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ASM QPERATICMiVL RESEAraai GROIjP 

REPCTCT NO.  U/5}, 

ASSESSMEW: CF FORMS .OF ANTI-TANK DEFENCE 

EPEECTITONESS CF BRITISH AND RUSSIAN TANKS 

Prcparod by:    Major R.W.Ecclcs, REME 
y/.L.Knotoven 

ABSTRJVOT 

This report is part  of a general study on the "Aaseaamcnt of 
forroa of V^k Defcnco", and in it an attenpt is made to derive 
values for British and Russian tanks of their "Measure of 
Effectiveness'S the theory of which was evolved in AQRG Report 
No. 21/50. 

Results are obtained for the Effectiveness of the British tanks 
Conturion i.ik, 3 and CanGt vis-a-vis the Russian J,S,3 and T3i|/85» 
at ranges of 600 yds, 1000 yds and 1500 yds. 

The Measure of Effectiveness does provide a compariaoa of the 
inatrinsic gur/armour merits of the tanks, which should help in 
pr.vlng'a scraewhat firmer basis than previous estimates for use in 
-he overall planning of the armourec1 role in anti-tank defenoe. 
However, the values obtained should not be utilised divorced fron 
the context of this report. 

The results obtained indicate that within the terms of the 
meaaure of effectiveness described in Report No. 23/50 and in this 
paper: - 

(a) The Centurion Mk, 3 ia slightly superior to the J.S,3 and 
superior to the T3/(/85. 

(b) The Comet is inferior to the .T.S.3. andis about equivalent to 
the 13^85, 

The indicated superiority of British over Russian tanks is duo 
principally to the higher rate of fire. 
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Mm    OEERflllONAL    RESEARCH   GROUP 

REPCRT   NO.    11/51 

ASSESSMENT OP FORMS OF AOTI-TANK DEFENCE 

EFFECTIVENESS OF BRITISH AND RUSSIAN TANKS 

"Aaaeaament of Foms of //rk Defence" 

is   the title of a general study,  the 

aim of which us to produce mfomation 

and evidence that will contribute to 

the  solution of the problem; 

"What is  the best form of defence against 

Russian armoured forces?" 

This  is  one of a series of reports 

that will deal v/ith different aspects 

of this general study. 

A general Introduction to the problem 

has been published as /J3RG Report No,  20/50. 
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KKPOKT    Mo.     11/31 

JVSSKSSMEJIT OF FOhJfci Oi'' Jff^nVijK D?:i:,ENCE. 

EKECTIVKiffiSS 01-' BRITISH jjTO hUSüL.N TANKS. 

Prepared  by:- Major K>'iU Rcclüc, ItEME 
V/.L.  Kucteven 

IiITl.ODUCTION 

1. Thic. report i;; virtually an appondix  to .'JDRC Report No,  21/50, 
"Tanks, in the ,../Tk, Rule;       ,; Measure of Effoctivoness"!    it  attempts to 
translate  the theoretical  solution given in that report  into  quantitative 
figures, for two current  British tanks v/ith respect to two current Russian 
tanks unJer specific conditions. 

2. The numerical results obtained for Effectiveness should be  interpreted 
in the light of the limitations discussed in Report No,   21/50 and of the 
conditions  detailed in this paper. 

OBJDCT 

3. The  object  of the   report  is  to indicate the manner in which the  data 
may be obtained for calculating the measure  of effectiveness defined in 
Report No,   21/50, and to detail the present method of calculation of this 
measure.      In particular,  to dctcruinc the effectiveness of:- 

(a) the Centurion ilk.  3 r.iountinj] the 20 pdr gun firing AFDS ilk.   1 
shot, 

(b) the Comet mounting the 77 mm i^un i'irinc APCBC shot, 

with respect  to;- 

(c) the Josef Stalin 3 mounting the 122 mm ^un firing APBC shot. 

(d) the T34 mounting the  65 mm gun firing APBG shot. 

GENKR.X 

4. In Report Np,  21/50 the Effectiveness  (s)  is related to the numbers 
of a given type of tank that would bo required to meet a given number of 
enemy tanks on equal terms, and it is shown that the effectiveness of an 
allied tank (v/ith respect to a given type of enemy tank) is measured by, 

E    =/ ^\X    where   K;^ represents the mean killinr; power of the allied 
-'  KXA 

tank (/v) with reference to the given enemy tank (x);  and KXA    represents 
the mean killing-power of the enemy tank (X)  with reference to the allied 
tank (A).      It is shown also that E nay be written in the form;- 

____^ /mean chance that an allied round will hit and destroy an 
/allied rate of A-lre/

euuny tan^  
\'   enemy rate of firo / Sean ch-.ncc  tint an enemy round will hit  and destroy an 

allied tank. 

-r  1    - 



^,       in  LIK; prcuout ;jr.pcr  fchu cli,',.ic;o  of ■. hit  iu  j.\-latoJ to  that  01' tho 
first roiun! ruiii   Ihu :.ic;ai !:iiljL.iv; j_iö./ur of  tl.i.;  roiaiJ ualci.iln.teuj     the 
iTitu of fire 11; tliuu uabcxlii   i  ir» tho cnlciili-.t-iuu ;.,, tin- invorac of  tho 
firing int^ivali i.o.   Lho  tiuo   üLJCUII to liaJ,   lay    al firo the i'irat  roiuKl. 

6,      It is uasuutio.! that the ;,;;.j u.i^tiouö :.u:l coiidltioiis w.ion ivhioh  ; 
valuoa for offoctivonoss are oht;.iucJ aro aoprociatoJ (cue iVpyondiri 
and ii. shoulJ be uiideratoocl   l'a:it 10 i.i-'-.j      ^cacral iivclio; tiLin o;' 
rolativo values of the iiistriaiaic ^.IUV ari.ioiir r-uritj only,  and   i' 
cover all the aclditioual factor.; ..hich enter into ari.iouivd  ... r 
rcaalts :..u;jt j  therefore,  ia mi ..ay ee  tala.a to .jpecix'y tli.   n ■ 
üuperiority of one tj'pc of  t. .,,1; over .■.= .other :iji all  tii 
ca.ibijiatioiis of cireni.»st;uicca  .;.....e!i .v-.y cioeui' JJI   jiy . .   ■,  .au.ibor 
of battleü  ur in the li/^\'. L'OII;.      io./ev^r,  .ijif...,  th. 
characteriaticü are the jf.rcdo, liuaut   i.\;atuj\.j  . L' Uio  battle 
ia juiiiod,   the offectiveneos deriv^.d  oa .;ueh ,•',  I; .. aid be 
ftmdar.wntal .aid therefore the  rvjult.a  should be r.-_, übe,  as a foundation 
upon which esseasneuts or prcdictioiu of futui'o n..t   i    requirononts» 
whatever their nature, my be .L.I>., 

7,      The :.icthod of catii-iatin^; ..fiVctivuica.; i    briefly as followa:- 

(a) 'Che vulneiAiblo aiva   ixeüt.nted  t.y  tlie  i.aer.iy tank te the 
allied attac'; in calculaLeil  at  Jiccrete intervals of 
15° t'.round the tank, 

(b) Che chance of the  allied  ,;iüi Itittinj theac vulnerable areas 
at each 15° aspect  is calculated, 

(c) The chance of hittinj in multiplied by the chance of that 
aspect boinfj; attacked,    n .  the results ju.ii.td for all 
aspects fror.i 15° to 36O0. 

