
1149 n°22¢ 9°¢ 6z¢ 1 NtGok CTLEe Lo~ UTuug Lo AR 49 1174] €le
0% [ 5219 Loy 6ug ! ELglf G068 Lo YRS 8L €o0KE G616 0zle
Fi49 Ari19 g GRE {9° ULt gtee L et ALY LG 6°uhg 005 0592
1441 R Al 11 9°01 zUE T ige 0°es Ut~ 0°ces 0°¢- 0°C¢ U0 00EZ
- i - (12) g MnmmW - - glg 3% y*zle 006 009¢€
- 1 - (c2~) | %g¢ | (Las - - 1oy 7o geose ov6l | €z
- | - i (o1) 0l¢ | (03¢) - - 4L L 6*96¢ 06£8 €90¢
sSTTH w SITw : STTu CTT& | oTTw 3 it CTTE o ST STTH ST T L2184 jo03
! Tefp : AR N H
UOTIBASTT | PHIOGLIC) [HOURIOFIT] | TRTA | euTy) uoTyeAn[I| °3%acw [uoTmAsTE| 3IowuITTRsTY] uOTyeAsTy | Bupyidoy | Iydtey
UOTFO8IT JUTPTH-~Teoy ‘1t STXY TeoT3d) STTSSTH
T | M oL | 6 g L 4 S 5 < z

66z AD *ON 2303 uyooy

e B




ERE R

the elovation soro values in colwn (11):  tho fitted value is

" ‘where,'n is the mmber of months later than Ootober

Tech Note No. G 236 ‘

The same instant of timo as zor detemining the bearing of the
missile was chosen for reading ‘he kineetheodolite records, The heights
and northings of the missiles arc listed in columns (2) and (3) from ‘ ;
which the angles cf clevatlon can be cnloulated, These are oxpressed in ;
mils in column (4), At the same instant of time shown in the column (1), .
the misalignment of the missile in the up/dovm direction is quoted in
column (5), which has tcen read from the records of the dish camera photo=-
grapha, with interpolation vhore peccasary over 0,05 sceond interval,

The elovation of the optical .axis of the borc-sight dish camera is
derived by subtracting column (5) from column (4): scc column (6),

The next column (7) summarizes the notes in the radar leg boock vhich
were taken in the process of harmenining the movable rofercnce tcelescope
(the optical axis used for the firing) with the bteameriding direction as
determined by a wing-acrinl mounted on a mast, The values show the diress
tion of the movable teluscope on the radar dish (with which the boreesight
camera iz hamonized) referrel to a fixed tulesceme (abbreviated to F.7.
in the table above), vhich is loft s%atiz rulative to the radar dish,
Zolumn (3) shows the differense of columna (6) and (7) and represents the
elevation of the axis of the fixed tulis~opc sbove horizontal, the datum
on vhich the kine obscrvations arc bascd, It is chown in Appendix VII
that the beam-riding dircotion of the radar set as determined by many
wing acrial oxperiments lics at an clevation 11,6 mils below that of the
fixed telescepe. This determines the figures in column (9) which show
the clevation cf the besmeriding direstion in coach firing, cstimated by
way of the kinu-thcodelitc plots., Cclumn (40) contains the corresponding
dial readings and the next column (11) shows the difference between the
dial rcadings and the kine dctermination,

4s sbeve in dealing viith the borovny of the beam, the information
concerning the early rounds 2, 3. 4 ceemus too conflicting to lead to a
reliable estimate, These roundz have been dismissed as providing no
information tcwards the follewing discussion,

If there were no drift of the zerc of the radar dial, the angle repree
sented by the values in coluan (41) chiould be a constant equal to the dial
reading when the beameriding direnticn is horizontal, The figures are
subjcet to experimental ~rrors Aue te the roundabout detemination, which
may be expected to contribute an r.m.s, scatter sbout the mean of 1.5 mils,
approximately the same as tho correSponding scatter in the determination
of the bearing zcro error. Howevor, the velues in cclumn (11) of the
teble above lead to o mean and an r,m.s, scatter of

501 el 3.0 mils,

This scatter is roughly twice what would be expected and cells for some
attempt to reduce it,

Inspection of the figures in column (11) reveals a definite trend
from o value about 10 mils for the carly rounds to o value sbout 3 mils
for the late rounds. There iz not enough uvidence to suppert a suggestion
that the dial zere has drifted with timo, lHowever it appears rcasonable :
to try to corrclate the figures with the month in which the round was
fired, This leads to n correlation ccefficiont of 0,87 which is suffi-
ciently high to enable the scatter to be halved by fitting the sppropriate .
regression line, Accordingly, the followin: straight line was fitted to '

L (esarmaes

otcbes 1951 that i firdng
$ o the actual estimstes:of the . .
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Smeothing the sluevation Zero Observations

. Round Number 5 |7 |8 |10 |11 [12 113 {14 |16 |17 |18 {19 1
Months since 10-541 | 0 (D 213 14 s s |5 45 {7 {77

. Observatien milo 400 n L B o413, 3.6 5.8 4.8 .41 2,71 2,91 1.0 Z.L%
itted value rndls 10,3 7B T R 0 5 Dl he 2 5021 4021 1,717 1.7!

