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March, 1953.

ROYAL AIRCRAFF ESTABLIS:1"=, FARNBOROUGH

Some Data on RTVI Firings Relevant
to Future Beam-Riding Trials

by

G. P. Longden, M.A.

Z.ARY

BE 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 C040. Ths appears to mark an appropriate time to assess same of the
features of the trial which are subject to random variations and call for
statistical analysis. These inzluie 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 variables, and the distributions of the observations
shown diagrmatically by means of histograms.
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.I ntroduction

1.1 At some e owenient stage in the progress of any large and prolonged-
trial, it is desirable to collect and examine the details concerning one
or two aspects vdiich are normally overlooked or taken for granted. Such
an azalysi3 may ,iut a standard of practieual performance with which to
,-!mpare th . tiiorvti-al perforaanco aimed at in the design of th- missile
or to serve as a basis for assussin the performance of future rounds in
the same trial.

Not only ik on oruI.y anysii un.:il in the later stages of a trial,
but the data cllo,-tud :.ay provide a 1;asis for the morv efficient design
of future trials, svhioh sh-are any ccmncn ground such as the same type of
launcher, or a sLmilDa buc:t or Austainr motor. in particular, trials
similar to the cu .!onsidered h ru are buing planned at Ii6WE, Astralia,

and it is hoped that the przent note may provide the answers to some of
Lt., 1lanncrs' iuestions.

1.2 By nda-,juno, 19:Z, twenty rounds had been fired of the supersonic
bvam-ridirn t,-it vhicl, B2Vie. This appears to mark a ccnvcniant stage
at " ich to revi; .ron,e of th,: fact.4 %:-iojh are best elucidated by stati-
stical analysis;.

Tho ,r,..nt..., z;.ts out irnror.atinn cllected cocr.;.nixg Trial C4O,
the trial at , Ah)rporth, in ";;hirh '71, aisailc are guided along the
lcm af a moifi, d S$ '1, radar r-:t. A brief outline of the firings con-
sid.rui is s-t out in th t'b2lu formain;J A-perndix I. The purpose of the
note :3 to pr*-s-nt a -!n-ra1 picture rf tau course of =ny one fir-ig and
to provide d tails about a nrii.r of f,:at,1r,:-. Ths, inolude:-

(a) the ti::." fcr fillinp te msU-;il ; with liquid oxygen,

(b) the time at -'hit-h maximum speed is attained,

(C) the raxmum speed,

(d) the ti-nm at .hijih the brot neparates,

(e) the speei of the misnile when the boost separates,

(f) the dispersion of thet misailo, after boost separation,

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

(h) the time when the guidance beom steadies for gathering,

(i) the speed of the missile during the programme,

v (j) Mhe slant ranfe of the missile during the programme,

(k) the time when the motor thrust ceases,

(1) the direction of the radar beam-riding axis.

The information concerning beam-riding systems which the trials were
designed to pupply is not the subject of this note. Such reaults ar'e
presented in detail in reference I, which covers the first fimb rmadso
and later results provide the basis for oompariaon in reference 2.

4.3 Almost the entire main text comprises a aumary of the remits *iob
ame dorivod in a seres of appendices. Generally each appendix starts
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with a table of observations gathered from the details published by GTW
about each firing. These observations are then summarized in the form 01'

c± x where i is the mean and ax the root mean squared deviation
from the mean (abbreviated to r.m.s. scatter). These two parameters
suffice to specify a gaussian probability distribution

2c-

(2%) .2 ~ -

wherever this can be regardei as a ru.a.onable fit to the distribution of
the observations.

Salient featurts of the gaunsian prcbability distribution are as
follows. The most probvblo value of tht. variable x i. the mean value
R about vwi-h the di;iti4.bution !io.-tri . Deviations (positive or
negative) of the variable x fnnm thj r. .;n value R of an amount grattr
than Cx have a jrcbabiliY 32 i -v iationj gre. ater t.han 2ex  hav. a

probability 5". 7,1.,-;rcvr it i:; n,. :.a n, -t to iard outsij chance3, it
is a -o-mon prartie, to r -Lr] th,. vu 'able a.: ! 'r between x -
and + ' COx, and to irnoru the 5, pzr- iility that it lies outside.
If the bound cn the variablo i; not .s Zt i'i~a2 but on,-sided, it wa.," be
noted that l,. oIf th nrcb ,Lilitv; a. :ot te zalus of x less than ;x:
or greater than x- cx.

F'requcnt rufurence occurs tluowhout thc not,. to the a=lar meazure.
kncvn as a mil. in or-ler to cnfor-. %,ith th( 4i-al markings on US radar
auts, of -;hi-h th. ZrounI radar u:;,z- :'or iruidanie is an exaple, the
definition of the :.il i:7 that .1,45 mil: fczn ont r-cmplut-t revolution.
Thus 1000 mils ,ua. C.9 17 ra.ian vrith th r.imlt that one mil is onl.'
approximately equal tc nn- rdilli-radian. cr.vursion frnm mil-; to degrees
follows from th-. ,!jtality i". aiis 1-Io

2 Outline ci* Trial ,'40
2.1 The RPVie is a missile rf !r. th 7. feet, body diameter 9Pt inohes,

all-up-,feight 15 lbs with four -wings of rcutangular plan, steered by
all-moving tail surfaces in an up-dvan and left-right tpe of control.
It was designed as a tent vehicle "or bemi-riding puidance and control
systems. The round is accelerated to supersonic speed by a tandem boost
comprising seven 5 ir.lh rocl.ts. The boost falls away from the round as
soon as its impulse is spent ard the missile flies on, powered by a
liquid fuel motor, which sustains the speed for a farther twenty seconds.
The missile is gathered in th. beam of an S_'R 5&4 radar set, modified for
guidance and usually referred to as the 534G. The missile rides in the
guidance beam for as long as its speed provides enough lift to control it.
More details about the missile and its epipment are available in reference
I and in the bibliorraphy listed there.

2.2 The course of the trial once the round has been prepared for firirg
may be outlined roughly as follows.

(a) Approximately 500 seconds before iring. Filling of the liquid

oxygen tank in the missile commences.

(b) 120.seconds before firing, As soon as liquid orgen starts blowing
off, indioating that the missile tank is full, the fire-oontroller
starts an automtio sequence viiich fixes tho time of fire to occur

R, ~
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two mintt. lato'. In the cour.;e of thi3 sequence, the guidance

and control cirruit. aro warmed up on external supplies and then
: swit'hed n-v,e tc tiie intcnial batt,:ries.

* (c) 15 i e'onfi b'fcrc firing. The umbiliial plug is ejected, cutting
off all mrnitori,. ('f thk minzilo ex0)t by the t,..elmetry.

(d) Firing. Th, . -i . l ,'ates up the laun.-her aligned at an
e.!,.vation to th,: orzontal (rquadrant eluvation or QE) of 30 degrees
on a beariirg of 3;5 ,

(o) 3' eonic aftur firii4'. '2h, boost motor aeparat!:3 from the r.zsile.
-a .t , ,l rc,-' '1. eond earlir than this. The

at cf 3._tparation i int' n m atctmatin 3tquunce in the missile
wvhih ioni4 .. th, mot(tr after ! nenond, swithes on the
rcll ztabiliatit.n i ., r aftr ,o.paration and 3v'ritohes through
the gi1u. ,  .u " -- r-,cnd. Fxt,r 'oeparation.

(f) 6 1 nri %," t- iis. An oticaJ. tra'-r:a to which the 58V1 has
been -... har.nint-d in alinud to iithin + 10 mils of the
sight line tc, thca..- , an i thcn left steady, so that the
miszile" -or. rcbv~z t' t?.e b.!,o axis.

(g) 10 1-'cnd. - 1..; mi: zile has settled in the steady
rud-!=n,- b,%i a:' -Tr. 7zi !re' gathered. The prngramme set
fcr t-' ti l .;twt;i b in automatii unit which moves the
<u.:L]hncu b.a

(h) 2 scnrz a:'t.. fuain.r motor oeasvs to thrst and
... rmiz l: ,tart-; ... l rote rnipidly at nbout /3 ft/see . With
the fall in ''. : th ir.r:aed -dtitude, the aerodyncmic lift
decr.eLaM;,.3 ani i - slaeKr to control. The progrmme for
the tria 'r. , ,t x b. t" "ine

After thi.; f ct' (t.-;, tl:..,n . st,%; in thte course of the firing

will be na atsed -n-Ari'_.

3.1 Or.ie the fillin- f 11l ox:'ven ha3 begunm, the round must be fired
or elze left for many ',our.; *intil all the oxygen has evaporated and the
round warmed up again to ambicnt tisperature. At any time before the
instant of fire, the -ceutzcne of operations may be stopped and firirg
prevented, but if - fault oocurs while there is oxygen in the missile
tank, firing ef that round will be delayed for a day.

3.2 if all -oes well, the irztant of firirg occurs between seven and
eleven minutes after the start of 'iling the liquid oxygen tank. The
firing is unlikely to takt place earlier than seven minutes from the
commenemnent of filling because of the time taken by the operation. - #
For the firot few minutes the missila tank scare'y fills at all, since
the walls are not suffioiently cool and boil away the liqui oxygen as
fast as it pours in. During this period, the walls of the tank iol
until they are belcw the boiling point of liquid oxygen, and then the
tank starts to fill. The instant of firing must not be delayed beyond
three and a half minutes after the tank becmes full, for if the cordite
expulsion charge is chilled too much, it fails to produce enough pressure
to initiate the burning cf the smstainur motor.

3.3 Because there is no gauge to measure the contents of the mis ile
tank,, it is difficult to control the instant at whioh the tank becomes

-~ V
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ifull and starts to vent. Hitherto, there has been no need to achieve a
constant filling time, etnd the figures analysed in Appendix 11 show that
the operation takes a variable time of

!~minutes 33 seconds + 55 second$

of wihich the first time represents the mean and the second the r.m~s.
scatter. These results were from 25 rounds of the type RTITI taken over

period of four months. Greater c-onsintency appears among the last
twenty of these for which the tines viuru

6 minutes 2 i seconds + 37 seconds.

Over the last ten of these observations there was some attempt to achieve
a constant filling period, and resulting times were

minnutes 3. +e~nz 3 enOndA .

tieBy controlling the rate of fillin ,, it may be possible to alter the
tieat which the misaile tank in completely full, but with no gauge o~n

the tank, it appears optimistic to hope that the scatter can be reduced
below 15 sconds. If' it can be , and if it is asied that a gaussian
distribution aple,95'> of the filling periods would lie between six
and seven minutes.

3.4 As soon as the liu,1 oxygun tank is full, it vents a spurt of
"1steam". This iz runorte' to thc fir, -contrrll-er v iho initiates the auto-
matic t-mo-minute sec'Lience to firing. 'turing tho tmo minutes before the
sustainer motor is caled upon. to i~nit,., nlbout 10C; of the liquid oxygen
boils aza- and3 lunvt~ suffiimt iiilrie spaee-- for 'the cordite expulsion
sharg,- in the next compartment to function properly. It is necesary
that the oxygen tank should bf. full at the stnxt of the two-minute
scqeca in order that the motor shall not fiil tarly thmugh lack of
oxygcen.

It appears possible that if a eixod timIng sequence were required,
the initiation '-'f the two-minute se~'necmuld be (Ielayed by up to a
mi~nute if necessary , so that it '-oul alnost alwa:.s occur exactly seven
:rdnutes aftter th,) -,msene.sent of f ,llin . TWing the delay, the exygen
bottle would -stand by and continue to pour oxyfgen into the missile tank
in order to keep it full. Unless, this dcla;y in starting the two.'esnute
sequence can be prolonged beyond a minute, there is no disposable time
in initiating the sequence which leads to firing.

The variation in ±flling time is a measure of uncertainty and is
not a tolerance at the disposal of the fire-controller.

3.5 During the two minute sequence, the guidance and control eaipumt
is ru~n up, on external supplies,, and monitored as a&last-minuate check,
At one minute to firing , the 5%G~ trangmitter is switched on and at
30 Sea to firing, the missile is switched to its internal supplies.
A quarter of a mnte in available for monitoring these. At 15 Seca to
firing, the plug connection is ejected from the uisaila anm all Moni-
torling oases, except at those points vic~h transmit over the telftstv
channels. At this stago, some short delay could be introdmood btfbra
fivirg if it should prove necessary. Heoating of the receiver i~osa
qWer boum4 of porha~ ten a soorrdi to any such pause, as it *Ifsdrtt.

of he leosio 104s.2 vMokhmlght rVew scrou * tyeuftt~te'z etaweltoit ea Vase ,lo
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4.1 The act of' firingw on sts of' i.,nitirip the boost mtor, and is
accomplished through thu atttomatic timt: nyitih whi h starts two mimtes
before firing.. The rcund aoceieratf~j up tno launcher and moves off with
an acceleration of about 1 5g,

The results detaile d in Appendix III shax that the round (cmprising
mislsilfe and boost) attains a maxcitium speui of 1581 ft/3tue Yith an r~m.s.
scatter of Z.2 ft/se at a timt. aitt~r fring of 3.1+0 zseos with an r.m.s.
scatter of 0.25 ac. At approximately a quarter of a second later, the
drag on t14 boost vxctueds its .:-, zhn thrust, and the missile flies
ahead since it ,expcrionies less flirag. This ;,-!paration cc-urs 'it a
mi~ssile speed Of'

at a time after firing emf

The separation oscurj at a slant ran. :'r-. the guiianc-i sect ci' about

4100 3 300 f -- .t.

14.2 The qit rof stparation, itiat...s in the, mi-srile a s-hort sequence of
evey-nts. !a1,lf a zeeni Jter roar.lionr, tht. z'rzt-drur mtor is ignited.