(d) The siu.i is then rjultipliod by the rate of fire or the 
inverse of the firing interval of  tho allied  tank,to 
obtain K.Y» the ucan Icilling po\("or of the allied tank 
atjaiiist      the enei.;./ ta;ik, 

(e) Tlie process is  repeated  for tho allied tank under eneuy 
attack to :;ive K,,   ,   and tlie  SIJU .re  root  of the ratio ^-AX 

obtained for tho measure  of Effectiveness. 

Coi.rplete details of the netho-d of calculaticm are given in 
Appeiidix B, 

8,      The chance that a particular aspect of a tank . d;;ht be attacked 
requires the assui ration of sci.ie ; artic.;ular fon.i of directional 
probability variation (d.p.v,).    .In  this study a uodii'ied (elliptical) 
J.p»v, has been developed to coafom './ith data  fra.i battles of tho 
1939-19'i-5 War,    This olliptionl d.p.v,  replaces  the acre usual 
./hittakcr's d.p.v, (the departure  froi.i the .diittalier d.p.v,>  hu-./evei-, 
docs not cause large alterations in  the resultant efi'ectivcnoas»  seo 
L^pendix E),    In the calculations  the  sane d.p.v, has been used for all 
tanks v/hothor Lllied or cneuy, and  no discrii.d.na,tiai has been it.de in 
this respect betueen the attacker raid tin   attacked. 



9. Tiic ruaulta prcacntcd in  this or.pcr (ü^U :\13ü Appendix   C-)  include 
rnn^o crrora i'or rr.ir;c fiiKiur oniy   .ntl do not iacludo ;uiy ixuults Tor 
visual critiiio.tion of rr.Ajc.    Thiu   tends  üo IV./our thu   '.unaicui ocjuip..ienta, 
sinüo \.ith a ranjol'iudor  tht.  resultant errors on r vi.i'ticr.l tarjet .-a'c 
nor.rly urjucil for both Brxt'i^h   ■ud I'lussian ;_una, \,-horoa3 the visual osti- 
j-iation ran^c errors oa a vertical target are lar er i'or tho Russian than for 
the British „uns (sec /.ppendix 'D  ). 

10. In „caeral the tondchey in this  report has been üO over-rate  the 
porforaunccs of Russian ar. tour end shot Ly considering tlicn equivalent  to 
i-hcir British counterparts,    '.'his applies particularly to the penetrative 
pewors  of the Svisaüui shot,   „'here  tho  Ordnance Board figures for the 
thickness of ar..iour perforated are  SOLJO 2(|o greater than tliose ijiven in the 
Kussian docui.ieu'us aVaJ-lablo,     (dec jiijiendix    I''),    The data on Russian tanlcs 
a.nd ,;uns has» uhorcver poasililo, Loon obtained fra.i the best available 
intolli'once reports;   hut i.ncro no i.ii'uri.iation i.'as available tho British 
equivalents have been used,     i'h^ liiaorcpcaicies hot,.von the   iussian and 
the-Ordiruico Board fivures for porforaticsn a.re   n'oba!)!:' due to the use   of 
different criteria ■ or fomulac.    it  is  generally ..eoc ted  thr.t Russian 
ar-ioiu is inferior to British ha.iof'ouoous   jlate. 

Iü.'.VIIL'I.ü 

Bj'foetiv'jnoss 

li.     i'ho i'ollo..ln   lable fives values  of tho Ef■'cctivcncas (E)  for two 
British t-.nks v.'ith respect   to t.,o Russian tanlcs»  assiaiin^ all ranges arc 
lenovm with ranfjefinder accuracy,    n^niros ai'c quoted for t"..'o aii.iiiy points, 
(i)  the centre of the hull,   (ii)   tho  centre  of  the largest vulnerable plate. 

Table  1. 

Effectivoiioss;-    British v 'Jussian ta 

i 

Allied 
'Panic 

lanf;e 
i.n yds 

i 
versus 

(122 :/u.n 
i LA. 

Centre 
of Hull 

J.O.    3 
'BC,    3  rds/j.dn, 
if; Point 

Vul 
Area 

Versus 
(UI; ../a .aTBC, 

Ucntrc 
of Hull 

7-1 rds/i 
Point 

Vul 
i^rea 

dn) 

Jcnturion 3 
(20 pdr JJPDSJ 

12 rds/.ii-i) 

600 
1000 
1500- 

1.3 
1.3 
1.6 

1.9 
1.8 
2.0 

2.3 
2.5 
2.7 

2.3 
2.5 
2.8 

3 a.iot 
(77 r/i.i APGBC 
12  rds/.dn) 

600 
1000 
1500 

0.9 
0.9 
0.8 

0.9 
0.8 
0.8 

1.3 
1.1 
o,9 

1.3 
1.1 
0.9 

Tho figures for Effeotivonoss ;,iven r.btwo indicate the ratio of 
Russian to British tanks that  ,.ould be requirod   Lo ;;ive hoth sides an 
equal chance  of suocoas.    Thus  ./ncn E = 1.3»  10 Centurion A 3s are 
considered,  on the avoraoe,  to IJO equivalent to 13 J.3.3s. 

12,       In addition the effectiveness  of Centurion equipped with a 17 pdr 
gun firinc APCBC shot against theJ,S.3.has been calculated.    Figures quoted 

- 3 - 
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below are for rxiiin,- at the centre of hull only,  since this is norual 
training prnctice. 

T-hlc    2 

Kffcctivoncös: -    Centurion Ilk,  2 v J,S«3. 

.;llied 
Tank 

ivv.n, -c 
in yds. 