This can hardly b used as evidence that the elevation zero of the rador
dial drifted by 2 mils in a periovd of seven months, Similar high corre-
lation would uexist between the cbservations and the number of the round
in the frial, although there is ro lcgical connection between them,
However, some unexplained cause has prodused a trend whicsh is too obvicuc
to nerlent,

The difterences of tiw smeooth:d valuss of the elevation zero tias
ard the dial roadings in column (10G) of the main table supply the clova- :
tions of tho radar bean aorrectel for nero error, Thage serrected dial )
readings are listed in column (12), The ostimate of thoe true beam eleva-
tion has been tanem as tho aversy. of aclumns (9) and (12) and this ia
shovm ir ~clumn (13} roundsd off te the ruarcst mil sinecc the ascuracy i
ne bestor thon thin,

' The 12 cbs.avaticns of the clovation of the radar boam when the
miseile has beon pathored pdve 2 ucan and renes, seatter of

. 33% . 2houdls,

The Hatribution of clovotions iz shown in Fig.26. The mean eleva-
tion of 338 uils almost uxantly equals 19 degrces,

A comparison with Mig,i4 which aisplays the up/down displacunent of
the missile ai F seoonds after firing, roushly at the camencament of
gatherire, ronfims th: division of the 5ot of 12 rounds into three greups
conprisirg: those which fluw hiph, middle wnd lews It appenrs reasenable
tc fit tho cbaerved distribution chown in Fig.26 by three gaussian disdri-
btutions centred on ench of the three groups,

There me 3 hiph=fiving reunda (nurbered §,12,13) vhich were gatnercd
at elevations with 2 menn and romes, s2atter of

37 & 4 omils,

There arc 8 mid=flying rounds (numbered 5,7,10,11,14,1€,17,19) which
were gathercd nt clovations with a.can and an r.m.s, sonttor of

330 + 8 uils,
. One round (mmber 18) flow low and was gathored at an e¢lovation of
2924- ndls -

According to the fitted distribution, 9C: of the rounds are gathered
-~ at on slevation oft 309 mils or highor above the horisony this is a iad-
rant elevation of 17,4 degroes. The actunl cbservations show that eloven .
rounds out of the twolve were gathored at an clevation aboys 309 mils,
" Also according to the fitted distribution, 95% of the younds ore gaamwa; o
- betweon olovatdons of 382 mils and 29h wils, ivo, 338 & Uh wils, The mean
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elevaticn of 338 nils (19 degrees) above hLorizontal defines the elevation
of the gathering line, the mean direction of the guidance beam when it has
S been held steady for gathcring the missile, The bearing of the gathering :
‘ line is the same as that of tho leuncher (355 degrees), :

The followirg table shows the times after firing when the elevation
and the bearing of the radar beam becume steady so that the missile could '
recover into a stationary buam., Thuy have been taken from the published
reeords of the radar dial readings,

Times wWfeor Firirg to Steady Guidance Buam

Reund Number 2 3 L 5 7 8 9 10

Tix:e Elevation steady | £,53 [6.58 [ 7,93 | 6,12 ] 6,38 | 7.61 | 7,33 16.25
AT (Rearing steady 5.2 [5420 17,78 | Subk | 54kt | 4e57 [ 6496 | €,58
(’;fi"ﬁ Heam steady C.53 | 0.58 | 7,921 6,12 £,38 1 7.61 | 7,33 | .58

Round Number 11 12 13 14 1€ 17 18 19

75 15,88 16,25 1 €.43 1 5,43 13,92 |5,13 ] 8,87
76 15,58 1 7.83 16,631 L.47|3.,08]3,39]9,28

;;ft"zr Elevation stoady |6
Bearing steady (S
> e

Fir
Y, Deam steady ‘.
(sccs; - st 3

The times shown in the above table are likely to 3iffer from those
published elsewhere, since opindons vary as to the cxact time at which
the beam becomes steady, The 3ial readings arc correct only to the
nearest mil, and are liable %o chew Jjumps of cne mil in long scries of
stcady value:;. For this roason, the boam has buen considered steady when
the dial roadings reach & value and remain within one mil from that which
sppears aftcrwards to be the steady value, The time quoted is correct to
about 0,05 serond,

Four rounds (numbered 1,5,15,20) failed to fly long enough for the
beam to settle on them,

The 16 observations of the time when the clevation of the beom
becomes steady havs a mean and an r.m.3. scatter of

f40  + 1,13 soconds ,

A value hnas been quoted for round 3 although the beam never settled
for longer than cne second on any particular valus, but moved upwards
evenwally at about 3 mila/sw.

The 16 obsurvations of the time when the bearing of the bemm becomes
steady have a mean and r.m.s. scattoer of

5.92 b 1.59 seconds, 7 N

For five rounds {numbered 10,14 13 14,19) the elevation of the boam
was steady before the bearirg. I‘er tho remain:mg eleven rounds oonsidered N
in the table, the bearing Lecame steady before the elevation, This is to
beo expected a&.ma the boam swirngs through an angle in elevation alnoat tan‘
‘times that in bearing while following the rowd’ or!' the Imm. ‘ u

The 16 obsérvations ofthetimwhm%hebembm amaym s
;m m& en. r.m,a, m&ﬂux m‘ ‘
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The distributions of these times are shown in Figs, 28, 29 and 30,
They appear to have lorng tails ~cmparsd with a gaussian distribution,

¥or soemo purperses, the tine of 3,92 seconds when the beam became 4
. steady for round 17 is unrumresentative, The gathering of round 17 was "
more by aceident than by the normal tuchnique, since the guidance beam .
became disconneatoed from the opti~al fracker through a switching fault,
.. If this observation is Hsoresaricd, the 15 cbavrvations of tho time when
the beam becomes steady have a mean end an ran, s, scatter of

€,80 &+ 1,03 senonds,

If it is asoumed that a norazial goussian distribution fits the
cbsorvaticns, 95.. cf the timea afer firing when the beom becomes steady
liv butween

L,75% and B,eh seecends,

Of the alant ranges of the rassile frem the puldance 3ot when the
bear beconues steady (a:e tabl: btelow), fiftoen cbservations are available,
sirce ne rereris were publisied for reund 9. If the obscrvation for
round 17 is dlsccunted for $he reasens stated abrve, the remaining 14
cbservasions of the slant range of the miscile when the beem beoomes
stoady have a nean ad an r.n,s. stattur of

00« 4RO Dot

These ckacrvaticrs of rangres have been road from the records of radar
rarge published after eash firire, The radar ranges were not published for
rcund £ and this cbmorvation has teen intorpelatud from the kdincethecdolite
N ruceris,