.4~aration of the boost n~ i-.itifr. d' th- li-.rii futel motor cause
rm-,chanical :;hc/-'k3 an-d vibration i~.qa- p~. rndno - puricu7 olectrical
zignals in both the rT f-Idiztin~n3th ~ anou, equipment. For

* this reason, th.; r-11l iiitsc ±:r -wt*.d or, half a wzcon3-1 after
the motor has.. !it. After th*.;, .;! ,nd I.~ lovied for the missile
to attai.n -it3 r-orrect mil attituje b'or the guidanece signals are
iwl i-,d on.

L~.3 Up to rPbcut six stxconds from ±iring,, the mis;sile flies Unguided.
Zuring this period it passa through thv. t-wo op rations of launching and1

s.parating frcm the bcost, both of whi'nh inuso unpredictable impulses.
As a rcsult of thcs, and atlso mia lirrint Enf the boost and missile,
individual roundis are dispe-rse d about the moan pn.th vhiah they might be
exp.ctel to follow under the influe-nce,, of gr-ivity a~nd =n ideal thrust.
Appendix TV contains a discussion of the observations, 'whi~h arte plotted
in various ways in Fig.-. Z-I, All thcse observations are referred to--

a ixel straight line which ha:- Pbeen crlled the .,thering line, the maean
of the directions in *;dich thi radar beam is left steady du ring the
operation of' gathering the missile into the heam (see the next chapter,

fire of the pAunohor (bearing 355 degrees) and at %n elevation of 19
degrees nbove the horizon, ii degrees below that of the lainchor,

4.1+. The displacements of the roundq from the gatherirg line at 4, 5
and 6 seconds after firing are shown in Figs. ;v 7 and 8. These are
followed by Figs. 9-18 which resolve the dispntheemont a into up/down and
left/right components and portray the distributions of these components.
Four of' tho drawings concern the differences between the suoeessivo
readirgs and so ropresont the meam laterr. volocit ios of the rounds. The
final throo 1'igures ruabfed 19-.21 show the dispersians of the rota A~s
they vopul4 appear in a telescope centre,4 on the gatherq line. of-the

fite r vd h3,h were still *2~i a~t *6 sawon afterIU~ an~~6
ypea? ito et.y ithUit -fl or *1o o Or do 'e htws . )

sconds st.*. h ~~eo the 4~io t~sthe fie* ot'viow

a, riv -,,i -h -l~l on

0 ,



of the present optical tracker (55 mi.le 3 degrees in radius) and i.t can
be seen that twelve of thie rounds remain within it over the awe period
4-6 seconds. It seems that at acme instant, all 15 rounds would have
been in the view of the present optical tracker if it had been pointed
along the gathering line.

4.5 The table below showvs a brief sumary of the displacements of the
missiles from the gathering line at four,, five anid six seconds after
firirg.

Displacemints of ~is Lerom GatheriM Line

Gathering line in at elevation i90, bearing 355c.

Time aftor firing (seconds) 4 56

Kean~ lisplaceicint (feet) -471 1, .~2 -571 31

R.m.:. o,"stte.r (fe~et) 134! 105 1921 140 14 41

Thew jistributiona of these observations appear to varl as the tine
incroases. Ju.;t after suparation. of the, bnoot at four seconds after
firing, Firn. 9 and 12 ;hcv: that a normal gaussian distribution would'be
a roasonalle fit tc both the distributions of the- left/right anid up/down
components cif the dizpluc-rnents. At five seconds after firing, Figs. 10
and 13 rhawi evidencu of thre- humps in the distributions, and by six
scndz aftor firing, thi:re is a :listin,-t indication of a triple-peaked
distribution of the. ccmpnerits of thc displanenerits.

5 GatheriMg the Yiz l

5,1 Onc" the gtidarice eqjuipminont in the missile has been switched in
(between 5-7- and 6' seconids after firixw) , it is possible to gather the
missile into the guidance radar beem. Sinn-e the direction of the radar
beam is inmaterial for the -,onduct of the trial (apart from the safety
limits of the range) , it is possible to point the beam rouighly at the
missile and allown the boom riding guidanceo to steer the missile into the
centra of the be=u. This completes the gathering phase. It dispenses
with the neced for .separate gathering, e'jiipment, i'hich would be essential
in any beam-ridirg weapon rystam ;Ahozv the gaidanoe'radar would normally
be engaged in tracking a target.

5.2 The means adopted for gathering the missile is to gang the dish of
the SCR~ 584 to an M12 type optical) tracker which is controlled by two
operators, one for elevation and one for bearirg. (See reference 4..)
As soon as the sight line from the optical tracker to the missile becomes
rcasonnb'l stoationaxy, these operators centre the cross-wires of their
telescopes on the missile. When the missile appears within a box + 10 mils
frees the oentre, the optical tracker is loft steady (referred to ss
Olockirg' the beam) and the misaile allosed to recover into the stationary
beam. The mean of the directions of the guidance beam when it in left
steady for gathering the missile has been called the gathering line. It
is at an elevation of 19 degrees above horisontal, oan a befring of 355
degrees. It points at an olevation it degrees belmw that of the 3aanoher
ard on the same boaring*

5,1 J I rr to e0004e o'lt* 0. an eS*,ta enth
pratic ta' heOXire.W o h pi4 rce oM20tema

oft the la~~~~z~~her. This t~ A.kiau2*e sueha osbeb
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choosing the line of fire 355 ipgres no that the launeher bears straight
away frosi the optioal t rack~er and the radar. However much this reduces
the turning needed in aninmuth, hiph rates of turn (50 ils/seo) axe still
needed in elevation. Novi that thoro are available the results on diaper-
sion detailed above, it appears to be ponsible to leave the optical tracker
centred on the gathe.rinp, lino, and to wait until the missile appears in
the field of view before; moving it. By rouuring the elevation turned
thrvmigh from 350 mil,- to about 5'0 mils, this might help to speed the
operation of gathering.

It cannot be )xpucted to reduou tho diipersion mf the beam about the
gathering line. Tetviulve obse.rvations of beam dispersion considered in
Appendix V are plottei in Fig.27. Thia may bo comparod wtith Fig.21, whioh
shows the disper Sion of the mi;silua at ( seconds aftfer firing, i.e. at
about the time w.hon guidanc. 3-s szitrched in. The scatter of the beam
eirections after th -.isil'ths havc bi.er. gathcred Vqpars no largcr than
the scatter of the si,7ht linues tc thu mis:3ilis. junt before gathui.ng.
This implies that the prf. cnt ttsnhniqut. of' Fathkcrinp is reasonably effi-
ciont and contributes veri, littlo to tho dinpersion of the be=n about the

L gatherirg lino.

5.4 The obsorvatior.-s frcz Wh'-h ipi.27vs dran are li.-ted in Appendix V
together with the details of thu rii:tributlicn - uggeztcd for the elevation
and bearirg of the gu~iddrive beam wher it --- heldi stoadyr during gathering.
7hese distributions are not sipe-asnones but need to be triple-
hmwped to norrespond with tho.&,. of' thu iinpvrs7,irn -~f the missile before
gathe:.rdng. !.*he actual diztribution,, of t ,e obs-erved bearings anti cleva-
tions arc showmt in F'igs. 5 wid 26. Thc cutccm4e of t!he disctuision in the
appendix is that about 95., of t'e ron'saegt~rd~n aig ewe

~55 mils L+ 3 dcigrous) of tihe Unf fire, and 95> of the round3 are
gathered at elevationn btwee ! is(2.5 degrees) of the gathering

0", ~ line, vhich is at an. elevation of 335 mil 0i9 deg7rees-) above horizontal.

5.5 The slant range of tho missile -whr. the gid ance beam becomes

steady is

V ~he time after firizn - --*ich the. guidance bea becomes steady is

f,.60a 1.03 sucond3 .

The mean of these times is only one second after the missile guid-Ance
has been switched in. Since the guidance beam does not move very rapidly
just before it comes to rest, it appars that many of the rounds commAence
recovery into a nearly stationary beam as soon as guidance begins.

If the distribution of the times to when the beam steadies is
assumed to be gaussiant the bean would have 95,1, probability of beirig
stationary by 8,5 seco-nds mfter the instant of firing. Sinae the missile
may appear as much as 10 mils from the centra of the beam when it steadies,
%~bout 2 seconds must be allowed for th(; recovery from this displacement.
Thus it is considered that by 10 sotmonds after firing, most of the mis-
siles have boon gathered into the gmidance beam, and it is possible to
start up the prpgramme aet tfr the trial.J

6.1 *0 he~ 13 00o latter haheig a booui oavito, thoa Eiaie

is afreetod bv mwom~eti ti the, SU4.aooe be~am aec t .4
fl~ w4Zo te 4av ruw

ki'Vrf *hat#-
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from the guidance set wre than doubles. Figs. 1-35 show the distribu-
tions of velocities at 10, 15, 20, 25 and 30 seconds after firing and
Figs. 36-40 show the corresponding distributions of slant ranges,

The mean speed between 10 and 25 seconds ater firirg approximates
closely to a constant deceleration at 10 ft/see' from 1380 ft/sec to
1230 ft/sec. An approximation based on the same deceleration appears to
fit the slant rmnes also. Figs. 01 and 42 show the fitted approximationes
to the velocity and the slant range of the missile and indicate the magni-
tude of the r.m.s. scatter. The scatter of the actual observed speeds
about the fitted mean curve is considerable and increases abmost propor-
tionally with the tine after firing from 6& ft/ec to 160 ft/see. This
has been indicated by the broken lines in Fig.41. The r.m.s. scatter of
the observed slant ranges about the fitted curve appears to increase
almost as the s3qaru of the time from firing, increasing from 400 feet
to 1700 feet.

These facts :uggust that all the missiles achieve roughly the same
speed soon ofter launch but that the individual rounds decelerate at a
rate which varius from missile to missile according to the distribution

10.0 + 6.4 ft/sec2 .

6.2 The motor was designed to maintain a constant speed of 1300 ft/sec.
At the heights reacicd by the missile dmwing the progrwame period 1300
ft/sec represents a .....h number of Rf= 1.2. Much below this speed, the
acrodynamic stiffne:a of tho riszile response falls away and the control
becomes undesirabf; slack. By 25 sconds after firing, the average speed
of the missiles htz fr-Ilen to '230 ft/see (M = 1.14). It is shown in
Appendix VI that at about this time the motor ceases to thrust, after
which the deculeration is rapid at 40 ft/sec. At 28.7 ; 2.7 seconds
after firing, the micile speed falls through the value i0 ft/sec. By
30 seconds after firing, the avernag pevd of the missiles is sub-sonic.
For this reason, it is gencrally arranged that the usefal part of the
beam programme is completed by 25 seconds after firing.

7 Conclusion

7.1 The note has shown how a missile type R"Me is fired in the eourse
of Trial C40 at GZT;, Aberporth. The speed, slant range and dispersion
together with the times of major events in the course of the firing have
been smumarized for the first twenty rounds fired up to mid-June, 1952.

7.2 During the operations of lauching 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 feet and lateral speeds of the
order of 50 feet/second. If the present optical tracker had been pointed
at an elevation eleven degrees balm that of the lmwher elevation of
thirty degrees, and an the suse bearing, all the missiles would have
appeared at scme time inside its + 3 degrees field of view. With a field
of view of + 4 degrees, all the missiles which were still flyiM oorreotly
would have been visible over the ".tole time interval frow four to six
seconds after firing.

7.3 Dur-ig the progrmme period from te. to twety-fi soad after
fring th2 missile th arg roe8 of t .dreases at

fro 1&)ft/see to 123 ft/sec. The soatter in spoof bWtftf

~ mesa su~ r.*~oof the us.. A~oteas"
;7#"7
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7,4 From sixty det erairations, the bemoorlding direction ot the gimcos
radar aeria measured by means of a ing-aerial mounted on a mast appears
to be invariant relative to the radar dish. Relative to the reference
telescope fixed to the radar dish, the beamooriding 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 beamooriding direction has a root moan squared
scatter of 0.7 mile in both elevation and bearing. The accuracy of hiar-4
monizing a maovaible reference telescope with the beamo-riding direction
has a root mean squared scatter of 0.8 mils in both elevation anid bearing.
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APPENDIX I*

M. Summary of the Firs t Twent-y Firinas in Trial MO.

Round rjectile Daute I
Number Number Fired

1161 11.5.51 Explod-cd about time of boost separation.

2 216 31.5.51 1 -oll gyro precessed and provided wrong
datum.. Rode beam but in a divergent spiral.

3215 1751 B~roke up about 12 seconds afte~r firing.
Gathering and recovery into the beam

4 21g 31.83.51 First gucacsful bea rider: beam stationar7:,

f 5 218 I24.10.51t Oil unit f'ailure: self destroyed 14 seconds
after firing.

6 234 12.11.511 Fzxlodod about timpe of boost separation.

217 10.12.5 Failel to roll-stabilize: soll' destroyed
10 n,.;-ond3 aStur fi.ring.

8 284 12.12.51 S(:salnight shoot. Rode a beam
stvpp'oA thro.wh 6 mil3 to the right at

9 235 2M..52 Mtjimittent fault botaou*n guidance and
-'ontrcl. equipment.

)10 287 29.1.52 Propulsion tsiled.

11 235 2r.2.52 Rode boua stepped to the right. Thruast Of

motor con-sod early.

12 286 27.2.52 Propulsion failed.

13 28 .. 2 Failed to remain in beamn moving upwards at
120 roi2s/see,.

14 288 11.3.52 Sucnessfully -rode bem moving left at

15 304 1 2.3.52 Fhplodod after violent boost separation.

16 349 26.3.52 Rode beam stepped diagonally left and up.

Thruast of' motor low.

17 355 i7.5.52 Faulty beua progrme.

18 330 23.5.52 Rode beam stepped diagonally. Now con-
figuration with aceelermeters forward.
Fins looked 20 seconds after fir~rw.