Versus J.G,3 
(122 n/u .TBC,    3 rds/rain) 

Centurion 2 
(17 par ;j?C13C, 
12 rds/nin) 

600 
1000 
1 r)00 

1.2 
1.0 
1.0 

13« The  possibility thr.t tho p,usr:i;.na ni Jit  :.tto;.ipt to improve the 
pcrfonnancc of tho J.3.3« by up-yuiming or by increasing the rate of fire 
hr.s been oonsidorcd, and in orJcr 'Q evaluate  a figure for the effective- 
ness in these  eircLUst.-.nces it   lias bv.n   .ssuied that the 122 ram Kun of the 
J.S.3 is rcpl-.ccd firstly by the Coin .an Oo in Kwk 4-3, and secondly by tho 
85 ran gun of the T34i      The füllov.-lu'j t vblc  gives the results for the 
effectiveness of Ceutiu-ion 3 with roapoct to those two hypothetical 
Russian tanks. 

Table ^ 

Effectiveness;-   Ccn.tujT'.on '']■:■,   3 v ■T<S.3 v/ith 80 n/n and 05 m/m 

;jlied 
Tank 

Hange 
in ydc 

versus J.S.3 
(88 n/iu :ic:;C, 3 rds/nin)    (05 m/m .TBC, li rds/nin) 

Centurion 3 
(20 pdr .TDS, 

12 rds/minj 

600 
1000 
1500 

1.3 
1.3 
1.5 

1.3 
1.4 
1.7 

Relative Effectiveness 

14« The  follov,an,r; table  shovs  the relative  effectiveness of the  tvro 
British tanks Centurion Hlc.  3 and Coract,  on the basis of their performance 
against both tho J.3.3 and the T3V^5>      These  figures are derived from 
Table 1, .and  are quoted only for aii.iin;; at   the  centre hull. 

Table    4 

Relativc Effectiveness;-    Cfmterion Mk.  3/Co^iet,on the basis of 

J.S.3 an.l '134/05 

.Ulied 
Tanics 

Rango 
in vein. 

On tho b 
J.5.3 

-isis off 
T34/e5 

Centurion 3 
V 

Co.'iot 

600 
IOOO 
1500 

1.5 
1.5 
2.1 

1.7 
2.2 
3.0 

- 4 _ 
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15, A similar comparison is given for the t-.vo Russian tanks J.S»3 and 
134/85 when matched against the Centurion Mk.  3 and the Comet  aoparatoly. 
Those figures are also derived from Table 1, 

Table    3 

Relative Effectiveness:-   J.3.3/T34/85 on the basis of 

Centurion Mk,   3 find Comet 

Enemy 
Tanks 

Range 
in yds. 

On the ba 
Cent,  3 

sis of;- 
Comot 

J.S.3 
V 

T34/85 

600 
1000 

■    1500 

1.8 
1.9 
1.7 

1.5 
1.3 
1.3 

DISCUSSION 

- 

16.        It vd.ll be noted that  in Table  1, the British Centurion Mk,  3 
is shown as being slightly superior to the Russian Tanks;    this 
superiority slightly increases with range because of .the smaller increase 
in range error of the high velocity gun in the Centurion 3» v/hichhas a 
flatter trajectory and smaller angle  of descent  than the Russian guns. 
It will also be scon that the Comet  is inferior to J.S.3 but roughly equi- 
valent to T34/Ö5» and that its effectiveness against these tanks slightly 
decreases with increase in range.       In Report No.   21/50 (para,  28)   it  was 
suggested that effectiveness would  not bo appreciably sensitive to 
alterations in range and the values given in Table  1   show that  the 
variations with range arc in fact  small ovor the operative ranges, 

17« Table 1   indicates that  in general there  is no appreciable 
advantage to be  nained by ai ing at  the vulnerable area instead of 
at  the centre of the hull.      The somewhat greater superiority of tho 
Centurion 3 over the J.S.3 when aiming at the vulnerable area is 
accounted for by the fact that  in the head-on position when the hull 
front plates of the J,S,3 arc invulnerable to the 2C pdr, AEDS Mk,  1, 
the mantlet of the turret is considered vulnerable.      Thus for this- 
aspect the ch^nco of a kill is appreciably increased when tho aiming 
point is raised from tho centre of the invulnerable hull to the  centre 
of the vulnerable mantlet of the J.S.3. 

18, When the Centurion with the  17 pdr,  is opposed to the J.S,3» 
Table 2 shows that the two tanks are  roughly equivalent to one another. 
If the J.S»3 were equipped with a hi.hcr velocity gun such as the 
German 88 mm (as shown in Table 3), tlic superiority of the Centurion Mk,  3 
would  remain the some as against tho 122 mm gun at  ranges of 600 yds,   and 
1000 yds, but would decrease at  the longer range  (1500 yds,).      Whereas 
if the lower performance 85 mm gun wore installed in the J.S,3 the 
superiority of Centurion would be  increased, although tho 85 mm has a 
shorter firing interval (a higher rate of fire)   than the 122 mn gun, 

19, The general effect of the firing interval or rate of fire as betv.-cen 
the different  tanks is indicated by considering the value of E for the 
Centurion 3,v,  J,S.3 at 600 yds.   (sec Table 1 ,E = 1.3).      In order to 
obtain parity between the two tanks (E = 1)  it would bo necessary for 
the J.S.3 to increase its rate of fire by CCf/ö (i.e.  from 3 to 5 rds/min); 
on the other hand the rate of fire of Centurion 3 could be reduced by 
more th:m one third (i.e. from 12 to 7 rds/min)  before tte same effect 
is obtained.      Also parity would occur when aiaing at the vulnerable 
plates if the rates of fire of the J,S,3 and Centurion 3 were 

- 5 - 
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approxiractoly oqu?.l,    'au. aliortur i'j.rin.   i..tcrvr.l MIU tho greater 
accuracy oi' Liio ;;un aocomvt  L'or  the Ga.tpaxv.tivuly '■■ooJ   ■url'or.ntutoo  öi1 

(ia.ifit   rvaiast the ,j..;.3>  .■.Lllioaji   IVjvv   ol'  Lh..     I .tuü  on  . u. J.ö,3   ' ^"^ 
vuliior.d-lo to 77 i-^ *ü^3C   .Lu.-jh. 