Rangs of Tiisedle whon Suidance fean bocame Steady

] } H 1 X T
| Round Jwmb.r SCENE I T R A L AR L
i Slant range (thousands | 5,3 8,2 104 | 3,0} 8,2 j10,0 | - Be5 |
! of funt) ! ) f
! T ] + '
{ Round Murb.r P %'gz iﬁj 1L 14 17 |18 19 z '
Slant rangs (thousmnda i RS -2 110.8 3.7 6.7 kb | £.6 12.9‘
of fect) : : i ! i
, , . {
I
1
{
!
},
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APPENDIX VI
Velecity and Slant Range of Missile Twrding the Beam Progremme

Velocity of iinsile 10+25 seconds after Firing (ft/sec)

~. 1

- |
Timds, R el 213 a5 a1l |67 18] 19

after \uum e ,

Pirigy ™ :

(sess) . 5

10 1378 1432011321 1431|1340 {1358 {1392 11474 | 1310/ 1440115001350 |

15 130R} = [13L3] = 1412R3[13L2 /1265|1204 1160{1300[154011270

20 13071 - {4412 - 1279 112571117814414]1020{ 1190 1530 - |

25 12771 = (1048 - 11265 ]10A511158|14.28{1000] <} - | = {

30 (088 | - j11EL - (11100 -] oloj18si ofof - | - - |

Ne reserds are available for rounis 1, £, 15 and 20 which failed befor:
or scon after booot zoparaticn,

Fo recerds are available for munds 7 and 9 which failed soon afiter
gathering at tiz start of the progremme poeriod,

kounds 10 and 12 ar: unrepresontasive since the propulsion failed,

The speeds in the table above are: flight path valorities of the missiles,
salculated by interpclailion frem the publiched recerda, Since the trajectory
of the miscile is almest direstly awy” frem the guidance radar, the speeds do
not differ much frem those measured by tho doppler receiving sot, which deter-
mines the rata of shargs of the slant range,

The distributions of these missile speuds are displayed by histograms in
E‘.i{_;s' 31"55.

The following table summarincs the cboervations above by quoting the
mean ard reles. scatter at cash of the times,

| Time aftor firing (secs) | 10 | 15 | 20 | 25 | 30
Numbor of observations 12 10 9 7 6
| Mean speed (£t/sez) 1385 |1323 |1287 1230 [1073
Rem,s, scatter (f%/sec) £ 94 | 143 | 153 | 105

.

Aftor about 25 scconds from firing, the missile speed drops away
rapidly at roughly 40 ft/seo? an the sustainer motor censes to thrust,
The following table shows the times at which the motor thrust ceased for
the rounds which were still flying correctly, Round 11 appears suspeot
as the speod dropped sbout 18,5 seconds after firing, and it is dowbtful
if tho motor was working scorrectly, The instant at which the thrust ceases

" is most easily measured from the discontimuity in gradient on the record
| of missile specd agalnst tme, . .- o

"
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Zimo vhen Motor Ihrust Ceascs

Round number 2 L 8 |13 |1 (16

! Time after firing (sces) | 24,0 24,0 | 25,6 | 26,5 | 24,5 | 29,0

These six obscrvations of the time after firing when the motor ceascs
to thrust give a mean and r.m,.s, scatter cf

27 r 1.7 sceonds,
The distribution is shewn in Fig 43,

Time whon Speed Drops to 1200 and 1100 feet per second

T T !

Reund lamwer 2 & 18 (11 |13 | 17 {

Time after firine (sone) (12060 /s "’.L§29 hi 27,7 21.6117.2129,0 18.7!
1

vhen speud drops below 1400 ft/zen|2G 1}5».0‘30.2,?& 1126,1130.5| = ’Q
¢ } !

;

The tabln ebcve shows whern the: £lipht path veloewity of the missiles
determined from th2 kinc-deppler 1&.3@1’(‘:3 feil below 1200 and 1100 ft/sec,
The seven rounis 1, 3, 5, €, 7, 15, 20 troke up ¢arly in flight while
rourd § was faulty aad ne rcorids were publisned, No reccrds are avail-
able fer round 18 or 1o» ~ouri 17 at the spzad of 1100 Pt/sec, The four
rounds 10, 12, 1€ -u3 47 are wiwrepresentative since the motor either :
failed te lizht or 7id rot thrust cerre-tly,

The distributions »f the observations are shown in Figs, 44 (a) and
(b). The scatter on the time when the nissile speed falls to 4200 ft/sec ;
is 30 great that it appears unreasonable to fit any distribution until
there are a greater mmber of cbservations. Rounds 13 and 17 were on
elinbing ccurses which ascocunts for the carly loss of speed, The motor
in round 11 does not appear Lo have worked perfectly, The rouncs repre-
sentative of a straight flying or steadily traversing missile are four
numbered 2, 4, 8, 14, :

The scatter on the time when the speed falls to 1100 ft/sec is rather
less than for 1200 ft/sec. Tho smme remarks as above apply cxcept that
there i3 a littlec more justification for analysing the overall scatter,

The 6 observations of the time after firing when the missile speed
drops below 1400 £4/sec have a mean and an r.m,s, scatter of

26,7 + 2,7 scconds,

Betwoen 10 and 25 scconds after firing, the miasile is direoted by .
the guidance beam on the programme set for the trial, The lowor time
limit is set by the gathering of the missile, The upper limit is set by
the duration of the motor, vhich is necessary to sustain the apeed around
the value for vhich the con’éml aystem was designed,

I is possible to appmximate to the moan velocities over ﬁhis

 dnterval by s velocity which reprosents & oonstent émhnmn. g

L str&igh& line vhich bust fits the four determinations at ?0, 20, 2‘5 —
;msndameheamseaftﬂallewtawddwiaﬁmk e
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(180 « 10t) ft/sec
where t s the time in seconds‘at‘te‘x" firirg.