19 348 29.5,52 Failed to ramfAn in beva aoolertixg left
falu"e it 14 sconS,

Z030 1~2 DcttAa

- -



Teoh N~ote Nto. GW 239

Time f'or Filliry Mii sile Tsith Liquaid Oxygen

21
* Observation 31 4I 5~ 4 7 8

T-a 1 ('4.1 4 k'41 '40 (10 40 '37 00

Round numiber 4j 11 12 13 20 14

Projectile nuber 275 276' 280 1236 128 285 326 288

Time (mins S. seo3) 15m, 3719m 525 4Cm 3217m 03 5m 43 5m 06 5m 34'

Observation 9 10i 11 1 13 14 15 16

Trial. 78 C40 A3/11 C-401 C037 C37 ('40 A9

Round mimber 2 15 17 1 j 21 22 17 38

Projectile number 302 304 3 37 i 4 351, 351 355 335

Date. 1952. 12-31 12-31 21-31 24-31 28-4 29-4 7-5 12-5j

Time (mins Fe seas) 14m 08 1m 08 17m, 13'5. 5417m 01 7M 30 7m00 (m 27

Obzervation 17 18 19 20 21 22 23 24 Z
Trial 1131 31A/! A9 0 40 A9 (140 040

Round number 210 2 22 39 18 40 19 20 1

Projectile numnber 24.6 2 47 3118 i336 330 382 348 350 381

Late. 1952. 25!16-5 16-51 20-5i 23-5 26-5 29-5 17-6 19-1,

Time (Mina sees) 14m 33 17m 02.7ri 30 Fm 14lkm 30 1CM 12 6in 33 6m 29 6M 00

The filling times quoted above were supplied by Yr. R. J. Pulhler of GWTW,
Aberporth. They are plotte-d in a histogram in 11g.1.

Take an origin in time at 6 minutes 30 seconds. Sucoessive devi4-
tions from thia are (in seaondis)t-

-53 .202 -41 +2 +33 -47 -84 -.56 -22 .22 +43 -36 +31

.60 .30-3 .3.3 60*16 +0 -.18 +3 -1 -30.

Thus the moam observation is x 70 2.8.
25

S~~ar, deviations ZaV be v*itten, dow ft-Mm n qotiop of a tabue

Tb. m.~ s~z'e 4tion"Itzw 6 Zins, 30 awsM279e*@
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Therefore, the root mean squared deviation from the mean is

54.52 seconds.

The observations may bc described by a mean and an r~m.a. scatter of

6 mins .33 sucs + 55 seconds.

3y a similar analysis, the last ~v'cnty observations give a mean and r~m.s.
scatter of

6min3s 2(, sicos +. seconds.

The last ten observations give a mean and an r~m~s. scatter of

6 mnI-m Th4 rs .. 24 seconds.

Th,: histog=~ of' these otservations z hcwn in Fig.1 indicates that the
results would be reazona-bly retrvsmntd by a gausaian Murve apart from the
second observaticn. Ther- arrlar,3 to bu saneo tendency to skewness with
higher probability of pozLiUva dt;-iationz from the mean than tbr negative
deviations. This is unr. ,rstar.vable oinc,, the operation of fillirg is
certain to take up at lemzat zxoo particular length of time whereas it
might last out ovc.r nny lozF, :ntf;-val.

%

34j
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Tim"., and Vtolocitiepp 't ixaxtmm sjcqd and Bloot Separation

!Rotid niuber '0/ 2 3 4 ;s;6 7

iEaximia nnn ed I V15! 159C 159C 1590 11550 1550 1%50

T-4me 3.251 3.30' 3.55 il3.30 M.'5 3.65 3.45

Speed at sunraraticn ±'tblwl 1576, 1575 1575 15401 1540 1547

Timie - 3.55 ;13.69 j3.64 14.07 4.09 3.64

Slant rnxw-e thcusnanis - 3.7 3.7 4,2 4. 8 4.0

9 1 0 ,l1

Rcundr nb.-r C4L.0/ B 9 10 1 12 13 14

Laximni r~ ft/sec 158ol 1532 1575 1591 1619 V(13 1579

7ime 3.50j 3.35 3.20 3.18 2.96 2.93 3.5 1

S pe l t ,. ar ti ,n f t 5- 1 5 0 1 51 7~ 15 56 1 5 74 16 0 -, 1 '08 1571

73""75 .7 !3.F . 04 3.:*3.28 I3.80
Slvj~~t rre tOafI5 ,0 3.7 L.0 -?.1 34.3~

mcue3nrb-.r 15 14 17 1 9 2

-aximurn speedi I't/5e 15F5 15'01 1579 1580 14~00 -

7ine 3.c .~ ..1 ,7 3.30 3.20 -

Spced at separation ft/ien- 1560 1546 I1545 '572 1597

Tim 13. 7 4.07 4.0N 3.41 3.39 -

Slant range thousand3 4. 4( ,6 4.2 4.1
of± f"iet

These reaults liave teen accleated wherever puasitle fromi the minutes
of' the 1'irixi7 conferoncez held periodically at RAL, Parrnborough to consider
the resultsa of each riring.

Successive erb4rvations of the mizAilt speed are quoted at intervals.-
*of~ about one trientieth of' r eond. Tho timun quoted in the above table

are liable) to errors in measurement considerably greater than this. The
timse of maximn v~locity if measured from a graph requires estimation of'
vhete the peak of~ a curve lies. Ir it in read from a table, small errors
in the meaurement of the speed -ame lJkely to disguise *her the tmae
mauximau occurs, The tim~e oft bot nep-tration is lible to vavyig inter-
-Petti between differeat obevivers somaim *tgte hus or .ez

rooords,.and so. he vdo rpaybiwei ~~t~ e,tiU'
ot es for 9iot~nM Of 400 ee

7 -~ ~ 'R
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The 19 observations of maximumn speed give a mean and an r~m, a
scatter of

1581 + 22 ft/seo.

The 19 observations of the time after firng of max.imum speed give a mean
and an r~mes. scatter of

3.40 + 0.25 secon~ds.

The 18 observations of' the missil.e speed at boost separation give a mecri
and an remese scatter of

156(, + 24 ft/sec .

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

3.67 +0.25 5econds.

The distributions of' these results are ;-iown in Fig 3. 2-5.

A-he observationz of' the slant rangeof the misasile when it separates
from the boost have been rea-d from the published sheets of the radar
range. No such records -.Ytre published for round~s 6 and 15, both of which
exploded soon after ac',artion haid takcn place. The observations for
rounds 11 and 13 were 'read from the kint;-theodolite deterisination of
range since no ralar ranges -*-re quotad in the vicinity of a3eparation.

Mhe 16 obstjrvatioria of tht: slant rane of the missile from the
guidance radar at boost separation Cive a mean andi an r~m.so scatter of

4.1 +, 0.3 thousands of feet.

5

Rill II I
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I&Wl IL

Diapartsion of the -ineilq at Laauwh and at Boost §eparation

Displacmwnt of the lin:ilo frcni the Gathtxrg Line
at 4., 5, (6 seconds aftor Firing.

Displac'emunt 1'ee;t Average speed ft/sec

Time I
after 4 aees 5 ven sees 4-5 socs 5-6 sees
Fi.ring _____ ________________

Nuber 4 ' 1 itR i/~h

2 20317< 1, 185 1021 4 0
3 -151 1 182! -241 1 6(r -311 1321 -90I -16 -70 -34
4 -139!1 461 -41 133; 141 1 197' 135 87 165 61+
5 10 1 -29i -231 -37i -4( -.991 -33 -8 -23 -62
7 70! -43! ()o1 -45 -0~ -341 -10 -2 40 1

8 -23! 171 47 J 20! 335' 0 83 3 81
9 -212' -5 -332 -571 X -2 2

10 -175 -39 -250 !-53, -336 -78 -75 1-14 -86 -2
il 137' -8! -12l -9.Sj-3V -16, -.7 -1 -104 -

-230 1 141l -53i 223 i -59i 2701 i 231 82 -6 47
13 -47 1 83 ' 376'1 17; 1-4 247i29 95 -7 6
14 150~ -39 i -2~ 257~ _4 52 37 55 -2

18 50 i-23 (5-(2 2 ;6

These diataziees and speeds havLe been calculated from the records of
missile positicn obtaired k-, inr-th,cdolit,.i. 7hcy arm measured normal
to a fixed direction v~ttkh YrIll be called the gatherirg linc, since it is
the mean line on which the missiies are gathered inothe radar beam.
This gathuring line points from thoe guidanc radar set at an elevation of
19 degrees (338 mi-is abovte the horion on a bearing 355 degrees (-89 mils
from true north). As read on the dial.3 of the SCR 584G, this direction
wold2 be at an elevation of 340 mils; and a bearing of -105 mi-ls from tho
radar north. The lauincher from which the round flies points -on the 3me
bearing as the gathering line but is inclined at an elevation of 30 degrees
above horizontal.

The kine-thoodolito dote.-nination of tho missile position is tquoted
in the published trajectory data shoots in the flom of three coordinates
based on the guide radar as origin: the hoight Hi, the northing N

4IV. and the eastirg 2. IThese coordinates arm referred to the line ofr fire
A ~ so that the northirg is measured along a horizontal Lim~ on a bearitV

355 degrees, the hecight vertically and the easting normal to both theQ!
other direations. Theo distaes should b,; accurate to within 5. feet.
They maxy be converted into displcowmnts norwml to the gatharZW line,
X the left/right displccouent and Y, the up/down displ*moment, by memoe
of the following relations s

~ '~.X
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These displacements X and Y can be calculated for the instants sam~
in the published data sheots, which are spaced at intervals of tim a
quarter second apart. The displacements at 4, 5 and 6 se0OU4s after
firing are found by interpolating.

The displacements of the rounds at 4, 5 and 6 seconds after firing
are plotted in Figs. 6, 7, 8. Since separation of the boost occurs about
3.7 seconds after f'iring, the displacements at 4 seconds after firing are
almost entirely 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 separately and show that both sets of displacements are
grouped closely togethur. By 6 seconds after firing, the effect of any
extra dispersion at boost separation has become apparent. At this time
the guidanco signals have only Just boon switched on and so have not had
much time to take effect. The separate distributions of the left/right
and up/down displacements are shown in Figs. 10 and 13 for 5 seconds after
ft.ring and in Figs. 1i an4 14 for 6 seconds after firing.

The average lateral speeds over the time intervals 4-5 seconds and
5-6 seconds may be deduced by subtracting the values of displacement
quoted above. These velocities form the last four columns in the table.
The distributions :L" the lateral velocities in the left/right and up/down
directions arc shown by Figs. 15-18.

The following table shows the mean and r.mes. scatter which is pro-
duced by iombining all tho obsorvations-in unch of the ton columns of the
table above. This too shovurs ho the dispersions of the missiles open out
as the time increases.

'fTeIbr R.mosoatrObservation of Ifa soatter
observations(fe) fet

4 Left/Right aisplacement 16 -47 13,4
5 16 -66 192
6 15 -57 244.

4-5 LeftARight speed 16 -19 73 1
5-6 15 -8 721

4 UTp/Dom displacemnt 16 4 105
A5 16 126 140

6 15 31 18.

4 -5 Up/town speed 16 23 4

Inspection of Figs. 11 and 14 Ahich show the distributions of the dislaae-
ments at 6 seconds aftar firinig indicates that the aissiles tend to sort
themselves into three groups. There is little sigp of three groups
present in Pigs. 9 and 12 which show the displacements two seconds earlier,
and so it may be deduoed that the act of boost separation either Imports
to the missile a large Impulse or amall one. With refes.c to fti p4
the missile either suffers a sual shook and flies on with smll deviation
like eight of the rounds, or else it iverges upwards 2MS nonds 2v,3,4P
81,12,13 or; donwrds like round 18.

Trhe subdivision iato woUns1 Aidt ~hg~ low u-a 1A betwee is
k,"tal.O aiso h pdw ao~t tmpspsbut

set bmid*~st30 t~omdeltoerssbg ~s*o ~a.g -ye elaot hntiZ at*t ed naee

4,8 1 a6 le ih, it owi ~ u iaethto pu
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observod ntraddle tho boundary. However, on a basis of up/dOwn displacu-
ment, it appears pnssiblu to sot a similar boundary at 100 feet from the
chosen origin, and this ,;ueg,.qt3 that tthu nix rounds 2, 3, 4, 8, 12, 13
fl,.v high. Thu irlusion of round 3 amongst the high flyers is not stir.
prising riince it qppcar~i to have undergone an unusually smnall tip-off
froms the launcher, and so was aread~y flying high by thu timne of bonost
sepaation. At ziraration it ;uf'-r,;d onl.y slight further d13pumilon
and sio does riot appuar =noig:-t thosu. ;ith a larg.- upwiardi vlocity. It
may bo notud that th- laivhur wa:; -Jiortonwl after a few rounds had bu.,i
fired in this trial, whiczh may a-r'ount for th-1 uarly rounds flyirg highk; r
than thu latur onlus.

In a sinila- rky it iz ~o~beto s;,t a lowe(r boundary at -50 ft/swi
in tez~is of u)/ri----n -pu -IM liC0fojt in t-mis of up/dovai displacemarnt.
Thin leads tc thu -o .twrion that rtund 18 flkuw low. All the remaining
nin,i rounds*e* in)aaz~ undw;viatcd-. %t cithcr launch or separation
and 4~vcu.) and z'u:3aft.;r ir. flew viwithin IXC ftet of the
gathering line -.rith a 'atteral szpriv !,,33 than 50 ft/seec in the up/down
direction.

acn: r ioni'rationrtapl- to tiv, l,;ft/rght loordinatn., vhic-h is
the horincntal ilr ia - fm-,.±roz vtrtirnal rlan-e containing the line . of
fire and thu: ;--th-rin-, Wie 'th thee orizorntn ldeviations, the, din-
"Um tion b loft , uaile i right i'>ers is raore diffic3ult.