20. Tho coj.nr.iM.aoiia   dvi n jji V:.1;.'1L li- of  tho  t\/o B-'.i.tish trjiks 
Cciiturxai j aiJ Cu.j.t o.i Lav i.,-.,,.i.ii ux" uiicir relative ourf'on-vuio.   ;v_;ain3t 
both J,S, 3  aaJ TJi^SJj  .ilw.,  ui,.t CJöiiLurion 3  ij superior to Oa^ct»  aa 
mi ,111; hr.vo buon . ^.i.^Lcl Li vi...,,  oi' 'iiiu; hi/^ior velocity ,-un anJ heavier 
.•u':.iour of  ülu; Cciiturion 3, 

21. äintLLi.r conrpai'isuia, i.tilo in V;bJ>.  'i,  of tlu:  t,.o   ai.3.ii:u t.'uJca 
J.S.  3  "äI 'i,3Jb'''ü5  Oil tu.; ba;ü..j ni'   Liu-ix" r>-lativt,    ^ri'oi'.i ..nx, ;v;aJ.ii:;t the: 
British L.jilca,  aidu   iv^. i;.i!.:i.;tuiit  xv.julta -.■.aü Cijü'iri.i tii.t J,.j,3  is 
superior to the T3^-i    l- thin v. JO,  .ICUVJ-T»   ^U, J.O,3  .ih,,..j ui ^voii 
bettor -.hen the ccc3>Tition i.;   i   :o  t'.i the brvcis of  the hor.viur briti.jh 
tank (Centurion 3)>  '..heiv:iJ   Li   ' bi    'i-,  tloaturion 3  showu uy bebkur 
'..hen the basis ia tho li,,a'i.er   ■\i_;i:.ii  L: iJ: ('['34), 

22. ibioLlior point;  .... 11 !r l-':i' ...  ■ ■ ..ai'uiit  i.i Uu.   ca.iparison t'ablcs 
is  that  Liio off ctlvciK..ä.; m'  LH..   l-ai.!;. u.paippod "ivith  Liu, hi ,her volocifcy 

■un  (Centurion 3)   iaer:: .■.e;.: ..J.i hMy v.dth r'.e >•,   -ail   tin., uffoctivouess 
of the tank djuippuu „ilh the L... r v^looity   ;iin {.),'■>,:i)   leere üOS   ..1th 
ran^c,   within the Ih.iiL; ei,iiabi...r...;  in  i,hJ.i  Cv.^ort, 

nuiOhUST.fN 

23.      '!'he reaulta obti'.inoi.! inaieat,,.   that vd.t'nin  i,lii.  tcrr.is of ehe Measure 
of effectivenosa dcacribe,! in      ,,ort iio.22,/h.     .i.l in  '.his pnyur:- 

(a) the Centurion Hk. 3  ia ali   litly aa.^rier  to tho J,S,5  CJ^J 
' superior to the 'i'jV'ii'j. 

(b) the Ca.iot is inferior to  iäio J.5.   ;  .■.n.! is about equivalent 
to tho T5ii/Ö5. 

ADIC-iO.VLRiXl.EJiEiri' 

Sin      Actoov/led^i.icnt la „lade for tho help lui.l u.-ta IcLi  !,/ r.upaliuJ by 
the  Qfanonce Board, Supcrintenclent of hppÜLxl ballisfcioa, a.nd the 
Fi,'litin." Vehicle Design ßstaiiliah.ieut, 

Superintoiidcnt, AORG. 

August 1951. 
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•OPgigf- Appx   A, 

Appendix   A 

Asaaiptiona and Con lit ions for tlic Calculation 
of the Measure of Effectivenoss 

Tlic  followin;-; lint details the assumptions and the corditionn v/ithin 
v/hich the calculations of cte Measure of Effectiveness arc nude;- 

(a) All hits on armour plate at  angles rrua'.er than 75° to the 
normal do not perforate  the plate. 

(b) A hit on a vulnerable ar.uourr.d area perforates and destroys 
or "kills" t IT .tank for th  t  paj-ticular on^apoment. 

(c) The i'irtribucion of shrjts,    uid   tbircforc of hitn, is bi-noriiv.il. 

(d) The   'crtical distribution an.l   the horiaontal distribution of 
shots are independent  of one  atvothor. 

(0) ,11 strikes are par'alicl to th( direction of attack and arc 
all normal to the   vertical axis  of the   tank, 

(f) 1h:   turri t always point;-,  tovards  the direction of attack i.e. 
the tank is alvi .ya üiijifiin;.  tlr   attaclccr. 

(g) The auspcnsion of .i t^nk docs not contribute to nor detract 
from the uruiour protection. 

(h)    All armour is of  the  .same  huraosoncous quality,    i.e. British 
homogeneous platt;, 

(i)    Tlut Russian shot fiivea   . penetr  tive performance equivalent  to 
th , best British shot, 

(j)     The whole  of the  eaT.ioured  hull  and   turret   of       t .nk  is capable 
of b..ing attacked. 

(k) The me an deviation of the horizontal error in range is 15r^ 
for a rangefinder and 250r for visu J (.stimation ('r* being 
the range in 1000 yds.), 

(1) The guns arc -.arm and clean i.e.   th. firs-t  shot is not the 
"•..armer" but is subsequent   oo  the -.nruer. 

(m)    The same conditions of borc-si htin^   nJ  seroing of guns 
aPply in all cases, ana fimfc 'i shots arc  used for "shooting in" 
the   rain an"  sieht. 

(n)    The  tanks are freely mobile;     i.e.   there is a possibility of 
all round attack, 

(o)    That  the  theory oi  the directional probability variation gives 
a reasonable ins -.sure  of  the   pro') ability of attack of a t .nk, 
from all directions aroun;   the  t ■nk. 

. 
- 

UUCi-^srsi P *t^vi 
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Appx B, 

The wcthod utiliuc-il   to U.~JC:JJ the tacan chance  that a given gun 
mounted in a. 0ivc;ii Vi;i Lul«.; ;;ud ilring u q;. ctiTluJ  Ly..>o  of :>hot vdll hit 
and äoaüi'oy a specii'ioii  t...;.lc ia cw  fullo'./a;- 

!,•     ij'rau tho dimensiou.; uaCi vsi^las of alopo  of nil  the external armoured 
plates  of  the hull and  turret  of  llu:   Lank under attack,  the areas presented 
by each or the individual plut-;ti are calculated for directions  of attack at 
15u  iaiei'vals around tin   Uni!;,    (i.öjuuiin^  that   the  front  of tho turret 
always points towards tiu. allackor at .,acli adpect).    The angle of attack 
of each plate  of the tank is calculated  for each aspect,  assuming all 
strikes are parallel  tu  the direction of attack and normal to the vertical 
axis  of tho   tank,     (DOC App^ndi^: il), 

2, Tho critical p^n'oi'  L.Uin emves (thiclcncas/angle)  are derived for 
Lhc attaclcing gun ,.t  tlu.   r:aige or r.jiges  rovjuii'ed,     (in this report ranges 
of bOO yards,  lOOU y^irds ...ii 1500 yiirus are i;oveiv.d),     (.iee Appendix l'1). 