The mean speeds and the fitted speeds are shown in the following
table,

i : 1 ,

Time after firing (sess) = 10 E 15 20 25
| Average spnod  (£t/s2c) 1385 $1523 1287 |1230

, Fitted speed (ft/s0c) ;1580 51350 11280 {1230 |

RS _»-ﬂ

Since there are only :mall discrepancics tetween the average speeds
and the fitted speeds at cach of the four times, it is reasonable to
regard the actual observed speeds as scatbered atout the fitted speed
eurve, Thase asatters toc may be smoothed since they appear to be
reughly preporticnal to the ¢ime aftor firirng,

The following table swusawrizes the information about the missile
speed between 10 and 25 usecends fyom firing, after it has been amoothed,

. . : T
Time aftoer firing (a: »~~) 0] 15 20| 25
B X K i t‘
. Average spevd  (ft/aur) 1330 (1330 1280 1230 .
Ram,s, scattor (£t /a00) | el { of i 428 ! 160

| ‘ Il

. The a verage miscile appoars te Aecclerate slewly at 10 ft/oc:?’
between the times 10 and 26 sends aft.r firirg, during whi-h period
the speed falls frem 13680 £4/z00 to 1270 ft/a:z. This has been repre-
sented as a graph of missile speud againe® tine after firdwyg in Fig.Li,

Slant Rance of 1igsile 10-25 ::oonds after Firing,
measured in theusands of foot

Time pmpe 2 L B 11 13 i 16 17 118 {49
after . i ( : ; i | :
Firin T : . ' ! ; ,
(seos§ : | ' ; ' | '
1 T ‘
10 13,2 12,81 13,2 113,61 13,9 | 13,7 | 13.1 | 13.5 13,9 |13.9
15 19,9 | 19,71 49,81 20,3| 20,6 | 20,9 | 19,2} 20,5 {21.6 | 20,5
20 26,4 | 26,3 26,1 ZG.GE 2641 27.6 2&.5! 26,7 12943 | 2549 .
25 32,9 | 33,51 32.3 _32.8! 32,31 3ka9 | 29471 32.6 |36,7 {32.3 1
30 3807 14.0.0 - T - g 3703 AN 34061 5801 - : - H

These slant ranges are measured from the guidance rader, rounded off
to the noarest hundred feet, Of the tan rounds for which no observations
are .quoted sbove, rownds 1, 6, 15, 20 all failed sbout the time of boost
separation, Round 9 sufforea frem some intemmittent fault and no

were published, Rounds 3, 5, 7 all failod soon after the start of the
pmgrm. The ramaining two rounds red 10 and 12 have bean d.'ls- ‘
ooimteﬂ uime ﬂm wstaﬂmr moecsrs faﬁea to sgmea' o oo



| AThia has beem represmtad on a gmph of almt - rngo aga.tnat ﬁ.me d.n mg,w.
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The distributions of these slant ranges are displayed as histograms in
Figs, 3640, From those distributions it is possible to make one or two
remarks, Round 4 suffered a bad booul separation which censed high drsg
and low speed, This ias noticeable up to 10 ssconds after firing, but the
motor appears to have supplied high thrust and the missile passed the :
average performance in range after 20 sceonds from firing, Rounds 14 and °
18 also had exceptionally pewerful motors. Round 18 flew on an unusually ©d
low trejectory, but this chould have affectoed the slant range up to 30
seconds fyom i‘lmng by not more than 200 fuct, Although rounds 13 and 17 .
flew on climbing -coursus, they rumtdned very close to the average perfor-
mance in slant range, but the velocity at 25 sesconds was below average,

Round 16 appcars to hAVu suffered from an unusually poor motor,

The following table shows fer each of tha five $imes 10,15,20,25,30
seconds after firing the mean slant rarge and the re.m.s. scatter averaged
cver the missiles,

Time after firdne  {swos) ; 10 L9 | 20 25 130

Number of obsurvations (A I 10 { 10 10 6 ‘

Yean slant range (K feet) | 1348 | 29,3 | 26,58 [33.00 |38.35 |
! Ruts, seatter (K foet) | 0,37 § 0.5 | 1,17 % L4 ) 2.4

In a similar wor 4o the “m‘(.:;x"..tion of the mean velocities by a
velozity with zonstond lo~Jeretior, the men clant ranges may also be
approximated te a slant rang: wiich xvmm,,utq sonatant deceleration, This
aicunts to fitting a mwniratis oxression in ot (tnr time in seconds after
f‘“x:ug) to the ealzulated muan siant ranzes shom in the table above, -
Since the mean velocdt:s of 4ho minziles hns boon spproximatced by the
¢Xpression

1L = A0 4 Pe/nee
it follows that th: slmt ranw: must to »f the fomm

)
Jo + 1480 t - 5 t° feet

where 5y is a constant tc b Aotermined, A least squares £it to the value
of 8, using all the forty rusultc for the slant ranges between 10 and 25
seconds artor firirge loads 4o

i
&

[

Sq = = 928 feet,

ST

If this is rounded to the nearest hundred feet, the fitied average
slant range of the misadles is )

- 500 + 1LB0 t = 5 2 feet
= 13400 + 1380 (£-10) = 5 (t=10)2 feet
valid for t betweon 10 and 26 ceconds,

The following toble summarizes the information abwt the slant range
of the missiles over the progromme period between 10 _ad 25 seconds after
firirg,

Time after firing : (aecs) 10 15 20 25 A
Smoothed average slant range (K foct) 13.4 20,2 26,7 3},0 . i
Rom,s, soatter (x faet) O | 0,71 1,2 1.7 | K
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'

ALPEYDIX VII

Demnefiding DMircotion of the Guidance Radar

The observeticns which form the basis of this appendix were taken in
the process of hamonizing the dish cemcra with the beameriding axis of the
radar dish, The procedure has beon dessribed fully olsewher n?ref'erences
3,5) and the method is mer-ly rutlincd buelew, : .