Fazedor. cn a -ririr; in~to v, oc-Ziz-, th*fbllcvr4 table =-r.arizes-
the ird'onration azU a me;an an]! r,.n*z* -,attcr over the-. pe;riod 4 to 6 reconds
afte r firingr.

Avrn.- L-.t. ral Zneu.A x'rc-. to 6~ seconds

I lmsber i Iean iR ms.

rec-tion {ond2 N,.-bzrs nf l~catter
IObsurvations t/seof/s(

Let/i .t ft 3,?,V ,1213,i9 6 -2 11

Right ',,4I 3 102 3

VerticaJ3  U All 16 11 4-7
Up4,,12.34 77 -

I hiddl i Z,o3 p5,7 p9,1 0 i1;4,1( 1719~ 11 -4 2
Don : 18 1 -82 0

Based on tho same grouping as in the table above, the flelloring table
shows the left/right and'up/down displaoaies from the gathering line at
four, five and six neconds after firing.

/Q4i
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A ccasparison of the distribution or' tie vertical. displacements in
Fig.% witth the iistributions of vertical veocoities in Figs. 17 ar4 18
shows that there is considerable correlation between the displacement of
the misssile and its speed nonjal to the f!,athering line. Considerable

*correlation may be expected between the position 6 seconds after firing
and the mean volocities i'or tho previous two seconds since the position
of' the round is tla cumulation of' the ria'ert of' its lateral 'vulocity.

*The correlation coeffiicient b,.t ,Y3n the up/down displacement of thu
round 4 seconds ai'tvr frmiu (ii;.14) axid tho avurart: up/dowin velocity
between 4 and 4 seconds is

~.903.
Similarly, the horizonts.1 rCiipl&arort of the missilte (iig.il) is corre-
latud wtith the horizontal. lAteral v-lcrit'r with a nofli,ic-It

As u~ itrt.,er step, it r.prp ars na'tural to irKt~ tte iorrelation
botwecen the -,-o ition of t',,e round ahout the time of' boost nuparaItion (at
4 seconds ni'ter f'iring) andl tho sn latrnd v ,Thcrit* subsequent to this.
The correl,%tion betaosi thu, up/du-.viT !Urnpactgment of' the rounds 4 soeconds
a't. firing (Flj.,.12) na thc meum tu,/,f.i vAoc:ity betwtee 4 and 6 secor.c;s
ofter firing has !, coeffitciennt

?he corronpon',img -ouff±'ent t :et.r te left/right lisyTlacement MFi1,.9)
xnd th. e'. loft,'rigt v itv ju.-; t fter,-,-wdz is

Thn mcu±'iicicts me thatt If, f'or ox-inple, th-a ip/dc-,-n displac-ement *1
of theu micsil-, 4cod after firinr, is *er-n the ixmartainty of the
up/dar.J veilccity :,an be- reducc i frcm or. r~*.s-atter of 47 ft/socx
to 34 ft/sec; by usir-, the rvgress;ion line

Y 0. 31 7' 9.

This line re.prese.-3nts the bieet s-traiiht line fit between the velocity
and diz-olaceinent in t1Cet seunse of l.eact total saUareld dispersion 'ibout it.
in other worda the scatter in the up/down lator-d velocity after boost
suparation may,. be resolved- into two components. T1he total root mean
squared oacatter of 47 ft/7sec amy be a -countnd for by a scsttter of 33 ft/soc
which depends linearly on the position of the round together waith a scatte;r
of 34 ft/3ec which is iztependent of the position. It moy be assumed that ~ K
the causa of the scatterurhich is irxdepundent ol position is a random
impulse arising durirg boost separation.

Similarly correlation vith the left/right disperaion X at 4 seconds
after firing can redutce the uncertainty or the left/right velocity X in
the next two seconds frosi an r.m.a. ucatter of 71 ft/sec to 47 ft/sec, byM
usiMg the regression line

0 .395 X +5.

Thus the total root meon squared scatter or 71 ft/seo in the left/right
velocity between 4 and 6 seconds after firg may be rosolved into a
scatter of 53 ft/sec vAiah depends linearly on the position of thi* ri
at 4 seonhds after firing together Vith a scatter of 17 ft/sioc a*riI

The- omponents Ct the -v0410eity soaktoraV bo 'resolved still Partbar
by 0004s4eri:W,%the o.ases-ot the aoOAVW"t -tIor the TWARt at

4 4



Tech Hao No. CX 239

after firirg wiere due entirely to a% impulse dealt to the round as it
left the lotweher, the horizontal lateral Veloci.ty at 4 seconds after
firirg would be I X ft/sea. On the other hand, it the horizontal dis-
persion builds up fromi an acceleration due to misalignment of the boost,
the horizontal lateral velocity at 4~ seconds after firing wouald be I- x
ft/sec. Since the observed velocity lies between 0.25 X and 0.5 X, it
appears that the meoon latirJ. velocity after boost separation can be
accounted for by L, combination of' these twio causes. Since, corresponding
to a particular displacement of' the round at 4 seconds after firing, the
velocity caused by misaJligrjuent of the boost is twice as large as that
caused by launching di.-per31on, it is pocsible to assess the relative
sizes of the contributions fnmm each cause,

Suppose that the ocatter in thd lato~ral velocities of the rounds
af'ter separation arises f'rom three incdcpident causes:

(a) laurrhing 'ispersic'n - a ruvdom impulzive velocity tarising
when the round Iuavorz the lauhr imised by cross-wind or
tip-off;

(b) boost mis--i-nment - a it,-ady -vooetration up to the period
of boost aepraration du,- to P. ini.aaligrwnt of the boost;

(c) z-eparatirr 1'spursion - araniora impllivv velocity. caused
by chocks at boos;t :-.paraticr.

The folloy-ring table shM Y.haLt iorntributiov-; to the) final scatter cmue
from ea--h of thd iause.

S:cattvr in LrAteral Vulcit:- bkA:tw,(;- 4 and . seconds aft,:r FirinE

Kvuasurad in ftt/.c root rnece souanred normal to the patherirM line

(elIevation 19 dogr';1., boaring 355 digroos).

I Orifin cf scatter 1"trgt U/o

Launchirr diapersion 24 23

Boost misaignawnt 47 23

Separating dispers'on J 47 f 34

Since these results are based on fifteen observations, it is not wise to
place too much reliance on the precise values of the scatters. It
appears that none of the three causes considered ar-e negligible, but
that the laurohinig dispersion is the least.

One final test of dependence was made with estimates supplied by
Er. Jowett of GWTI7, Aberporth, of the ground level wind speed across the
line of fire. These showe'd thnt the horizonxtal aisplaoenmmt at 4 seoonds 3
after firirg wa correlated with cross-wind speed with a coefficient

This is sufficiant to reduce the uncerts~ty of th* ILeft/right 4±wpluoe'
wrt X fta an rm.,s scatter of 139 fettu4 etb'ese of the

X-t - .6.-v
lists 49 4:41q is th*"41wseezOt$ ZoswtiI. t i

~we a~Z~bIZ.
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The mounds te~nd to veer into wind1 as they leave tho launcher and an
allowance for the mross wiTAd could reduce the horizontal dispersion by 4(f(,,.
This high correlation is reduc.ed by the urcertainty of the deviation~ at
boost separation so that by the time the missile has been gathered, the
degree of correlation between horizontal dispersion and wind speed is

* reduced to about 0.5.

One of the mian it--s of intereat cowrning the dispersion of the
*rounds after launrh and boost i#eparation is the angular field of view

.-;hiih %,uld be required by a telos~ope in order to include all the rouneis.
It is appare nt from tile preoe41ling rwumt~i that the spread of the missiles
between 4 and C suion'!- after firing in roughly -,entred on the gathering
line. Thin line at an olevation of 19 ivgrees end on the same bearing as
the launcher is taken to be the rptiiaJ. axis of an imaginary telescope.

Fis. 19, 20, 21 sheur where eaih of thle rounds would have appeared in
such a telcsSLOpe at tiinea of 4, 5 und 4 neonds after firing. These
diagrwn s have. b an plotted frcm results obtained by dividing the lateral
dapluonxcnt of eanh round by its zrlant range at that time. It is worthy
of' -cmment that the leit/right angulnr misailignmaent derived in this way
diffeurs by a factor -- ual to the cozint-4 of the angle of elevation from
the bearire of the: round as meamured from an alt-azimuth mounting. While
the misaligraiunt 3een in tht: tcles,'opc in mrealured by the left/right dis-
placement 'lividcl by teslant range. to the mi:zaile, the bcaring of the
missile Is thc dispanement clividod ty thfe ground range.

The :-ln 4ag-3a ., 5, ' v. ond.3 are 3-unhari-ed in Figs. 22-24.
The-. arc maueliealt ki,,dtfrmh guidance radar as origin.
The launiher is sitniatud roughly 00 fee,,t in advance of the radar along
the line of f'ire.

S, 1rit o~. f i~ic

'ime aft' r firing o~cs) 6

Thzber of obnerv%,ticns fZ 1 15

-.a lant range %f) 4420 5950 744,C3

zcater (feet) 24.0 230 2 40~

These are rounded to the neareit ten feet.

The following table shovs the angular mizalignments of the indi-
vidual rounds from which Figs. 19-21 we,-re plotted. The last three
columns quote the individual slant ranges of which the table above is
a saamary.

Alliio
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Pa n.tion of M,.suile Referred to the Gatherigg Li.e

Misaignmient-(mils) jSlant Range (feot)

after 4 - -6

2 47 26 521 301 5( 2.5 4430 6000 7500
3 -40 48 -45, 31 -46 191 38301 540- 6920
4 -32 10 -ij n3 22 27 4470 5930 7350
5 2 -7 41 -7 -7 -14 4150 5680 7200
7 19 -10 10' -8 3 -5 4350 5860 7270
8 -5 39 31 43 3 45 4520 6C40 7530
9 -49 -15 -5 -10 X~ 24430 5950 X

10 -39 -~ 2 9 -46 -11j 4510 6010 7450
11 -30 -2 -35 -2 -43 -2 4590 6110 7570
12 -4 30 -91 3 - 35 4820 6350 7820
13 -53 18 -61 2 -59 32 4770 6330 7850
14 35 -~351 1) 35 -1 437C 5920 7450

44i .1 ~ - 14, -13 4120 5120 7110
17 r 1.25 11 -ih4. -2 -9 45330 5860 7360
Is 12 -.47 11 -446 13-50 44+30 5980 7500
19 -48 -17, -51, -IL -50 -19 4600, 616 7690

4-,
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Toch Note No. OW 239

The determination of the direction of the radar bean when it is held
steady fbr the purpose of gathering the missile is not a simple matter.
The radar dial readings which are photographed between 18 and 25 times
per second throughout the missile flipht provide some indication.
However, the dials can be read to only the nearest mil and may not be
sufficiently accurate to give a readire orre-t to one rail. Furthermore,
the zero directions of the dials arm n..t up with rufcronc to a telescope
fixed to the dish, and not the rimcrtion of the radar bems. For these
ruaons, it vas decided to establish sorm check on the direction of the
radar beam.

The table above <rtai.,,; the rtp ; in duriving the bearing of the
radar bean for each of th- fifteun roundo -;kidh were Atill flying at
6 se"onds from firing. The lait nolian (13) shows the value :!hosen for
the bearing. The five rounda -thich lid not provide infbmation over the
gathcrirC period were number,-, , r, 15, 20. Of these, Ul except
round 9 failed to achieve ziti.,factory boost cparation: round 9
developed some intermittent fult a. well as becoming lost to sight in
cloud.

The independent :heck is achieved by uAing the determination of
missile position by the in theodcit-s. At some instant shown in
colwnn (i) when the dial records show th.e boom is strdy, the corrus-
ponding easting and northing t-f the pi-il, voition are noted from the
published data sheots. Thv.;c !er-, ; haxnr in *lwsns 2 and 3. The quotient
of these two diztrances Quals the tn :,nt nf the be-rirp of the sight line
from the rad-r 3ot to th, risd;ile, .homr. in colt=n 4 expressed in mils.
At the same inztrnt in ti;.se, th-,..2i ' r: eent of the miss1e is noted in
colu n 5, read by interpolation fVrc- the,- published re.cordn of the bore-
sight cuurn -ahihi t,_ rhotogr%.jhl -t bout the sw.a speed an the dial

The steps takti in brnin;, the r4.irj ler of the table are illustrated
by a diagrmm (Fig.49). Subtr'ctinp -Iol~m 5 from colu.mn 4 gives the
bcaring of th3 optic1 xji Uzud as zero ibr the bor-sight O:,era,
referred to the line of fire, th (Iattm. 'lirtion uised in the kine
dote2rnitA.tions (see colwtn ').

The method used for aligning th,- bore-sight o~c-ra stkd harmonizing
it with the bern-ridin; airtion is outlined in Appendix VII below.
A isora detailed study ia iont:inud in rleforcnvus 3, 4 nd 5 Ndere esti-
:arts of accurwy ar quoted. The results reuPired for the present task
are listed in iolrn 7, "Ahioh .shrs~ the directions of thu movable refer-
a noe telescope with which the bore-siJht cannra waa harmonized. Those
directions vx7 between sots of trials, and so have been referred to
another reference tilescope wich is jixed rigidly and poraanently to the
radar dish. Thu difference of colitas 6 and 7 is sot out in column 8 and
represents tho bearing of the ixis of the fixed telescope on the radar
dish referred to the line of fire.

i :< One further conclusion of Appendix VII is that the bea--riding

direction of the SCR 584A0 as &oee~idb izV wing.arl xrnet
is fixed relative to th roaar dish rxf on a bearing 1.1 mils to the left
of the awds of the fixed tolosrope. Thus 1.1 r ils subtracted from oob=n 8
gives oolbn 9 the bemA-ridirg direction of the radar dish referred to the

'of fire ?5, degreoes, b.V way of the kine determination of missile
pohition. . This may be o~aro, with the radar dial redings uhown in
ecltiti 10, all of vhlh are: mrowd from ase raar n~orth vb$*'h O~v-
pands ,s y Vith txao 3oth, The d~toines botwoms fho Una, doter-
XIMUMo *tthe beto-riain 4irootion li columisn 9 smd tb dial doe4,r-.