3, Using   the data dej'iv^d  a.i.li.r paras  1 ■■JIO  ;■_  Llio presented areas of 
thos^. plates ■,,"lvie)i are  vuiini'.hie   Lo  Liu; attaol:lng gun (i.e. plates './hieh 
can be piex'forated)   aiv   t'l.t.d.iu.d  for eacli aspect at  the different ranges, 
(strikes at  angles  givater Llian 7i|tJ   Lu tiio noi'iual oi'  Llu.  plate are assumed 
not  to perforate bocaU::e i.iLher Liu. sliot breaks up  or it is deflected),(See App H) 

It-.      Tho  overall error both in <. levation and  traverse  (i.e.  height and 
line)   of tho attacking gun in .Us particular mount,   firing a specified shot, 
is obtained by summing  the.  squares of  th . various individual errors present 
iii the gun,  the sijit,  the ..iauut.ini', and  the  layei'.     (See Appendix G), 

5.      The errors in raa^^e ^ct-U.i:.tion on a vortical target using both range- 
finder and visual moans   ire c-.leulated for Llu; particular gtin and shot at 
the given ranges;     assur.aug liori:;ujital error.:   of ISr1"  for the  rangel'inder 
and 250r for visual range  takiugj     „lu.re   'i'1   is  Lhc  range in 1000 yaxxls, 
(dec Appendix D), 

e,      A practical rate of fire  of the particular gun and mounting is  obtained, 
from \/nich the firing intorv.-.l or  llu.  ti,.;^   taken to load,   lay and fire the gun 
is calculated.    (Russian fiijuvs '..ere  obtaincJ  from tho b^st available ', 
intelligence reports). 

7.      Utilising the direction;.], prob: bility vari; tion developed in Appendix V., 
the vectors at each 15° are  ta'.a.n  Lo represent  Llu, probability of a tank being 
engaged at each particular aspect  ..iu.n IL  i.-'.   freely mobile, 

3,      Proceeding v/ith  Lhc above d.ita Li.o caleula.t ions  of'effectivoncs arc 
made,   one based on aiudag  at  the ceiitrc  of   lhc hull and the  other on aiming 
at the   centre  of  tho  largest vulnerable   plate   Tor each  aspect, 

9.      Tho presented  areas  .if hull , ud   Lurret    it  i,ach  aspect  arc  reduced to 
L\i'o reotangleD correcLT/ disposed  ...i.l.ii  respect  tu one .".nether and maintaining 
the correct height  for each, ainvie   Lhis  is  LIUJ critical dii.iension,    The 
vulnerable areas  of the hull and   Lurret  for i.-ach aspect and  range are also 
reduced to equivalent  rectangles curreotly disposed  ,riLh respect to the hull 
and turret  rectangles',     (dee Pig,  hi). 
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10, The  stinclard deviations of the ^un for toth clcvo.tion and traverse   , 
arc obtained from the  sur.i of the scurxcD of the  ^un and the ran o orrors, and 
hence from tables the  probability of a »hot hitting the vulnerable area is 
determined,  see Note 731,       (.'.asuninR non'.ial distribution of the shots both 
vcrticr.lly and  hori-'.ontally, ,and thai   the  two distributions are independent), 

11, The probability of a chot  hittin •   ■. vulnerable area at each as'Mct is 
multiplied by the   corresponJin : vector a»'  the   l.n.v,,  thus ^ivin^ .■,. figure 
for the probability of a particular aspect bcin    on .aged and a vulnerable 
area being hit  (i.e.   the aoan chance of   i kill at  each  aapect), 

12, The probabilities so obtained are QUunod   for all aspects up to 360°, 
thus covering the horizontal attack of  th.  tank from all points of thk.  conipasa 
and giving the  total mean chance of the tank being killed by the   given attack 
(i.o,  the overall vulnerability of th    tank to that particular attack), 

13» The  total mean chance of  the  tank boin, killed  is then uultiplied by 
the number of rounds fired per second by the attaching :;:un in its particular 
vehicle,  thus    ivin    a value for the  symbol K^x  (the mean killing pov.er of the 
tank (*>) v.dth respect  to tank (x)).      Sec ..ppendix J, 

14»        *i similar calculation is then eo..ipleted for  the effect  of the gun 
mounted in tank (x)  attacking the vehicle carrying the  gun (A)  and  the value 
of Kx/i obtained. 

15i        The square root  of the ratio "-AX mcasurt 
tank (.,;)  against  tank (x), KxA 

the effectiveness (E)  of 

16.        gs an -dtcrnativc to the method  outlined   vbovc and  in Note Bl, a much 
simpler and more general method of calculatin ; the  pro1'ability of hitting 
the  vulnerable  area is dot died  in Note B2  of  this    .^endix. 

Note B1I 1st Mot hod 

1. ^o "nd ^t arc the standard deviations for the attacking gun for the 
vertical and horizontal planes r.-.sueetivcly. They arc expressed in feet on 
the-tar-jct for a given range; ''.'~, includes rangefinder rii ;e crrorr.' . 

2, aiming point at Centre of Hull: (s ce Pi. Bl), 

(a)    Turret;-   a^  -.nd b^ ari   the   vertical co-ordinates of the 
vulnerable area of  the  tu-ret measured  frxi  the aiming point, 
a^  is  the   list .nee frxi the aiiiin' point  to  the  top of  the 
vulnerable ana and b^  from the ai.ain,   point  to the bottom 
of the vulnerable area.      The probability of   \ hit  on the 
vulnerable area of the  turret, v.ith respect  tothc total 
vertical error of the  , un is,  therefore; 

^ c 

h 
.(1) 

The horizontal co-ordinates of the turret arc ot atid dt, and they 
change with aspect. The position of the turret, in the broadside viev,-, 
is usually forward of the centre  of the hull.      The  distance of the  centre 

K     This and sinil r expressions are evaluated  i'rom tables,      P represents the 
normal probability area between the limits    +      x . 