e

The first ctep in te hamonize a movabl: referonce telescope on the
radar dish vith the beameriding direction, The dish s peinted at a wing-
acrial mounted on a mast in front of the radar building, vhile the radar
is tranamitting and the spinner nutatirg, The dish is aligned carefully
so that the modulation on the signal re~cived at the wing aerial is reduced
to zero, Since the dish is moved by velonity control and the backlash
amounts to slmost 2 mils, this has to be campletod often by pushing the
dish by hand. Vhen this aligrment is satisfastory, the wingeaerial lius
on the bemeriding direction of the radar dich, he movable reference
telectope is adjusted 3o $hat it points at thn wingeacrial, with an offsct
allowance for 4a2 parallax beteo:cn the movobls tulescope and the sentru of
the dish, Viewed from bohir?, the movable tulasseope is high and left of
the sentre cf the dish, so that readings of the wingeacrial direction on
the graticule cf the movable telussope need addud scrrections of 0,75 mil
in elevntion and ~L,%1 mils in azimmth, The éstimated abcuracy of harmoni-
zing the movable rofurines telestope with the beameridipg direction has an
r.a,s, sratter of 7,75 nils (refurcnc. 5),

The Jish 2amera roccrés ar. narmendred with the movnble roference
; by mrans of o fow picturcs taken abt the start of each firing,

™
ar 4ish is peinted at o sicfhting beard on vhish the relative posi-
ionz of the movable vl reri: 4.1os 0, the rixed reference telescore
and the dish comcran arc maraed as 4 noans of elimpdnating parallax, An
operater vi-ws the meovable Sulostope mark on the sighting board through the
movable telescope and by ~~mmands to thi: radar operator and by manual
adjustment, lays the dish sc that the mark appears on the cross wires, , v
The dish camern then sheots zeveral pictures of the sighting beard, The B
pictures of the dish camera mark are used as a zerc when the remaining
pisturss on the apool ar: assesced,  The coatimated acouracy of layirg the
raference telescope on the sichiing beard has an r.med. scatter of 0,9 mil
(reference 5).  Compared with this, wvrors in reading the dish camera
records and registoring the ommera norier are less than cne fifth and so
negligible, As a periodin chonh that the movnble teleszope has not been o
knocked out of true, readings are taken to compare it wwith a fixed refur- :
ence telescope which iz loft permanently static cn the radar dish, This :
fixed reforanse teluscope has morely ~ross wires in its field of view
instend of the gratioulo markd in the movable t2lescope, The fixed tele-
scope is laid on its mark on the siphting board by moving the radar dish
and then the displasanent of the movable tolescope nark is read on the
movable telescope gratiositle, The divisicns on this graticule are one mil
apart and it is Aifficult to achieve ascuracy in reading better than § mil,
As wi%h layirg the movable telescope on its mark, the nccuracy expected in
this comparison of reference telesropes would be an remes, scaier of 069
mil,

The following table lists obsorvations vhich woere copied out of the
S7R 584G log book from the tdme of its inception to the date of writing. é
They are not corrected for the parallex error due to the short distance 5l

(265 feet) of the wingeaerial from the guidance radar,
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FEAN RIDING DIRECTION DETERMINED FRCH WINC=ABRIAL EYPERDMENTS

Flevation (mils)

Bearing (mily)

Elevatien (mils)

bearing (mils)

19;: VT WA Wb MTe Wi Wa m;‘: MTe Weme o Weie  HeTe | Weame  Wola

Welele iW-ro‘-' Wol'ela WeDlyle Wolle Wor,t, Helolo! Wel'sbe Wel'ala jWil'seTe Wel'ale Welelo
! Fulo [ ML R DRI D DR Pl MR | FuTol T, R
179 [ @10,0 1 <0a5 =105 =20 50 3,0 15l =12,0 =026 «12,25 0,07 4,0 . 4.0
25w w10,0 | w0, 11,0 =00 2,5 0,6 et ~1,0  =13,0 T 40 40
2509 =10,0 | 0,0 =00 =00 a5 0,6 fpmt 1,0 13,0 4.0 40
7= ' 10,0 } S0 =110 =20 50 3.0 “12,0 05 =125 =10 . 45 . 3,5
2791 10,0 | =101 m11.0 S 5,0 3,0 i3+l =120 w05 =12.5 1.0 440 3.0
20 0.0 | w20 =120 L0 4.0 2,0 Ihel =120 =10 =130 -0 45 3.5
(2893 10,0 =20 =12,0 1 =2,0 5,0 2A (Ret =12,0 =1.0 13,0 | el0 . 4,0 3.0
=0 ST =200 w1eld =0 0 20 wdel =120 =0 13,0 le1,0, 4.0 3.

. rovible teleseope uitered Q91 #12,0 1,0  =13,0 3-1.0 4.0 3.0
1=10 | wt1.5 ! -1,¢ = =120 =0 «13.0 [ -0 40 %0
C1TSI0T 11,00 =0 SilG W) 5,5 1,5 2 =12,0 @10 w130 1,00 4,0 30
(20m10 W15 =1 =115 =30 d.E 2,5 e 1.0 3.0 S35 &5
F24m10. 10,5 ~1.0 =115 =15 4,05 0,05 =@ =12,0 ~1,0 =130 =10 . 3.5 2.5
C 210 11,0 10 =12.5 LS PR 3.0 New refarence gererator shaft bearlres
329-10;:-”.0 “1ef =120 1,5 4.0 b 182 =12,0 1.5 =135 =05 3.5 3.0
J30w10 11,0 w05 <115 1,5 4,5 3,0 7 132 =10 =13,0 35 3.0
3-10 W11,0 1) =15,0 =15 4.5 3.0 fae 05 =125 30 2.5
Tt w11,5 =15 =13,0 =1,5 3.0 l.b Movacle teivscepe altored
F2m1T 11,0 w1ah =125 =15 445 3.0 1522 =120 0.0 =12,0 =15 45  3.C
C5IT 10,5 =105 =12.0 =0 505 o6 18e2 =15,0 =05 =125 =10 45 ¢ 35
fv-n M0 =100 =10 el5 L B0 24eE =12,0. mWS =125 =10 &0 3.0
Zn-n,-’n.o =100 =liad  w2ed juB 8.0 L6eZ 12,0 =0.5 =1Z45 =10 Se§  3e5
‘ ! ¥evable tolesorre alterud e =120 w5 =125 =10 45 3.5
L1 P e10,5 =150 =11eS 3ol 400 4.5 5e3 «12,0 «0.5  #12,5 . =10 0 4,0 %
211 21005 o5 =12.0 005 5.5 F.0 J0=3 =12,0 =0.5 =12.5  w2.0 ' 45 2.5
[ 6m12 o140 1,0 12,0 05 5.0 3§ 1ye3 0.5 =12.5 45 . a5
1712 S0 =20 #1330 0.5 2.5 3 3.0 1273 “0e§ 1245 &5 2.5 ¢
' ‘ Mevable telescope altered Dish and spinner steipped
T10m12 0 w1200 =1,0 13,0 w05 .0 35 TeE =120 0.5 125 =15 45 3O
(1112 =12,0 | =10 13,0 0,5 3.0 3,5 Gm5  =12,0 0.5 =125 =15 L5 3.0
112012 «12,0 =005 12,5 0.5 4.0 3.5 155 Cw0,5 'wi2.5 (b5 30
F.7, means fixed refererce tolescepe. 165 , ™05 =125 R ; 0 !
M.T. neans movable reference telescopo. 215 i‘°-5 125 ‘ E 4.5 ‘ 3.0 ;
V.4, means thu wing=aerisl dirscticn. 23«5 }-12.0§ -0, 5 3-'12.5 =15 f 4.5 g 30 {