1A~1ttifl~ O2r iSW lstd -in 4@WiiI. Thes ShWAX be
Ap~'t ~uao1'*~so*~Ra~towt~
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iBe-Ause thu records in tho radar 1 pl book dio not (late back to rounds
6J1, 1 2, 3, 4, -it appears to bo diffioult to es-t~dato the dirticticn or the radar

beam for these toarl.. rund TY- i'Isn partir ularly tru,- since a different
method was usod for ftJigning tho opti~al nxi (the movable reference
teloeoope) , vAhizo migzht lead to enr. -.. re~ 10 naI-i or mor-e botwt,.en it and '
the bo -r4iing dirr tinn, 11y takiiv v: -ount of t~ilemtxyt r#turns, it
is posuible;- to fori~ scmt- id.ua of wh.. re thei hcox-ridirg direction lay in
rolation to the optiial. axin of tE- !'r-i' omcra. The, jIgurcs in
brackets at the liai of fclm~n 9 -iv_, thee etijaatte i. howv.tr, the
restilting liffoen-!s in -oltrui 11 '1.v~ate nire 1'rxm the v .'ragpe than
appear likely ani thi. thrcweru;r',~ cmn ti~c rbservcttion-i. An the
cbservationo for rons2 ani 3 app,:a- to rerettwo rf the largost
disperzions obszrvA 1:vi te;isrror would i s a large errri
the (ctirnate. of the o attvr. For thiz r, son3,1 it was +leoided to ipnor,.
those obnervation:: frr --hlh no tio~pat.: -:hpk iin availtble,.

A :tinilvr 1iscrepn.-, of -tbnut ti'. oil appears in the valutes: in
.-nun 11 for the ozr'ir c rotini- 7 uifl - . Lirounting th,.fC two
xrunds liavo.zi t=n ti~ :3 of thv- rt-4le:t- t ralar north atnd the !in;,

E f fir-, and th,;se -i:l n av-rfag. 'f -i ?i:.iln wlth, rn r~ie~s* siattur
about the mean of 1.5 -Ui.,; -,!a.tr appears to bo about what iould
he, expu~ted from tht: a.ac f t .- i:. tu-strsi in dot,';nninirF, thi.
iliffg.ren-f. values in ?rltzan 11. -101h:'~ a .sa2rai 1.3 irilso , eVia-
Ur~ns of 9 il tre hizhy unik,-ly it. stpp -r:r esil that both

thi'.al roudin-s an; in *rrrr bt. -1 zil .s. 7such rin error couli
P~u Is -l'r n Vut ~t has r . a r tliat th- io.-vibility is

PlausibUlu. irhia h r:f .ir;±cr rounds 7 l ar yed
tm~v c avatin, ~h~'~aa . n verF:. (1 -1C5.0 milz andl ax. r,m,z*

3.!tt r of' .3 fis

:f'th ralar zS( ,: 7,ta tx-i n rti, -(. f tl,-ffrnv~
lizt-od in -olurmn 11 -.-cul-i. I... nin :iere5 in f%,7+ it apears
frcm these ohs rv-ition:- t-,at; 11.1 . ar i.: rth in 1; mils (aimost ora: deprt.2e
to the right c:' trnu-e north.

7he nejxt cltman in k ti- tsbl: n>b,, iou-s 2, is, tho sim= cC 105 nails
and the_ values in :colun. 10. lhii r trc .- _ h ial readings correcte-3
for zero -ro.PI:lY tha' 3 rcalin,-n ;-_,i ual th,: kint. datemiinatiorns
listod in oolwin 9. 711, b. ;t st4rntio ti,- trut,, bomn-riing direction
is taken. t0 1-!h averr>iv, of' ti.w t; 1; 't;minatiosns in .~olumnz 9 and 12,A
and this arppeari irx-. l'am i3, roundi-A nif' to the ntearest mail.4

"he 1^ obse.rvations of' the bearint7 of tho radlar be.am when the missile
is gathered riv.e a meo n and an rr,s . :s',att-er of

10f 26 tails.

In an r.m.3. srcattor of 2( mils, a moan of 10 mils~ is hardly signi-
ficantly different from zue. Thus the & _stribution may be regarded as
about zero mean with an rom~s. zc'_tter of 27 mils.

The distribution of the bearings is shown in Fig.25. It is obvious&
that it has corwiderable tails vhich nma ,.e a gaussian curvo inappropriatu
to fit. Thu reason for this is the peculiar dispersion of the round afte-r
launch and boost soparation, Yhich wan lisotissod above in Appendix IV.
The tendency of the rounds to disporse to the left or right, or to ily
caatively undeviated, 0 0=903 a wide scatter in the. positions of the
beauwen it has gathered the missiles. It is difftow.lt to divtde the
brv4*Wgi of the beft U4.Ioft, o**ntra1 n4 right goatwthem' IS M
ObVliou bOUndnar Pfttho, ciaarison with the dispersion Auwt tbetw

gator± ooaumnad i ~o enirly s~temaozy d~e ~.1 shwstiat~a 4 1 9 'w as ± u g 1 t ~ l n ~ . 5 s o s t a b . r ~ ~ w s ~ ~ e

04 b43u O0Gt he *6 o t
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J

lPy tcparison of' the b-earings of the gathering beamu in Fig.25 And the
r7 left/right d13PlaCt1Ment of the n'tunds when gathering, nommences, it Appears

probable that bearirts lYixw between + 30 rila of the line of fire may be
regarded as forming the centrr-1 sproup. It is proposed to fit the observed
distribution by three gauzziazi distributious covering left, mid and right
flyers.

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

There are 8 mid-flyurs (rouxi'B 5,7,,),1~2',i,17,i8,i9) with a mean and
r.m.s. scatte r of

2 + 14 rils.

liaere i. ofl right flyer (rcunnd 14) -rith a bearir*! of

35 mill.

Fmthis fitted distribution, it may b' dfeducfd that 95'*, of the
bearing~s of the radar beer4 vilier. it haa3 Patbhered the mis!,ile lie between
+55 mill (+ 3 dru,)cf the line rf fire. Tho actual observations shcm,
That roUnd 13 was gath*,rtd on a bearlrF of -56 mils, mad the remainrg
eleven. rcunis insidte these bcund3.

It i necisay to ruprc-it the arrn=uiintn above in d. hing with the

cevation of the radar bix- :hu the missile has lveon gathered. The
fbhlowing table shm' thu 7r-in z3t-cp- in th,. reaz-onirg.

/Elevation
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The sawe instant of tzimte as ior detemining the bearing of the
missile was chosen for reading 'he kitw-thoodolite records. The heightsA
and northings of the missilus are listed in oolusu (2) and (3) froms
which the angles et olevat:.on can be ca2lulated. These are expressed in
mils in colum~n (4). At the same instant of time s*how in the oolua (1),
the miqalignment of the missile in the up/down direction is quoted in
Column (5) , wMhich has teen read from the recorls of the dish cmera photo-
graphs, ;rith interpolation wAhere uo s over 0,05 second interval.
The elevation of theu optical1 axis of the. bore-si ht dish camera is
derived by subtraotir column (5) fnrm column (4): see column (6).

The next column (7) zrmari.-s the rnotcs in the radar log book wehich
we re taken in the procei3 of harmuonizing tht. movable reference telescope
(the optical axis used for the firng) with the beam-ridirg direction as
determined by a wing-acrixl mounted on a ma3t. The values show the diren-
tion of the movable telescope or. the radar dish (with which the boro-sight
cam~ra ij harmonized) referred to a fixed telezec'-- (abbre;viated to F.T.
in the table above) , whiich 'is loft itatii rulative to the radar dish.
Colurm (8) ohows the differece. (.,f coitmna (6) and (7) and represents the
elevation of the axis of thu fixed tvI.,sope above horizzontal, the datum
on which the Uki observations aret bas,.d. It is rhown in Appendix VII
that the beam-riding direction of the ralar set as determined by many
wing aerial ;xpcnijmonts liesz at an elovation 11.6 m~ils belowr that of the
fixed telescope. This detkcrnine. ; the fipur :s in column (9) wjhich showy
the elevation cf the buam-riding direction in each firing, ustimated by

la way of the ldnu-theodolit_, ploti3. 'chtmn (10) contains the correspondine
dial readings and the next ohmn (11) 3ho-;:s the difference between the

K, dial rteadings and the kine 6otniration.

Az above in. dealing wIith t-e #-Kr f -the beam, the information
concernin; the early rounds 2, 3. !. :seenm too conflicting to lead to a71 reliable estimate. 7hease rcunid, have been liamissed as providing no
information towvar-ds the folla-wing discussion.

If there were no drift cif the zerc of the radar dial, the angle repre-
sented by the values in c'olizsn ( ii) _-*ould be a constant equal to the dial
reading wahen the beam-riding 3irention is horizontal. The figures are
subject to experimental -rrors due to the roundabout determination, which

* may be expected to rontrlibute an r.rn~s. scatter about the mean of 1.5 mils,
approximately the same as thu corredponding scatter in the deterrination
of the bearing zero error. nHowev,.r, the values in column (ii) of the
table above lead to a mean and an r.m.s. scatter of

5.1 4,3.O0mils.

This scatter is roughly trrice what -mould be expected and calls for soma

attemupt to reduce it.

Inspection of the figures in column (11) reveals a definite trend
Irom a value about 10 mils for the early rounds to a value about 3 Mils
for the late rounds. There i3 not enough evidence to support a suggestion
that the dial zero has drifted with time. Hlowever it appears reasonable
to try to correlate the figures w;-ith thi unonth in which the round was
fired. This leads to a correlation coefficient of 0.87 which is Suffi-
ciantly high to enable the scatter to be halved byr fittiog the appropriate
regression line., Accordingly, the following straight line was fitted to
the elevation soro values in col1Mn (iS) tho fitted value is

(10#3:- 14 423 mis
where U is *0 00"re of monts later than O~tolbew 1951ta tha tIw*
t~ok ,Plafte The fo4own tabbl U~pee *h ~4 ~ ha
*I MIUCA seo bias tnta the fitted v~aues,

9 Q
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.ac' Z~ the .z1evation Zero Oboera, n

Round Numsber 12L

leorths ninc.'o 10-*;i a 2 3 4 4 5 5 5 71
~o:~aion ~l~ i 3. 5.45.8 4.8 5.4 2.729102.

A Fittcd value r di, 0. 7 7.: ( C *. 5. 4,_1. 4. 1 .17,

Lliia con hardl.- b-' ujuC. a. evldvn, u that the elevation zero of the radlar
dial drifted by ? ~lin a pe-riud ofio :ven months. Similar hij7,h corre-
lation would ox:'.t bot-::uo t obztuivations and thfe numb,)r of the round
in th L trial, although there in; no lcg'ical conntection betwteen them.

Hoev r, unexlae u: a; pr .uoerl a trend wahi.ch is too obviou.;
to nr.loet.

Th o diffurnoej of' tho ;mvoth -d value.s of thte elevation 7ero tias
and the dial r.:adingi in olirm (1()) of the main table supply the ceva-

tin f the,- radar te corr-_!tt for z% ro error. These xcrrected dial
rec~i.cax,_ is t. in --ol~rm (1Z). Th *,ztirzate of tht. true bcam el~evat-

tion Iaz= be ur. tnL.-nr. th,- avxr,. of rccluxnns (9) and (12) and this iz
sho-am in -oclwmnx (13,i rounded off'to the nrjt rail since. the azccurac., i:
no butte!r thar .1 th.

Te12 cb~.rvaticri.; rf the leva*t-on of the radar bti %han the
rdszi~r. has beeni gpath-rjd ,ivo a w; i ad rn., z-atter of

:hw liatribution of x' .v:Atkr.s is: shown in Fig.26. The mean eleva-
tion of' 338 1iM3 almos~t -xactl.; eualj 19 degrees.

A -rparioon -;,ith K-ir.14 -;Aich displNX,s the up/down displacuement of
the miss3ile at ( zec:ondo taftr I'irir, rourily -it the camsenc~inent of
~athierir4, , confiir.3 th~ -di vi.Ao. rf' th_ -,It of 12 rounds into three gzrcuiv

.~o~prci~those o ihle. ih midlei. %nd lc-,,. It %pp,;-rs reasontabloe
tc fiLt tho cbbservol di~stribution .-hc=r in Fig 2 6 by three gaussian disr-

4 b~utiofl3 .-1ntr,,d on wnch of the threeu groilns.

Thare twe 3 high-fl,,ig rounda (n.-!.;brad F,12,i3) vAdich were gatnured
at elev,%tions with a raen %nl r.m.;. ,,,3rttor of

Treare 8 mid-flying roumn (iz.ibeod 5#7001M,14,16017p19) ihj
were gztthorod at ovnwtions -. ith a .xan and an r.m.s. scatter of

330 8 Liuls.

*One round (nmaber 18) flow low and was gathered at an elevation (W

294 rils.