■SR^RKT 

LVCUVilFitiP 
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line of the turret from th.. oentrti of the hull niters v/ith aspect end this 
distance must be oonaiderol ■ iien evilu;\tin^ ct and dt«       If this distance 
be called  'z',   then 

cfc    =    z    +    Icn.'jt'i of valuei'o.ble area of barret 
2 

dt    =    z    -   length of vulnerable area of turret 

If the  horizontal üxtrenutieu of the vulncrn.''lo ar n of t'ne turret 
lie  either side  of   the  centre line of  the hull both a^  and dj are positive, 
othenvise  one  of them i;; ne T.tivo,      The probability of a hit on the vulner- 
able area of the   turret v.ith n.'spoct  tj the  total line error of  the-  jUn,  is, 
therefore,    .iven by 

i U_£t,p_ij    (2) 
I "• t 

The probability of' .-. hit on th.; vulnerable firea of the turret,  for a 
^iven aspect, is the product  of the tv/o indupei  '-'it probabilities (1)  and 
(2),      This is syi..boli^ed by pfc. 

(b)    Hull:-    The co-orliuates for the   vi'l     ■•--ble area of  the hull are 
sytiboliaed by ;.,  I.i, o and d with the  ea   ,ei'i.nt   'h', u^ and b^ 
,are the vurtic;.! co-ordinates and c^ and dh ti<>-  horizontal 
co-ordinates, 

V/hcn the aii.iin^i point   U; the centre of the hull only one vertical 
Ordinate is required.      In these circuastancca a^ is used raid its value 
is half the hoivht  of the vulnoralle area oi   the  hull. 

The centre of  the hull is not always half way aloiv- the vulnerable 
area of the hull, so that ch is not always equal to dh but  (c^ +    dh)  - 
the length of the vulnerable,  'uv.a of the  hull for different aspects. 
Occasions arise when the vulnerable arua of the  hull is wholly in front  of 
or behind the  centre oi' th.  iiull, in these circui.istances either dh or ch is 
ne.iative. 

The probability of  i hit  on the vulnerable area of  the hull,  for a 
riven aspect,  takes  thu  f on.!:- 

i 
p-h    +    P     1jh )   ( P ch + P dh J   _    p. 

(rc 'c :-~t ^t 
) 

The probability of a hit  on thi   vulnerable area of   .  taidc,  for a 
Given aspect, is Pt + P^ = Pv, 

3» »ittlni? Point at Ge'Utre of Vulnerable    rea;- 

Whcn the   \i.iin., point  l-.j at  the   centi-e  or  the vulnerable area and both 
turret and  hull are vulnerable,  it  L;    ssiiiied  ch .t   the aL.un;: point is at  the 
centre of  the  lar est vulher bit area.       Vor MJ..IO t.:ipocts  the  turret only is 
vulnerable but  for uost aspi ets lioth tui-ret   md hull arc ,riii.nerable,      In the 
latter case the aii.in.; point  is virtually at  tho  i-'clra of  the   /ulnerable area 
of the hull. 

The co-ordinates, as before, are syiabolisi.d by a^, b^, c^ and d^ for  the 
turret and sijnilarly, \/ith ■   change of subscript, for the hull. 

nTini/i'li'll 
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Since the length of the  vulnerable area of the hull is often le^s 
than the total length of the hull, for a £;iven aspect, the distance of the 
aiming point from the centre line  of the turret is not the sane as when 
air.iina at  the centre of the  hull,      ^part from this change ct and dt are 
evaluated, for each aspect,  in the same way as before, 

ah is evaluated in the SOMC way as before and for  the same reason 
bh is not  used.      Since the  vulnerable area of the  hull is syrnuetrical 
about the aiming point only c^ is required, and its value  is half   the 
length of the resolved vulner-.blc area, 

4, In these calculations the co-ordinates are iiffocted only by the 
aiming point and remain the same for all ranges for a particular aspect 
of a particular  tank, except when variations of range alter the vulner- 
ability for certain aspects.      Otherwise a change of range affects the 
calculations only by altering the values of  Te and   CTj. for the attacking 
gun, 

Note B2:-      2nd Method 

1, ,'.  simpler ivcthod  of calculation has also been investigated the 
results of v;hich vary very little  fron th.ise  obtained by the original 
and more  detailed method (see Apxrrfix C for results).       In the  second 
method the  total hull and  turret areas are reduced to one equivalent 
rectangle (2a x 2b)  for each aspect, maintaining the correct overall 
height (2a)  and always aimin : at  the centre of mass.      The probability 
of a hit  on this rectangle  is then assessed i.e, P _^ . P _£ , and this 
probability reduced proportionately to obtain the probability of hit on 
the vulnerable area i.e.    Pv = Av .Pa.Pb  •    v/herc Ay is the vulnerable 

area at  a particular aspect and „ij the total target area at the same 
aspect,      This assumes  that   the   hi-ts arc unifomly distributed over 
the target rectangle. 

The rcaainder of the  calculation is ca,rried out as before. 

»ggCRET 
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Appendix   C 

Reoults of Calculations or th<. Measure of Effectivenons 

for British am] Russian Tankst 

TablcCI   of  this .Vncndix lists the results obtained for tht; 
Uütivcncss oC current "ritish anl Russian tanks, by the first nethod 

icto.ilcd in .appendix   B'»'    Results have also been inclurlod for the 
jenturion fitted v.dth the 17 pdr. ,cun;    '',-nti  ^ho hynothefcical cases 
considered of the German KHK k}, 88 r.y/m mn installed in the J.S.3t  and 
of'the Ulk, 85 Vni sun installcd in* the' J.S.3.      (Sec Table C2). 

2. Table C3 gives the  results obtained \,hen  the  shorter second method 
of 'calculation detailed 'in Appendix; B ' is used. It will be noted that 
the results vary very little from those obtained by the first method and 
when aiming t\t  the centre of the hi^ll. 
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Table 01. 

Effectivonossi (1st Method) 

! 

' Allied 
i   Tank 

i 
; 
t 

1      ■       • 
I 

Range 
in yds 

Versus J.S,3. 
(l22iran.4.?BC, 3rd!V'iainj 

ikininc Point 
Oontro of Hull1  Vulnerable «rvsa 
K      ■ K      . E       K       K       E 

Versus 134/85 
(85IIII.;,JJ

>
BC, 7grd£/rain) 

Aitiing Point 
Centre of Hull- ..Vulnerable «re 

Centurion 3 600 

1000 
(.25 
.24 

.20 

.18 

1.27,.42 1.22 

1.31J.34 :.19 
1.90 

1.77 

,44! .1912.30 

.41 i .1712.46 

.45 

.42 
. 20 J2, 26 

(20 pdr.ii'DS, .17 2.47 

[ 12 rd£/nin). 1500 .22 .14 1.62 .27 .14 1,99 .36 .13 2.75 .38 .14 2.78 

Comet 600 .19 .21 0,87 .19 .22 0.88 .43 .32 1.34 .43 .32 1.34 

|(77to..hPOBC 1000 .16 .19 0.86 .17 .20 0.84 .33 .29 1.12 .33 .30 11.11 

12 rdq/nin). 1500 .12 .16 0.79 .13 .16 0.78 .20 .21 0.92 .20 .23 0.87 
: 

Centurion 2 600 .24 .20 1.20 .24 .22 1.11 - - - - - - 

(17 pdr..J?CDC, 1000 .17 .18 0.96 .18 1.19 0.94 - - - - - 

12 rde/uin) 1500 .14 .14 1.041.15 j.14 1.07 ~        "   1  ~ 
1 

" — — 

Table 02. 