275 ~12,0 «0.5 «12,5 '<.5 ! 45 ;3.0 |

bl 9 P R A S S L A
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Figs. 47 And 4B show the distributions of all the cbservations (in
elevation and bearing) of the direction of the movable teleuscope referred
to the axis of the fixed reference tolescope, The following table sum-
marizes the measuraments of this anple. They are grouped into six periods
dudng which the moveblo teloscops was ioft statie,

Inclination of Iixed inlative to Movable Teloscope

First date 17,9051 | 1,401 [41.11.51 10,4251 [15.2,52 ] 7.5.52
Last date 1.10,51[11.11.51| 7.12.51[14.2.52 [12.3.52|27.5.52
Humber of observations| 8 13 i3 13 7 Lo
Mean elevation (mils)] 40,0 | 10,55 | 10,63 ! 12,¢ 12,0 | 12,0
hames, acatter (mils) 0 0,31 0 0,24 o 0 0
Wean bearing (mils) 2,9 1,05 | =0,5 Ga81 1 1.21; 1.5
Rem,s, szatter (mils) o 0,23 ) 0,34 ' 0,36, ©

It is difficult teo estimate how miny of those rocords are independent
observetions, and how many nue ner:ly :opi ;2 of the last Fntr, in the log
book, Counting ~ll emtries a3 irdependord pives o total of L8 observations
and this suggests an rom. 8. asocureey of i

0,15 =2ils in nmimuth

o dn olovatien,

Even if only 2 muoarter of 4hoane obe - nrtunlly dndependent, the
roig S, atcurazy would bo bastor fban 'l . bath bearing and cleva~
tion, whish sugg::ta that the otinad, 2 (0 mil ic unduly pessimistic,
The operations covered by $his estimnse of asgurncy are those of laying the
radar dizh o a fixed mark, and thes reaiding the graticule in the movable
reference telescope,

At the some tdme o3 the chesk on the aliprmamt of the movoble tele-
snope , it iz usual to orry out a ui.mnwriﬁ oxperdmont as deccribed at the
start of the appendix, tc letemine how ©ar the mevable telescope points
wirny from the bommeridin: axis, Jhls oexporinent nay oteur more frequently,
as it is nomally carricd out avery tdie w BETVIe is likely to be fired,
The large $sble sbove shows She results of sixty of thesu oxperiments,
Additicn of the wingeaerial direetion rolative to the movoble telescope and
the movable tclestope direetion relative to the fixed reference telescope
gives the mngles botween the winpencrinl direcstion and $he fixed telescops,
These coservations are clso listed in the toble and may be used to find
viisther the beomeriding dircetion varies relative to she rndar dich, simce
the wing=-acrial direction (when the signal modulation is zero) is nelated
to the beam—r:.ding direction through a fixed correction for parallax,

The distributions of the observations of elevation and bearing are
shown in Pigs. L5 and AF,

The 60 observations of the elovation angle between the wing-serial
direotion ard the axis of the fixed tclescope have a moan and an reM.s.
scatter of

- 12.35 +» 0 67 miISQ

m 60 obacmﬁcm of the benrirg angle between: ths

aimﬁm and the axis ar the tixea ra:t’ereme talaswpe hm a mm m&
_an ms. amtter ar

| ‘:3.01 4 0,82 mila,
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Taking these observations involves twice laying the dish and reading
the graticule in the movable telescove, Thus these acatters are below the
expected magnitude (1,2 mils) supgested by reference §, They agree with
the value (0,7 mil) derived from the azzuracy of half a mil for each
operation proposed above as a romult of analysing the observations of the
moveble telescope relative to the fixed teluscope, The scatters suggest
tiat the beameriding dirvetion as dutormined by the wing-acrial experiment
is invariant rclative to the radar dish, Jeviations of the order of 0,2 mil
would net be apparent in the above reoults,

Correoted for the parallax botw.en the virg-acrial dircetion and the
beameriding diruction, as Jus:ribed at the start of the Appendix, the
beaneriding direction is at

an elevation cf  «14,€ mils

and a bearing of -1.1 mils

relative to the axis of the fixed rofercnae telescope, This result was
used in Appondix V.