Accordirg to the fitted distr~bution, 94 of tho rounds am. gathered
at on olevation of 309 mils or hi$~ir above thes hort'orn this is a qwwa-
"Ant e1*evat~o of 17.4 4egrooa* The wta CobvrvAliQTw show thatileo

rWU~s: oUt, of the twelve wora gathered -at, M el ovainoy. ms
Alto wo0oRifto t f it t~d datriLtion, 9% of tOw w4VA" -r gi..
baeteas ,iov&Wiws of 302mC anis 94 =Us#, i~.3 44 ails. The aem

- -2£ , .~0
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elavaticn of 338 ixils (19 degrees) above loorizontal defines the elevation
ot the gathering line, the n~ean direction of the guidance beam when it has
been held steady for gatherirC, thts missile. The bearing of the gathering
line is the same as that of the launcher (355 degrees).

The followirg table 3how3 thtv timas after firing when the elevation
and the beturing of the radar beam becume steady so that the missile could
recover into a stationar:y bu-im. Thvy have been taken froum the published
recoi~ds of the radar dial ruadinrgs.

Timvs 'ttr Firir! to 3tv;& Guidance B&om

Rculnd Number 2 47 5 7 71 -i
Timse (Elevation steady (.53 6.58 7.93 6012 I6.38 7.61 7.33 6.25

afc Bearing stoa,]. i 5., 2 5. Cc' 7.78 5.44 5.41 4.57 6.96 6.58
riisteady (*3 .5e 7.92 .1 (3 71 7336.5A

Round Number 11 12 13 14 16 17 18 19

E~levation st.oact,' 575~ 5.88 'p.25 6,43 5.43 3.92 5.13 8.87after Bearing steady f(.7(~ 5.58 17.83 6.63 4.47 3.08 3.39 9.28
Firina_N saa tvIY .74 15.88 7.83 663 5.43 3.92 5.13 9.28

The times nhowvn in the above table are. likely to I if fN r from those
published elsewhero, Awint cpir-ions vary as to the uxact time at which
the beam becomers at.,ady. Tht. 1'al rt-,idingo are correct only to the
near'est mail, -And are liable to L-hcw lumps of one mail in long series of
steady values. For this r_ a:-.on, the beam hasa been oonsidue steady when
the dial roadings reacwh a v~Lue and remain aithin one mail, from that which
apears ai'terrarrds to be the stuadyr value. The time quoted is Oorrect to
about 0.05 scond.

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

The 16 obs.jrvatiors of the time hen the ele~vation of the beam
becomes steady have a mean w.d an r~m.s. scatter of

6.10 1013 seconds.

A value hats been quoted for round 3 although the beam never settled
for lorfer than one :3e-cnd on any particular value, but moved upwards
eventually at about 3 mils/se:s.

The 16 observixtions of thr, tine when the bearing of the bem beomes
steady have a mean am)i rmoso scatter of S

5.92 4r1.59 Seconds.

For five rounds (numbered 10,11,j13o,4,9) the elevation of the boom
was stead3y before the bearing. For the remaining eleven rourds considered
in the table, the bearing became steady before the elevation. This is to
be expeated sixme the beam swings through an angle in elevation almost ten
timea that in beariM while following the MWAu.Ioft the lIuzaher.

man seco4soa.

4 ea
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The distributinrns of th~tst tirpt am. ioumn in yhs 2,2 and30
T)hey appear to hawo lorV, tail5' lomuparfudiwith a gaussian distribution.

For some purpo.-es, the tir~v of' 3.92 ioool when the boam become
steady for round 17 is unnu'nrutscritativo. Thu gathering of round 17 was
more by a,-oide'nt thsav by the nrmal. tu'hniquo, fain .e the guidance bem
became lizirorinitui- fr the otira). trac--kur through a switching fault.
If this observation i.~i~'.ai1 thu. 15 cbsorvations of the time when
the bean becomo5 nitcat- hav', a m-a ear1 an r.m.s. cattur of

0 1 .03 ~'~~

Ii' ~ ~ ~ ~ ~ ~ ~ r.; it id ant~dta o~ itribution fits thc
obsirvatiens, 95,- cl' thu om aft~r firin. when tht, beum becomus steady
lie butuon

.'..75 tml F~i15 s~tc'nds.

O'ti,,, canzut rm r f thu il f-.,-r, thu ipidac -u vin t -e
c b~~nm beccmau 1t~y ~~ t Db tlo:i f'iftok.n cbse rwti.nns ar- available,

since no ru-.-crls rupubliir i f'cr ron.i 5. if' the observation for
roun~d 17 L 'cmt' f 'r th,. r zc-nnc -,tatcd Plbrve, the rEnaining 14
ob:;±,rat~cr;, of' thu.,, ;lt.t rtn f' tho zirzik hun thu becm beccos
siead-: have a mrw.a wnd an r~.3 r-,attu.r f

Thes cbzrvaicr~ci' .C.. hay: b.--n r~al from th-1- rccords of radanr
range publ.ol--li aft- r roi-h firirr. 7-h;- ra!]r rin,,0 ,vrr not published for
rounmd 2 ni thiL- ct~lrrition h-111'e i~ rct from the kinu-theodolitQ

-ng~ cf ' i,-ile ;A quiiJ xn'u c05 ;,car-h u Stewt&;

Round zNirbr 2 3 1. 7 ' 9 1

Slant ranc 0.4O~oI '. ,2.O 8.2 10.0 P .5

Rounrl 1unb:r 11 112 113 1 4 17 18 19

Slant range (thou-av '1.7 7 4

of f et) I* 1 . . 29

A

;V

z A A,
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AFF&'DIX VI

Velocity and Slan~t Ranse of Missile Tuirng tho Be=a Prozrume

Volocity of !-,irwile 10-25 seconds af'ter Firinge (ft/sec)

2on 3 ! t; 5 8 11 13 14 1 17 18 1

FiriW~> 4
10 ~ 13 S 1320 13Zi 1431 141381392 1474 1310 1440 150011350
15 130 -r 11343; - 1283 !1342 126511404 11(0 1300 1540 i1276
20 13)'7 - 11. 1 - 175 112 571178 1411 1020 1190 1530~
25 1i277~ -I 01F - 115 115811428 1000 - -

los - 1ij R4 i ll I 11! 10 1185~ 9(0 - -

No' rc",cris are. a-.ailabl(h 1'or rounl.- 1, (, 15 and 20 wh ic h fail.ed before~
Lor soon after booit :z -aratior.

INo retxccrd7 -a-,; avt i lab 1,, fo r Irun's 7 an-d 9 Aiiich failed soon after
* gathering at th,. rtart of th., FrcginPrnie, -O~iod.

Rounds 10 and 12 ar-- unrcvrn.t.tativt, since thc propulsion failed.

The, rpouds in tht- tabl-: ubm(' an-~ flifht path valocte fth iyl~
ialcu2.ated by intirpclation fmm thc, publi::hod re'-crdi. Since the traje,-tor7
of the rniscilx i.s anhost 'iiro'.-ly avW,- frmn th.e gidar7 radar, the specd3 do
not differ much from those, meazured by the doppler rem-iving siet, which dettr-
mines the rate of -nage) of th, rlzuit raxigc.

The~~ ditiuin f the is ;ilea spieds are displayed by histogr s in

Figs3. 31-35.

Thf, followirg table sma-irzes the, observ.ations above by quoting the
mean arid r~ni~s. scatter -at -each of the. timen.

Timoe aftor firing (seCs) I10 15 20 25 301
Nmabur of observations 12 10 9 7 6

Mean speed (ft/iec) 1385 11323 1287 1230 1073

R.M.S. scatter (ft/sec) 61 194 143 153 10-- L
After about 25 seconds fram firing, the missile speed dro~ps away

rapidly at roughly 40) ft/see2 awi the sustainer motor ceases to thrust.
The following table shows tho time~s at vihich the motor thrust ceased for
the rounds which wure still flying gorrectly. Round 11 appears suspect
as the speed dropped about 18.5 seconds after firing, and it is doubti'tl

As m~ost emily, moasured from the dizaontzityi in gradieant on the recora
of missile Sp6od agaizat-ti.
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Timu Aien Motor Thrust Ceaus

Roundnmiber 2 4 8 13 14 16

imie after firing (lees) 2,4.0 24.0 25.8 26.5 24.5 29.0

These six observations of the time after firing whon the motor "easus
to thrust give a Pvtan andI r.rn~rs. !3catter of

25.7 1.7 svnnnda.

The diatribution Is ,-hcm in lF4.43.

7:U;r nz Sneed I-rops to 1200 and 1100 feet per second

Time aftur firim,~c~ 12CO f't,~ 24.412%41~27.7 21.4 17.2 29.0 18.7
when spo,;d drops~ boluvr 11c') £t/z~t, 2*1 3Z.0130.2,24.1 26.1 30.5-

The taLl,, abcvo shc-,: ,Vr th, V h path velo,!ity of the missiles
determined fron th-.i kJno--icpplcr i-:c-nr: foil LA~1ow 1200 and 110 ft/sec.
Tne -,vcr.roun, 1,3, , 7 , 15 , n) I rcke up t.az-ly in I'iight while
round 5 wY.i fault-r .; no r published. IN' records are avail-

abl fr run 1~orxc~'or2 ".t th _ r 'e -d of 1 100 ft/aec . The four
rond 1,12 1 ~3 ar- :rp,'rttv sinc the motor either

fa-iled to li)tt or i r,:' thrast ccri-Q-ly.

F-I The distributions no the obse3rvations am, shown in Figs. 44 (a) and
(b). The scatter on th-e. tin -.hun th~i tdssile speed falls to 1200 ft/Sec
is :;o great that it aprpears unreazonrable to fit any distribution until
there are a greate-r ninbor of observation3. Rounds 13 and 17 were on
climbing curses which tiicounto for the early icas of speed. The motor
in round II does not appe3cx to na-ve waorkei ruerfectly,. The rounds repre-
sentative of a straight fl2ying or ste.adil.- traverzirg missile are four
nitmbered 2, 4, 8, 14.

The scatter on the time when the speed falls to 1100 ft/sc is rathar
less than for 1200 ft/sec. Tho same remarkz as above apply except that
there is a little more justifi,-ation for analysing the overall scatter.

The ') observations of the time after firing when the missile speed
drops belowt 1100 ft/sac have a mean and an r.m.s. scatter of

28,7 ± 2.7 seconds.

Between 10 and 25 soconds after firing, the missile is directed by
the guidance bean on the progrirae act fbr the trial, The lor time
Limit is set by the gathering of the missile. The upper limait is set by
the duration of the motor, vhiich is necessary to sustain the speed azXM4
the value for which tho control system was designed.

It is possible to approximaate to the moap valwit ion over tis rp,
Cram uz~t I 'by - velacity whiph represents 4 eanst ant doo.1.w*Atiou
The straightL UWn *ich beat fits the four datiet iitiona at I0 3 0

uossin the saie ofttllatsaae * nis"4 t
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(1480 - 10t) ft/sec

where t !zo the time in seconds after firing.

The mean speeds and the fitted sipeeds are shown in the following

table.

T,1irwi after firing (o~) 10 15 20 25

Average npnod (ft.'ec) '1385 11323 1287 11230

Fitted 3peed if/~) 1380 : 1330 1280 1230

-A,~ -Per are only all cliscrepaxmies -etween thf. average speeds"

and the fitted opoe413 at ca-h of the four tire:i $ it i3 reazonable to
regard the actual nb,,.rvjd spood:o an Foatturcd about thei fitted speed
cuzrve. Thne siatternz too may be sooothud --irr-e they appear to be
roughly proportional to the tint- after firirg.

The following tahbic~;.rz th- informtion about the missile
speed betwecn 10) &gd 2r) ouccnds from firirx,, after it has been smoothed.

TIme afrtjr firing( :o 10 15 20~ 25:

Avcragv v~uu (ft/.-) I 5' 1330 '1280 !1230

The avi,,rage mizz-i2~ arr tc 5,e vrat e lclat1 ts2
betmeen the tif3 10 ani ni -mnh af't r firirr~, dunn.r- h period
the sreei fall's from 1360 f/e'to 1Z30 tb'Cj Thi:s haz been repro-
3anted az a graph of' msz;ipet-d agair.t tiiu after firiilg in Fig.4l.

Slant Rang~e of' :.Ici Ir-2' I after FirinZ
..uu~!in thrusns of f, ,et

Round
!Time :nc 2 4 S 11 15 l 1 16 1 18 19
after

1013.2)1, 13~ 1.(,1. 137 31 13.5 13.9 1,

1 15 19.9 19.7 g9'8 20.3 j20.6 20.9 19.2 20.5 121.6 20.5

25 32.9 33.5 32. 32.8 32.3 34~.9 29o7 32.6 36*7 32.3
30 138.7 40.0 - . 37.3 41.4 34.6 j38.1j -

Those slant ranges are measured f'rom the guidance radar, rounded off
to the nearest hundred feet.* Of the ton rounds for which no, observations
are 4 aoted above# rouands 1, 6, 15P 20 all failed about the timue of boost
separation. Round 9 suffered from sxo intermittent fault and no rloords
were yublislhed. Rounds 3, 5, 7 all faV od soon after the start of the
prograwe. The roairidg two rounds mbred 10 and U2 have been di.-

oo xtdsim the suataiiiar motorsfie to Agits*

4,,.

4 Q.>. .j~4
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The distribution Q1' thone '-1ant r'anges are displayed as hiatogrms in
Figs. 36-40. From tho3e distributiono it is possible to make one or two
remnarks.* Rcvnd 4 miffored a bad boost s;eparation which caused high drag
and low speed. This is noticeable up to 10 seconda after firing, but the
motor appears to have :-,pplied high thrutst anid the missile passed the
average performance in range after M0 seconds froms firing. Rounds 14 and
18 also had exceptionally pv.werful motors. Round 18 flewr on an unusually
low trajectory, but this zhould havu, affectuid the slant range up to 30
seconds from firing by not morv than 200 fvtet. Although rounds 13 and 17
flew on climbing ,oursus, they r ,ntrnad vury oloze to the average perfor-
manoe in slant range, but th- ve!locity at 25 sue onI3 was bel.ow average,
Round 16 appears to havu suffer-ed from an unu:sually poor motor.