Effoctiveness, (ist Method) 

Allied 
Tank 

Versus J.S.3. ' Versus ■T.S.3. 
I (»a-in.i.PBC, 3rck/min) (85nun..J?BC, 7ird^/min) 

Range    j 
j  in yds j Aiming Point Aiming Point 

I Centre of Hull   Vulnerable Area  Centre of Hulli VulneroKb iiiea 
E 

ALX   I   Atx. HA. 'J    A*i. ' 
K Y jf K E 

i KAX fe 

Centurion 3 
(20 pdr.iPDS 

12 rd^min) 

600 
1000 
1500 

.25 

.20 

.22 

.20 M.271.42 j.22 1.90 ■,25 

.18 j 1.31 .34 '.191 1.77,-24 

.15 1.48 .27 1.15' 1.79 .22 
 \ ! i i  

.19    1.31 j .42 I .20 2.10 

.17 jl.40 | ,34! •17 u'ß 

.13 '1.67 ! .271 .14 2.03 
1 1        1 

Table Cj. 

Effectiveness, (2nd Method) 

Allied 
Tank 

; Range 
in yds. 

( 122Liia.;u.JBC, 3rd^/ndn; 
viming Point 1-        Centre ui 

"eöö" 
1000 

1500 

•R 
'AX ^ 

Centurion 3 
(20 pdr./iJTS 
12 rds/mln) 

.24 

.23 

.23 

.18 

.18 

.14 

(K^ = Allied tank firing at Russian 1    K^ 
Alliad tank). :' 

SSCRSP- 

^l^lä^ 

i'iring at 
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i.ppendix    D 

Ran.'io Fstimntion Kri.,oi,s 

1t It is shown in O.R.G. Report Mo.   225 (Sept.  45)   "'■".]  FVDE.RW. 
Report Mo, 81  (Feb. 48)   that v/hon the  horizontal ranr;c to a target is 
obt.-.ined by; 

(n)    visu'il csti.nation 

(b)    a ran o find or (suitOjle for tank use) 

the mean deviations (ni.d.)   to bo expected are;- 

(a) 250 r 

(b) 15 r2 

where  'r1  is the ran'io in 1000 yds. 

2, Thus the moan deviations on a vertical target at o. range  'r' 
are given by;- 

(a) 250 r.tnn   rr yds    =    750 r.tan    ^..ffc, 

(b) 15 r2.tan  ^r yds    =    45 r2 tan ß ^t, 

'ffhorc  '/"j.1  is  the angle  of descent of the shot at  the ran^c   'r', 

3« In order to obtain the standr.rd deviations of the range on a 
vertical target when the rcnge is estimated by visual and rangefinder 
means (i.e. '■-;/•    and ' "p), the mean deviations r-ivon above are multiplied 
by 1.25, assumin," normal distribution of the errors.      Thus  the  standard 
deviations of the ränget,on a vertical target arc ^iven by;- .   y = 940 r.tan 
ßr\  ^"F 

= ^.4 rS.tan^r ft. 

4, The actual standard dcviati)ns on a vertical  target  arc:- 

R.JGE 
600X IQOQx 1500^ 

(i)    20 pdr,  .JDS Jflc.l. 

(^)      '••> 

(ii)    77 CUm. i'JCBC; 

6' 11' 17' 

1.0 5.0 7.0 ft. 

0,04 0.19 O.63 ft. 

(a) 

(b) '■'F 

(iii) 122 ra.m, ..PBC: - 

1 

(a) *\ 

(b) ■'   w 

18« 31' 49' 

3.0 8.5 20   ft. 

0.11 0.5 1.88   ft. 

18» 31 < 49' 

3.0 8.5 20 ft. 

.11 0.5 1.88 ft. 



18' 31' W 
3.0 8.5 20 ft. 

0.11 0.5 1.88 ft. 

(iv)      85 i.i.ui. iJBC;- 

(a)      '-MT 

In case (iv)  ,-. slinilar perfonannoe  to the 77 i.i.n. ^^PCX (m.v,   - 2575 
ft/sec.      Co = 3)  ia assuaed for the 85 „1.1.1.   .PUC (n. v,    =    2600 ft/sec : 
Co   =    3). 

5. The calculacions  in this I'mort include errors ^or r,in, ca known 
•„'ith rr.n'■oi'in.ier accuracy only -.ri.l  rlo not inelalri any rr..&ults for vicual 
estimation of ranfe.      This  tends to favour the Russian cquipriients,  since 
■vith a ran ofinder the r.sultcnt errors on a vortical target are neni'ly equal 
for both British -.nd Russian    uns;     whereas the  viaail estimation ran e 
errors on a verticd tax- <.t  ar-e larger for the Russian than for the British 
3 uns. 

6. In Pic,  Dl  of this Appendix are shovm the expected errors on a 
vertical target   i'or different rurvs when the i'r'.n; o is ostiuatcd. by visual 
and ran;ofinder ,nc.-.ns,       'Sh.   curv. s    dif.o.l are  I'ov  the  20 pdr APDS Mk»; 1 
r.n.' the Russi-.n 122 r.i/i-i .J?PC   •n.  illnstrr'.tc the difx'orences in tlie  r-Mv.e 
orj ors  to be expected froi/i these  t'./o   :uns.       Tho  h _Lf heights  of  the 
Centurion 3 ;,-nd   the J.S.3.  ■''•ro --laj üho.n   '.nd  it v.'ill b.  seen that  up to 
2000 yds,  x-.'.ii, e the r.'.iK'efindor errors for  :jotii    uns arc less tlian these 
h'.lf hci'/hts.       On tile  other h .nd   ..'hen the i-n e is er.ti.r.ted  visually 
the ran e errors of the  opyosin;.; ;:uiis r nur.l the h .If hei, ,hcs of the 
Centurion 3 '-nd the J.S.3.   at rur,. s of 85O yds and 1350 yds respoctivcly. 
Thus th. f.:un of  the d,S.3»  is liXlc  to miss the Centurion 3   -t rratßQs 
gre-.ter than 850 yds ov/in.j to visa.l xv .n e errors n.lune, where.s the ^un 
of the Centurion 3 is not  li.-.Me  to ..liss  the J.S.3-   ov.in,;  to  these errors 
until the r .n0e exceeds 1350 yds. 