The small table above showa that during the period under review, the
novable telescope was altered cn five oceazicns., The six determinations
of the directicn of the muvable referons. tulescope show that it pointed at

¥
)
4]

an elevatien of «141,3 mil

{2

ard & bearinye of -1,1 +

m

adl

o
“

relative to the axis of the fNxed roefereroe telessopae. Zach adjustmont was
intended to harmoniz: the movable 4elasscpe with the beam=riding direstion
and cemparison of the mean direstion of tho movable reference tolescope
with the beameriding direstion of the radnr dish shows that they hardly
Affer significantly. Thus the assuracy cf hamenizing the mevable refere
ence telesrope with the bemieridine dirvaiion has a root mean squared
scatter of 7,8 mil in both azimuth and ¢lewvation,
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~ FIG.2&3
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FIG.2 MAXIMUM MISSILE VELOCITY.
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FIG.3 MISSILE VELOCITY AT BOOST |
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3
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r S FIG.68 7

% p—

[} 203?
3 . l p2
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-400 -?::o. n:'“ O, :7 143°° 400 FEET —=
-200 T
400 L 0OWN
FIG. 6 POSITION OF ROUND 4 SECONDS

AFTER FIRING.

NUMBER DOESIGNATES THE ROUND

NO RECORDS FOR ROUNDS 1,6,15% 20.

BASED ON MEASUREMENTS NORMAL TO A LINE FROM THE
GUIDANCE RADAR ON BEARING 355 DEGREES, ELEVATION I90EGREES
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-200
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-400

‘0

-200
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-400

FIG.7 POSITION OF ROUND 5 SECONDS
AFTER FIRING.

NUMBER DESIGNATES THE ROUND.

NO RECORDS FOR ROUNDS 1.6,18, 20.
BASED ON MEASUREMENTS NORMAL TO A LINE FROM THE
QUIDANCE RADAR ON BEARING 355 DEQREES,ELEVATION 190EQREES
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FIG. 8
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FIG.8

POSITION OF ROUND 6§ SECONDS
AFTER FIRING.

NUMBER DESIGNATES THE ROUND

NO RECORDS FOR ROUNDS 1,6,9, 15,20

BASED ON MEASUREMENTS NORMAL TO A LINE FROM THE
GUIDANCE RADAR ON BEARING 355 DEGREES,

ELEVATION 19 DEGREES
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B
3 7
— ONE OBSERVATION.
A - - - NUMBER DESIGNATES
S | 4 16 THE ROUND.
e . — NO RECORDS AVAILABLE
' | 1
, ! : FOR ROUNDS I, 6,15,20
13 .10 : 8 H 7 TOTAL 16 OBRSERVATIONS
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] 1 ' ' '
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FIG.9 L/R DISPLACEMENT OF MISSILE 4
SECS AFTER FIRING.

b
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‘ P THE ROUND
9 ! 4 ' |6 NO RECORDS AVAILABLE
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{ ' TOTAL 1& OBSERVATIONS
13 10 5 17
] SR :
1
19 i 11 2 18 14 2
LEFT ! i ' RIGHT
fro— \J A
~600 - 400 -200 o 200 400 600

LEFT/RIGHT DISPLACEMENT OF MISSILE (F‘EET)
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FIG.1O L/R DISPLACEMENT OF MISSILE 5
SECS AFTER FIRING.
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3 7 NUMBER DESIGNATES
T et THE ROUND
10 S ! 8 NO RECORDS AVAILABLE

FOR ROUNDS 1,6,9,18. 20
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'éOQ .4'.°° -2'.00 o] 200 400 600
LEFT/RIGHT DISPLACEMENT OF MiSsiLE (FEET)
MEASURED FROM LINE OF FIRE, BEARING 355 DEGREES.

FIG.Il L/R DISPLACEMENT OF MISSILE 6
SECS AFTER FIRING.
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FIG. 12,138 14

¢

5 ’
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| 1O} ONE OBSERVATION. -
" NUMBER DESIGNATES

- THE ROUND

14 | _2_| NO RECORDS AVAILABLE
e 3 FOR ROUNDS |, 6,15,20

-~ - -=— TOTAL I6 OBSERVATIONS
17, 4, 8

- — 'f- ——— -] - -y

DOWN 8 12, 13 12 up
r T ma
-400 -200 o 200 400

UP/DOWN DISPLACEMENT OF MISSILE (FEET)
MEASURED FROM LINE ELEVATION |9 DEGREES,BEARING 355 DEGREES.

FIG.12 U/D DISPLACEMENT OF MISSILE 4
SECS AFTER FIRING.
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| S_ ONE OBSERVATION
7 W NUMBER DESIGNATES
'5" THE ROUND
e NO RECORDS AVAILABLE
| 10| FOR ROUNDS I, 6,15, 20
1 TOTAL 16 OBSERVATIONS
14 2 ]
le 3
. | 17 | 4. 8._
DOWN I 8 9 13, 12 uP
¥ T -
- 400 -200 o 200 400

UP/DOWN DISPLACEMENT OF MISSILE (FEET)
MEASURED FROM LINE ELEVATION (9 DEGQREES, BEARING 355 DEGREES

FIG.13 U/D DISPLACEMENT OF MISSILE S
SECS AFTER FIRING.

[]

ONE OBSERVATION
NUMBER DESIGNATES

| S .. THE ROUND
9 NO RECORDS AVAILABLE
5 FOR ROUNDS 1,6,9,15,20
- TOTAL 15 OBSERVATIONS
e 2
. 16 3.
DOWN e | 19117 4 113 8 e
- 400 -200 ° 200 400

UP/DOWN DISPLACEMENT OF MISSILE (FEET)
MEASURED FROM LINE ELEVATION 19 DEGREES, BEARING 35§ OEGREES

FIG.14 U/D DISPLACEMENT OF MISSILE 6
SECS AFTER FIRING.
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-» FIG. 17&18
— 3 ONE OBSERVATION.
! NUMBER DESIGNATES
T THE ROUND .
<) NO RECORDS AVAILABLE
_____ FOR ROUNDS I,6,15,20
. TOTAL 16 OBSERVATIONS.
10 4
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p= = — ; —————
e 9 12
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] t
'8 19171 14 2 113
DOWN 1 ! 1 uP
-80 -40 o 40 s'o .z'o

uP/DOWN VELOCITY OF missiLe (FT/sec)
MEASURED NORMAL TO LINE, ELEVATION I9 DEGREES, BEARING
355 DEGREES.