Thefoloir4, table shows- Irr ech of the) fivoe. times 10,15,20,25,30
seconds after firing thc mnan -lwnt rargo and the r.m. r.scatter averagud
ever the missiles.

Tine afte.r firirr -,-z) 15 201525 30

Nwnber of' observationzw V 0 10 6
Vean slant range (K f--t) 13.2.3 1 2",.3- 2'.58 33 00 38.35

R.n.s. n,-atti-r (K feet ) )'~ .,'5 I1.17 1.;4 2.14

In a similkr vmay t,- tich rc:sto of the me(an velocities by a
'towr with :!'n.;tnnt I" 1cr-itior., : IanPut ranges may also be

approcimatcod to- n slant rm ;.'hrerr ,t n.-tant 1ec-,leration. This
ancunts to -tt , a ;u%.rt x eeic.i ('th f! time in seconds after

firirg) to th"' :al .ulat,_1 m an $lint rant,-3 zhcwn in the table above.
Since, the m--= vulocit: e1 ti. zil!h n 1. n pproximatcAi by the
cexp res sion

it follows that the. rslant muzt t ce -)f the , form

ZO+ 14.50 t .. 5 t Z feet

V where So is a constan~t tc b, e ,-turinedl. A lea.-,t smuares fit to the value
of S0  usirr. all the forty rs.,;ultz- for the slant ranges between 10 and 25
second3 aft,. r Zxiirv iead. to

so 9~28 fnet.

If this is rounded to tho nearest hundred feet, the fitted average
slant rmange of the missiles ia

-5'.1180 t - 5t2 feet

I13400+ 13SO (t - 1) 5 (t I10) 2  feet

valid for t between 10 and 25) seconds.

The following table sumsmarizes the information abcut the slant range
of the misriles over the programume period between i0and 25 seconds after
firing.

Time after firing (sc) 1 5 20 25

Smoothed average slant range (K fect) 13.14 20.2 26.7 33.0
(K feet) 0.4- 0. 1.2 17I

This h" been represonte4 on a graph of slant rnnWe.geir* 1PmJR in 7i,2

44J
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The observationz whic h form the ba~sisa of this appendix were taken Jin
the process bf harmoni:'.inr tho .lirh 7rsucra vrith tho beam-ridirtg axis of the
radar dish. The fro-,cdure has betin deso-ibod fully elsewhere (references
3,5) and the method is m'"MIV rUtlinA- bolOW

The first otcp in td- harmoriz -t movabl-. r :fcrunt.- tele~scope on the
radar dish Ywith thi, bua-riding irstun Thu ihi citda wing-
aerial mounted on a mait in. front of t',,- radar building, -ihile the radar
is tranwiitting and the spinnor nutat~rg. The dish is aligned carefully
so that' the *mo'ulation on thte signaxl re-vivurl at thc wing aerial is reduced
to z-aro. Sinct. the dish 4S movod by vcloc7ity control and the bwcklash
amounts to almost 2 mi!.-., this- han to be ecinplx ted often by pushing the
clish by hand. VT~en thiS al'*rmtunt is 3-itisfactor;, thu wirg-aerial lies
on thu be-=-riiirg Jiroction of the ra-ar dish. -ihe rauvt.ble r-.furence
telesonpc is arljmttei sec that it point3 trt tihy: -ffnF-aorial, wxith an offset
allo~ian-u for tli-! 'parallax tenth , racvabl. t ;lus ope and the oentre of
the disoh. VievOd -from bA-Lr", the mov~bleo tu;lsirpe is high and left of
the -t3entre cf the dish, st- that readiir,- of the -wing-aerial direction on

0 the -raticule cf the- mcvable t..les,-opc noed addtA -iorrections of 0.75 mai!
in ele~vation and -1_1 msils ir. a.-im'ith. The 6stimated abcuracy of harmcni-
zing the- moable- r.,fur4rc- t,-ee;-sopo ih the beam-riding direction has an
r~m~s* zatttcr of %'45 mri> rexn. i)

-he dish sawra %~ cc r. : iu ,t.thc movsble rrn~
telezsc ape by mz!ans ,,f ,. fow pict.ir,;z tazi,.n at thul ,,tart, of each firing.

tn ~~hp, ralnr -ih is pcinte,! at ,. oJihtirig brc.%rd rn ihi-h the relative posi-
*.ons of the mtovablu r ,-firc: lA ~ tio fixe:d ruferew',e telescope

and thu 'liah s!%,!,crar arc mn.'.:KA w-. a mns c.C eli4in1t~g parallax. An
ope-rat~r viewsv, the mov-,ble esoe mwrk on the, sighting board through the
movable telescope_ and by ton'111t.*th rad~tr opturator %nd by manual
adjustment, lays the ac s that the marki %pRp-ars on thfe cro wires.
The Aliah c: mern then shioot, zeur. cturuzz of the sighting board1. The
pictures of the dish camtmr mark ame uzod 10 aL zero -,*on the rem=aining
pictures on the opool -ir.. as szd Teetimated accuracy of la~jirg the
referenc-e telescope or. tl-e z~rhtin,- ,enri ".a an r.rn.3. 3ssatter of 0.9 mil
(raf'.;rence 5). Ccrajarud 'ththis,$ errors an readling the dish camera
record5 and megiote rir thet. rra -mark-r ar-e leso than one 'fifth and so
negligible. As a perioji-s _,ho-4. that th'- movabla teleosoope has not been
knocked out of true, rteallivpc are tak -n to -ompare it -.dth a. fixed refer-
enc3 telesoopo which is loft porrianently, static cn the radar dish. This
fixed r'raute lescope has m.,rely !ros: rirms in its field of iview
instead of th,- grati'cla mark.. d in the acvabl1i tileocope9. The fixed tele-
scope is laid on its mark on tho sighting board by m~oving the radar dish
anid then the displacizent of tie mo.cva-blq telescoe r.,* is read on the
moivable telescope graiticmtle. The divisions on this graticule are one mail
apart and it is aiffi cult to achievo acuracy in readn better than I Mil.

* An with layirg the movfole telescope on its mark, the accuracy expected in
this comparison of referenc telez,-copon would be an r.m.s. scatter of 0.9

The follovring table lists obsorvationsvho were copied otof the
SMR 5=4 log book from the tiune of its imcu-ption to the date of writing.
They arm not corrected for the parsflax error due to thu short distane
(265 feet) of the wing-aerial irm the guiidance radar.

S4



Teoli Note No. GW 239

Dat Elvation (MIise) Ifearl t (nl~ LO Da IoElvatlen (Mils) biearing (Mils)

111-9 -00 -0.5 -10.5 -2.0 5. 6 -3. 15-1 -12a.0 0.' -12.25 0.07 4.6- 4. 0

25-Al -10.0 -1.0 -I 1.0~-~0 25 C - -1.0 -13.0 4.0 4.:,

25 9 1 .0 0. 1 0 -. 0 ~ .5 1). 5 -1.0 -13.C 4.0 4.0

29 -10.0I -1.0 -11.0 -2.0 5.0 5.0 'l12.0 -0.5 -12.5 -1.0 4.5 3.5
27-i4 -10.0 -1.0 -11.0 -0C 5.0 .1.0 --3-1 -1w.0 0.5 -12. 5 -1.0 4.0 3.0

28-d -10.0 40-1 2.0 I * 4-.() .0 2.0 251-12. -1.0 -13.0 -1.0 4.5 3. 5
0. C 0. -2.0 -120 2.0 5.9 .1l - 2.0 -1.0 -13.0 '-1.0 4.0 3.0

1-10 -. 2 -,'.0 -1e.0 -.. 0 4.0 2.1 .A- 1 -Q.() -1.0 -13.0 -1.0 4.0 3.,'
N-VYD1c tc" p :itr -9-1 -12.0 -1.0 :13.0 1-1.0 4.0 3..o

1-10 -11.5 -1. 1- -1 ".C -'.0 -13.0 j-1.0 4.0 3.0C
17,-10 -11.0 -142 -1,:.5 -. 3.5 1.5 4-2 -1 2.0) -1.C -13.0 -1.0 4. 2 3-.-
22-10 -10. 5 -1.0 -11.5 -4.0 44. - . - -1.0 -13.0 3.5 2.5

24-0 105 -. 0- .5 7. 425 . 5 -2 -12.0 -1.0 -13.0 -1.0 3.5 2

2 ;1l 11. " -1.0 -1125 -1.5 4- 5 3.0 ~ .aw rerence zoncrator st~aft boarir~s
i 2-10 -11.0 -1.C -1 2.C -1.5 4.0 ;24 12-2 -12.0 -1.5 -13.5 -0.5 3.5 3.0
3C-10 -11.0 -w'. 5 -11.5 -1 54 3.0 1- - -. 0 -13.03. 30

31 -10 -11.0 -1.0 -1L.O -1.-5 -4.5 1.0 1-4-2 .5 -141.5 3.0 2.5

1-11 -11.5 -1.5 -1.' -1. 4.c L.5 tc.-Qscpe altorod

2-11 -11.0 -!.! -12. 5 -1.5 .5 3.0' 1 c-2 -1U.0 1. 0 -12.0 -1.5 4.5 3-C

5-11 -10.5 -1.5 -12.0 -2.c! .5 2.5 1--2 -12.c -'5 -12.5 -1.0 -. 5 3.5

7-11 -11.0 -1.0 -1 i. C -1.5 ~4 3.0 .42-12-.0 ~5 -14.5 -1.0 .4.0 3.0

11-11 -11.0 -1.3 -1... -Z. C. .0 -2 -12.0 --0.5 -12.5 -1.0 1.5 3.5

0cvabto 1.scre aitcrv 27I-. -12.0 -0.5 -1U.5 -1.0 4.5 3.5
11-11 t-10.5 -1.0 -11. 5 c6.5 4.0 .5 5 -20 -15 -. 0 .0 3.,

12-1 135 14 -2. 05 .5~. 51-3 -12.0 -0.5 -12.5 -2.0 4.5 2.

1612 -11.0 -1.0 -12.0 %0.5 3.0 3. 5 11-3 -0.5 -12.5 4.5 2.5

17-12 *-11.0 -2.0 -13.1 0.5 2.5 3.0 12-3 -0.5 -12.5 4.5 2.5

NM'vable telesoopo altore'i Dish and spInnar stripped

10-12 '-12.0 -1.0 .- 13.0 -0.5 4.0 3.5 7-5 -12.0 --0.5 -12.5 -1.5 4.5 3.0

11-12 -12.40 -1.0 -13.0 -0-5 -.0 3.5 9-5 -1?.0 -. 5 -12.5 -1.5 4. 5 3.0

12-12 -12.0 -. 5 -12.5 -<).5 4.0 3.5 15 -5 -0.5 '-12.5 4.-5 3.0

F.T. moans fixed rforrrwe taluepe. 16.) -05 25 4.5 3.0

II.?. rworrs iovabl*Q rvoronce telescope. 21-5 -0.5 -12.5 j i4.5 3.0

W.A.meas to wng-arta divotcn.23-5 -12.0 -0.5 -12.5 .j,5 4.5 30

W..iwate t~ar~ dro.c.23-5 '-12.0 -0.5 -12.5 -15 4.5 3
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FiGs. 47 and 48 shoa the di:tributionj of all the observations (in
elevation and bearing) of the direction of the movable telescope referred
to the axis of the fixed reference tYeucopo. The following table 3=-
marizes the measurmont- of this anlo. 'Phey are grouped into six periods
darirf, vdich the movablo tolam::opea. oo1,t stati..

Inclination of !'ixel l1 ativo to 'ovablo Tlescope-

First date 17.9.51 1.1C.1 11.11.51 10.1251[15.2.52 7.5.52

Last date 1.10.-1 11.11.51 7.12.51 14.2.52 112.3.52 27.5.52

Number of observations 8 13 3 13 7 4
Mean cluvation (rnils) I0.0 1(. " 10.83 12.c 12.0 12.0

h.M.s. scatter (mils) 0 0.31 0.2+ 0 0 0

-1'wn bearing (Mils) 2.0 .5 -0 5 C:.1 1.21 1.5

I R.r.s. sattr (mils) 0 (.23 0 f 0.31 0,36 0

it is difficult to u.timat, he, mny of th:,se records are independent
observationsw and how many r e r.ur ly opie of the last entre in the log
book. Counting all ,ntries a ir.0.p:nirt givs % total o' 44 observ-itions
and this zigogots an r.n.s. ,ncur-,y of

IV 
m.1Szil.-, in r. imuth

;~~~C 25 r.i - , ,v¢t~ cn .

Evtm if only a -ar *;r f Q .e t!:r ,".ic n:s "r rvtually independent, the
r.m.s. arcur-, rr oulri bI b ett,;r ti;%'a half - i n b:th bearing and eleva-
tion, "i&Iih sugg: tz that th! -ti't f (.1 ril iz unduly pjsinlitic.
.he oporatiorr red by thi: eti-' cf a c-,e are those of laying the
radar dizh on a fixe mark, an, thn zeair, th,. f-aticule in the movable
reftrence tele:cope.

At the s=- timea the check on the airret o:' the movable tole-
scop, it iz usual to 7arr rut a :i -aeri] icrimn.;nt as described at the

start of the -.ppondix, tc $ot armn hce-.; far th,' movable telescope points
.';rmy frm the beam-ridi- rxis. :hs -ixp zrj.ont m.N, occur more frequently,

as it is normally carrid out aver-: ti-e :71,' is to be fired. Ai
The large t'ble abov:e sha;;s the re ults of sixty of these axperiments.

V Addition of the wing-aerial direction rilative to the movable tdlescope arid
the movable telvsope direction rcativw, to the fixed referenc telescope

ives the egles between the ir n-aerial direction and the fixed telescope.
These cbservations arm also listed in the tzble and may be used to find
vMih.ther the beam-ridir; direction varies relativo to the radar lth, since
tho vng-erial direction (when the signal modulation is zero) is related
to the bewm-riding direction through a fixed correction for parxllax.