FIG.17 U/D VELOCITY OF MISSILE BETWEEN
4 AND 5 SECONDS AFTER FIRING.

ONE OBSERVATION
NUMBER DESIGNATES

THE ROUND

NO RECORDS AVAILABLE
FOR ROUNDS 1,6, 9.1%,20

E TOTAL IS OBSERVATIONS
e
RS R ——
| |
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UP/DOWN vELOCITY oF missiLe (FT/sec.)
MEASURED NORMAL TO LINE, ELEVATION |19 DEGREES, BEARING
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FIG.18 U/D VELOCITY OF MISSILE BETWEEN
5 AND 6 SECONDS AFTER FIRING.
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FIG.19 ANGULAR POSITION OF ROUND 4 SECONDS
AFTER FIRING.
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FIG.20 ANGULAR POSITION OF ROUND 5 SECONDS
AFTER FIRING.
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FIG. 21 ANGULAR POSITION OF ROUND
6 SECONDS AFTER FIRING.
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| > FI1G.22,23824
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- - ONE OBSERVATION
9 NUMBER OESIGNATES ROUND
- NO RECORDS FOR ROUND 1,6,18,20
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2 : 10
‘—ﬁ——
I ! H
S 11401, 13
-.--'t——.'.__-:_._...
1 ] !
Il miisilonIR
N 1 I & PN
3,600 4000 4400 4800 5200

SLANT RANGE (FEET ) —--

FIG. 22 SLANT RANGE OF ROUND 4 SECONDS
AFTER FIRINUG
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FIG.23 SLANT RANGE OF ROUND 5 SECONDS
AFTER FIRING.
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FIG.24 SLANT RANGE OF ROUND 6 SECONDS
AFTER FIRING.
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FIG.25 &26

NUMBER DESIGNATES ROUND
RECORDS FOR ROUNDS 2,3,4
ONE OBSERVATION REJECTED.

NO RECORDS FOR ROUNDS!,6,9,520
TOTAL 12 OBSERVATIONS.

5 BEARING HAS BLEN CORRECTED
| ] TO TRUE LINE OF FIRE 8Y
SUBTRACTION OF RADAR
6 ZERO ERROR .
- ==
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FIG25 BEARING OF RADAR BEAM WHEN
MISSILE IS GATHERED.

NUMBER DESIGNATEDS ROUND
RECORDS FOR ROUNDS 2.3 4,
ONE OBSERVATION REJECTED.

NO RECORDS FOR ROUNDS 1,6,9,1520
TOTAL 12 OBSERVATIONS
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7 ZERO ERROR.
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FIG.26 ELEVATION OF RADAR BEAM WHEN
MISSILE IS GATHERED.
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FIG.27 STEADY BEAM POSITION FOR
GATHERING MISSILE.

VIEWED FROM RADAR REFERRED TO A LINE ON
BEARING 355 DEQRELS, ELEVATION (9 DEGREES
NUMBER DESIQNATES THE ROUND

NO RECORDS AVAILABLE FOR ROUNDS 1,2.3.4,8,9,1%,20
TOTAL 12 OBSERVATIONS. ‘
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H FIG.28,29 & 30
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FIG.28 TIME WHEN ELEVATION OF GUIDANCE
BEAM STEADIES.
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FIG.30 TIME WHEN GUIDANCE BEAM |
STEADIES. | ‘
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FIG.31 MISSILE SPEED 10 SECS AFTER FIRING.
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TOTAL (0O OBSERVATIONS - — - =
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FIG.32 MISSILE SPEED IS5 SECS AFTER FIRING.
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INUMBE R DESIGNATES ROUND I3 8 4
TOTAL 9 OBSERVATIONS
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FIG.33 MISSILE SPEED 20 SECS AFTER FIRING.
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TOTAL 7 OBSERVATIONS
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FIG.34 MISSILE SPEED 25 SECS AFTER FIRING.
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. NUMBER DESIGNATES ROUND
! Saiatat TOTAL © OBSERVATIONS
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FIG.35 MISSILE SPEED 30 SECS AFTER FIRING.
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| ONE OBSERVATION
14 NUMBER DESIGNATES ROUND
== TOTAL 10 OBSERVATIONS
2 7
L — - L
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FIG. 36 SLANT RANGE OF MISSILE 10 SECONDS
AFTER FIRING.
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4 17 ONE OBSERVATION
NUMBER DESIGNATES ROUND
R - - TOTAL 10 OBSERVATIONS
t
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! . i
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FIG.37 SLANT RANGE OF MISSILE IS SECONDS
AFTER FIRING.
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FIG.38 SLANT RANGE OF MISSILE 20 SECONDS
AFTER FIRING.
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e 9017 - 4 1.}
i

28000 30000 31000 32000 33000 34000 38000 36000 37000
SLANT RANGE (FEET) —e

FIG.39 SLANT RANGE OF MISSILE 25 SECONDS
AFTER FIRING.
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- NUMBER DESIGNATES ROUND
TOTAL 6 OBSERVATIONS

ONE OBBERVATION
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4 1 14 8 I3 e
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TIME AFTER FIRING (SECONDS )—e

FIG.43 TIME AFTER FIRING WHEN MOTOR
THRUST CEASES.
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FIG.44(a) TIME AFTER FIRING WHEN SPEED
DROPS TO 1200 FEET PER SECOND.
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TOTAL © OBSERVATIONS

ONE OBSLRVATION

, 8

: A

X 1] I3 [ : 4 4

24 20 28 30 32 34

e TIME AFTER FIRING (SECONDS) —= !

FIG.44(b) TIME AFTER FIRING WHEN SPEED
DROPS TO OO FEET PER SECOND.
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ONE OBSERVATION

TOTAL 60 OBSERVATIONS

TO CORRECT FOR PARALLAX,
ADD O“78S MILS TO ALL
OBSERVATIONS.

I
— - — 1

-10 -1 -13 -ile
CLEVATION ANGL& Mn.G

FIG.45 ELEVATION OF BEAM RIDlNG DIRECTION
RELATIVE TO THE AXIS OF FIXED
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