The distributions of the observations of elevation ad bearr are
.in Figs. 45 and 46.

The 60 observations of the elevation angle between the wing-a.erial
direction and the axis of the fixed telc.cope have a mean and an r.•.s.
scatter of

12.33 0.67 mils.

The 60 bbservation of the bear5ng agle betwn the Vn-aeribl
4irvotion me the axis -of the Mod~. rdforeme telesoope ha" a oa n =A~
A r'sas scattr Of

3.1 * 082 ftill.

-~ -
47.
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Taklj, there observations iIIvo:i~ve twirle laying the dishl and readirg
the graticule in the movable telexuo e. Thus then;e scatters are below the4expected magnitude (1 .2 mI-is1) 3uggtted by refereno-e 5. They agree withthe value (07mi-) lorivud from thve a J-uracy of half a mul for eachoperati.on proposeod above as a rosult of anralyaing the observations of themovable telescopo relative to tho ixu tuluicope. The scatters suggestthat the buma-riding directicn a ; tni~e by the wing-aeriai experimentis invariant e2ative to the, radar (!:oh. Dviationn of' thc order of 0.2 Milwould not be apparent in thu above .ut;

Cormtv tud for tho parallax btw"n thu wir,?-arial Aire-tion and thtuboam-riding (hru ticn, as hzrbdat thu' start cf the Appendix, the
boma-riding direction is at

an eiuvaticn cf -'Ir mi-is

and a bearnp! of M11 ilis

K lative to the axis3 of' thu fixed rvferenzce teluscpe_. Thi3 result wasused in Arpsmdix V.

L -~~he- ~mall table tbm_, . hmrs that durinr the peCriod under review, the
novalble to Iesiope vrazi altered cn ffv.- o'a7n ho Aix detcriinations
of' tho directicn c:f th_; mvable_ rvf-vr,_n- , lte lescope ahow.- that it pointed at

an, o~ai cf' -11.3 - (V miliz

and a bear-Irr of +1. % F ,Ils

relIativQ to the axis oV th, f'!ixed re'ee,- tizcp . !h adjustment wasintended to hannoniz2_ thu movablo oi:- c- with the bvamniding direition
and cmparison of the memn direition of' the mo~vable ref'erence telescopewith the be=z-riding directio. cf' the rqdar dish sows that they hardlydiffe.r si,=Iit cntly. Thus the ac!uracy of harmcnininF the movable refer-ence telesc-ope ;.it-h the bu-TI-ri-i-sr Uirur'tion ha3 a root mean squared
scatter of 0,8~ mil in both =iuth anrd uluvation.

PI
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ONE OBSERVATION

NUMBERS IN THE SQUARE.5
10 OESICANXT. THE NUMER

C1IVEN TO THE OBSERVATION
IN THE T.BL. IN APPENDIX IT

I , 1y 5 TOTAL 2.S 05 ERVATIONS
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FILLINCa TIME (MINUTE.S)

FIG.I VARIATION OF FILLING TIME OF
LIQUID OXYGEN IN MISSILE TANK.
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FIG. 2&3 +

ONE OBSERVAT ION

NUMBER OLD.I'AXTE
THE ROUND
NO RCCORD AVAILALE

FOR ROUND ao

TOTA.. It OSERVATIONS

5 7 14 1 4s 1

°1 7 '1 IS 1 1 is 1' r 5

o520 ,s40 ,s60 isso 1600

MAIMUM MlISSIL VELOCITY (rT/SEc.)--

FIG.2 MAXIMUM MISSILE VELOCITY.

ONE OBSERVkTLON "
NUMBE"R Dre$ NATES
T E ROUNO
NO RECOROS AVAILABLE 5 4
FOR ROUNDS 1,20. ...

TOTAL 1B 0BSRVATIONS o

16 lo 1"7 ,18 , 1 IS

I I I o I
, I I I ,I I"

1500 50io 1540o 1560 560 Ir6o0 162o

MISSILE VELOCITY AT SEPARkTION (T./SC.)

FIG.3 MISSILE VELOCITY AT BOOST

SEPARATION.
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FIG.4& 5
-D

ONE OBSERVATION
NUMBER, DESIIGNATL

THE ROUND
NO RECORD AVAILkBLE
FOR ROUND P0
TOTAL 1. OBSERVATIONS

4 8

12IC I+14 5

o -

1I 1 B 7 15,I. 1"7

3.0 3.. 3.4 3 "3.8 4.0

T I- TO MAXIMUM VE.LOCITY (SCs )-

FIG. 4 TIME FROM FIRING OF MAXIMUM
VELOCITY.

D
ONE OBSERvATON
NUMBER DE.irINATES

THE ROUND
NO RECORD5 AVAILABLE7

OR ROUNDS 1. 20
TOTAL IS OBSE.RVATIONS

52,15 16

i 3..0 i 8 14 1* I

3'2 3.4 3.6 5.8 4'0 4.2

TIME TO SEPARATION (scs.) -

FIG. 5 TIME FROM FIRING OF BOOST
SEPARATION.
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,.,, FIG.6& 7
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4

LE FT RICM4

-40 07 o200 400
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-ZOO
1

S-400DOW

FIG. 6 POSITION OF ROUND 4 SECONDS
AFTER FIRING.

NUMBER IDE%INATLS, THE ROUND
NO RECORDS FOR ROUNO 1. 6, 15. 20.

BASED ON MEASUREMENTS NORMAL TO A LINE FROM THE
QUIDANCE RADAR ON BEAIINQ 355 OE.CMR.5, LEVATION I9SOCREES

40UP40

12
0

.13 200.

4

LEFT -. oo RIGHT
I.

-400 Ile zoo 40O FEET

-10

17

-- zooI

400 DOWN _

FIG.7 POSITION OF ROUND 5 SECONDS
AFTER FIRING.

NUMbSER bES NATCS THE ROUND.No Rco" ootROUN% ie. i. a
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-FIG. 8
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FIG. 8LPOSTION OF ROUDG6RECND



/28SECRET TN. Q.W a39 f
-.. FIG. 9, IO&II

__7 ONE OSSERvATION.

NUMER DE.SICQNXTES
4 16 THE. ROUND

- - .... NO RECORDS AVAILABLE
FOR ROUNDS 1 6,15,2013 10 o 1"7

13 : o TOTAL 16 ObSERVATIONS

11 la i 1LEFT I, i 1t:4 IQH.T

-600 -400 -z0o 0 200 40 600
LEFT/RIGHT DISPLACEMENT (FEET)

MEASURED FROM LINE OF FIRE, BEkRINC4 355 DEGREES.

FIG.9 LIR DISPLACEMENT OF MISSILE 4
SECS AFTER FIRING.

- K]7

ONE OBSERVATION

NUMBER DESICANA.TE.S
THE ROUND

4- 16 NO RECORDS AVAILlk&LE
16 FOR ROUNDS 1, 6, 15,20

13 10 5 1-7TOTAL I6 OBSE.RVTIONS

11- II a " 14LEF RI C1HT

-GoO -400 -200 0 Zoo 400 600

LEFT/RI-'T DISPLAC..MENT Or MISSILE (FEET)
MEASURED FROM LINE: OF FIRE, BEARINC 555 DE.CRC.ES

FIG.O LIR DISPLACEMENT OF MISSILE 5
SECS AFTER FIRING.

K-
ONE OBSE RVTION

"'7 NUMBER DESIQNATES

..... - THE ROUND

10 5 I 5 NO RqECOROS AVAILABLE
... I-FOR ROUNDS 1, 6,9, 1. aO

I TOTAL.. 15 OBSLRVAMTONS

LET 13I i 17 is 1 4 '14 a RIGHT

-GOO -400 -Poo oo 400 Go
L,.PT/RG1HT DlSPLACEMCNT OF MISSILE. (FEET)

MEASURCtO FROM LINE. OF FIRE, BrAkIN 1 355 OEGREES.

FIG. II LIR DISPLACEMENT OF MISSILE 6
SECS AFTER FIRING.
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FIG. 12.13 & 14

7

-- 10 ONE OBSERVATION.

-- NUJMBER DES0NA1TES
- - THE ROUND
14 NO RECOR.D% AVAIL.ABLE
_6 3 - FOR ROUNDS 1,.6,15.20

7 - 4 8_ TOTAL io OBSERVATIONS

DOWN 3
-400 -200 0 Zoo 400

UP/DOWN DI5PLAr.Fm.N-T OF MISIL. ( -. ET)
MEASURE.D FROM LINE. ELEVATION 19 DGREE.S,BEARINC 355 DEQR.ES,

FIG.12 UID DISPLACEMENT OF MISSILE 4
SECS AFTER FIRING.

5 ONE OBSE.RV"TION

-7 NUMBER DESICSqNIATES
9 THE. ROUND

NO RECORD5 AVAILALE.
.1o FOR ROUNDS 1. ,15, 20

I I TOTAL 16 OB5ERVX.TIONS

14
16
17 4DOWN Fl IP - - U

-- l0oo -200 0 oo 400
UP/DOWN DISPLACEMENT OF MISSILE. (FEET)

MEASUR E- FROM LINE ELEVATION 19 DEGREES, BEARINQ "55 DECREE5

FIG.13 UID DISPLACEMENT OF MISSILE 5
SECS AFTER FIRING.

ONE OBSERVATION
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..5.. TmE ROUND

7 NO RECORDS AVA~ILBLE
0FOR ROUNDS 1,G. , 15,20

--10- TOTAL 15 OBSERVATIONS

142

DOWN . l IT 7--'3- ,P

-400 -200 0 200 400
UP/DOWN DISPLACEMENT OF MISSILE (FEET)

M.AURED SROM LINEC LEVATION FIR ONGI.EES, S.ARIN4C 355 OE.C.

++'L, +:,+ )+.SECS AFTER FIRING.L+- FI.1 /,IPA E E T O ISL
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FIG. 17 & 18

ONe OBSERVATION.
NUMBER D-SIQNATES

... 1THE ROUND

5 NO RE.CORD% A.VAIL.. BLE.
FOR. ROUNDS 1,6, 15, ao
TOTA, L 1 OBSERVATIONS.

10 4

ii I  8

19 17 14 . 3
DOWN I

-80 -40 0 -+o so ,z0
UP/DOWN VELOCTY OF MSSLL (FT/SEC)

MEASURED NORMAL TO LINE, ELEVNTION 19 DECREES, EARINQ
Z55 DEGREES.

FIG. 17 UID VELOCITY OF MISSILE BETWEEN
4 AND 5 SECONDS AFTER FIRING.

W
ONE OBSERATION
NUMBER DFIC NAT-5
THE ROUND
NO RECORDS AVAILABLE
F'OR ROUNDS I,6,5,15.aO

TOTAL 15 OBSERVATIONS

DOWN lB 5' I~ 10 16 ' 7i.1

II

-120 -5o -40 0 40 so 1 0
UP/DOWN VELOCITY 0F MISSILE (VT/SEC.)

MEASUR~ED NORMAL TO LINE., ELEVAI1ON It DEGREES, bCARINCiI
355 Ur 4REEs

FIG. 18 UID VELOCITY OF MISSILE BETWEEN
S 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
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-, FIG.22,23&24 4-
L L

ONE OBSE VATION
1 NUMbiGA DESIGNATES ROUND

..... NO RECORDS FOR ROUNO 1I,6,1S20
TOTAL. 1, OOSRVATION

7 1 10

-- -4- --I I I

as 11 is ' 1
3 16 1"/ l B I, 9I?.

3,00 4,000 4,400 %80o 5.200
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FIG. 22 SLANT RANGE OF ROUND 4 SECONDS
AFTER FIRING.
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5 I7 II',
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FIG.24 SLANT RANGE OF ROUND 6 SECONDS
AFTER FIRING.
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L i NUMBER OESICJ1SNATE!S ROUNO
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8 ZERO ERROR.
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FIG.25 BEARING OF RADAR BEAM WHEN
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FIG. 26 ELEVATION OF RADAR BEAM 'WHEN
MISSILE IS GATHERED.
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FIG.28.29 & 30
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2~ FIG 31-35

ONE OB5E.RVATION 41
NUMBER DL ICNkTL ROUND I
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I, 6, 7,5, I0, Ia,,,ao 8 15
TOTAL Ia- OBSERVATIONS .. I

I Ilr c 17 :14: 18
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FIG.31 MISSILE SPEED 10 SECS AFTER FIRING.
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TOTA.. 10 OBSERVATIONS - - - -
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FIG.32 MISSILE SPEED 15 SECS AFTER FIRING.
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FIG.33 MISSILE SPEED 20 SECS AFTER FIRING.DONE OBSERVATION
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FIG. 34 MISSILE SPEED 25 SECS AFTER FIRING.

4 F1 ONE OBSERVA ION
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tFIG.35 MISSILE SPEED 30 SECS AFTER FIRING
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FIG. 36-39
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AFTER FIRING.
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FIG.44(o) TIME AFTER FIRING WHEN SPEED
DROPS TO 1200 FEET PER SECOND.
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FIG 45& 46

ONE ObagotVATlON __

TOTAL. 60 0BSLOVATIONS
TO CORR=T. PrO PARAL.LA%,
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FIG 45 ELEVATION OF BEAM RIDING DIRECTION
RELATIVE TO THE AXIS OF FIXED

REF ERENCE TELESCOPE.

ONE OBSERVATION
TOTAL. 60 OBSERVATIONS~

TO CORRECT P0rO PARALLAX
SvbTftAr-T 4.1 MI.S FROM

ki-i- OSEVATIONS
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FIG 48 BEARING OF. MOVABLE REFERENCE
TELESCOPE RELATIVE TO FIXED
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