7. T-'.ble Dl  of this .'»ppondix details none data,  obtained from the 
Ordnance Board, of the errors in feet  on a vortical  tar et  at ranjea of 
1000 yds and 2000 yds for   :uns of differin,; muzzle vcloeitios '.nLl  shots 
of various ballistic coefficients (Co). 
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Table P.1. 

Errors in foot on a Vortioal TarF.ot for both Visual 

and Rangefindor Eatimation of RaiV';o 
(Moan Deviations) 

Appx D. 

| M.V. Co 1 
s 1 2 4 do 

PVseo: Range 1C00X 2ooox ; 1000x 2000« ICXX^ 2000x iooox :2000x ^ooo* 2000x 

1000 V 
Rf. 

52.7 
3.2 

310.0 
37.2 

43.4 
2.6 

210,9 
25.4 

39.7 
2.4 

175.2 
21.0 

38.0 '160.2 
2.3 j 19.2 

36.3 
2.2 

146.3 
17.6 

1500 V 
Rf. 

31.6 
1.9 

119.1 
22.9 

23.4 
1.4 

127,0 
15.2 

19.4 
1.2 

94. 1 
11.3 

17.6 
1.1 

77.4 
9.3 

16.1 
1.0 

64.5 
7.7 

2000 V 
Rf. 

18.0 
1.1 

133.5 
16,0 

12.7 
0.8 

72.0 
8.6 

10.5 
0.6 

49.5 
5.9 

9.7 
0,6 

42.0 
5.0 

9.1 
0.5 

36.5 
4.4 

2500 V 

Rf. 

10.6 
0.6 

89.2 

10.7 

7.5 
0.5 

42,3 
5.1 

6.5 
0.4 

30.1 
3.6 

6.3 
O.k. 

2fi.6 

3.2 
5.8 

0.3 

23.8 
2.8 

3000 V 

Rf. 

6,8 

0.4 
54.3 

6.5 

5.2 

0.3 

27.1 

3.3 

4.6 

0.3 

20.2 

2,4 

4.3 

0.3 

19.0 

2.3 

4.1 
0.2 

16.1 

1.9 

4000 v 
Rf. 

3.7 
0.2 

22.5 

2.7 

3.0 
0.2 

13.5 
1,6 

2.5 
0.2 

10.5 

1.3 
2.5 
0.1 

10.5 
1.2 

2.3 
0.1 

9.0 

1.1 

5000 V 
Rf. 

2.1 
0.1 

12.0 

1.4 
1.8 
0.1 

8.0 
1.0 

1.6 
0.1 

6.8 
0.8 

1.6 
0.1 

6.3 
0.8 

1.4 
0.1 

5.8 
0.7 

Note;-  For conversion into the subtended angle at the gun 

1' = 10.44" at 1000 yds. 

1 ft at 1000 yds = 1,15' 

CVr*! A^'Vr.;^ 
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ApponJix   E 

Dircctionr.l Probability V.'iri-'.blon 

Distribution of Hitg on n 'Vr.vk 

1. It vvas roquired to ■Jctenninc  the  pro'jr.bility 01" r.ttnek of or.ch 
aspcot of a tnnkj    in this paper thri r.spocts pi'oscntod at iiscreto 
intervals of 15° around  the  tank;  arc  considered,   -.nd  therefore  the 
probability of r.ttack for each aspect   "," ",         "-;   L'oual 
probability over an aporoori-.to 15° interval (i.e.  7i0 on either side 
of each aspcot), 

2» ii first attoi.ipt v,as tnado  utilinitir the Uhittaker  lirectional 
probability variation (d.p.v.)   (see ÖRG (',/ w s) Report No.  362, Chap:   IV). 
The  total area within the  envelope was taken as unity arc":  the areas of 
the separate I50 scctors (i.e. .'-. 7^° on either side of each aspect) were 
determined and  taken as the probability nC attack at  the particular aspect. 
The analysis of those probabilities showed hotrovor th-.t the percentr.'";e of 
hits on the  front,  sides and  rear  of a rectan ul'r tank hull wcrb  2^;, 
68^0 and 2f respectively, assuiuin,; a 2:5 front  to side ratio, and  that 
the nu.iber of hits was proportional to  the area of  ehe   front,  sides  or 
rear exposed to the attack (see Table E1  (a)   of this Appendix).      Those 
percentages did not conform to the  figures obt.ined from a study of the 
1959-45 tank casualties, -.vhich were ifO/'c front, 55/-  sides .'.nd ftl- rear. 
(See MORU Report No.   19). 

3. .   similar analysis wan made assu.iin;- a non.ial distribution of the 
d,p,v,  around the  tank, in this case  the pcrccnta ;eß vfcre found  to be  y\''t: 
front,  68^'  sid s, ^/. roar.      (See Table K1  (b))„ 

h-» In order to increase  the perccnta.x; of shots hittin;; the front  of 
the hull to 40/?, successive foras of distri'.mtion were then tried, usin;; 
both cartesian and polar co-ordinates,      (Roe    i'-s, E1  and E2 of this 
Appendix, v/hore  the probabilities at each 15° aspect are plotted as 
ordinates and  vectors).       It was  found   that   th,;  voctorial fom tended 
towards an elliptical envelope of scni-axos 2:1  with the  tank or  polo 
close to one  o'.' the  foci:     in this fom  the  percentages obt inod v.-ere 
41/   front, 58/   sides, g-- rr.ar.       In or>;r,  hov/ever,  to increase  tte  percentage 
of shots on the rear an elliptical envelope of semi-axes  20:9 VäIS tried 
and  found  to  '-ive 39»'"    rent, 3$h-  si.!e.?,, 2,    rear, \,-hich approximates very 
closely to the battle results,       (gee 'f,.blc E1   of this Appendix). 

5. Since  the   final elliptical  fomi ',ave  similar results  to those 
obtained from a battle analysis,  this wodifiod J.p.v,  was    ccepted for 
use in this particular study,  the 15° vectors represent in;,   the probability 
of attack for oe.oh 15° aspect arounü  the tank.      This particular represent- 
ation of  the probability of attack at  15° intervals  is termed the  "Elliptical" 
d,p.v.       (See Table El   (d)   and Pif     E2  of  this ...ppctvlix). 

6, It  is int ere ."tint; to note  the cffe.'ct  of usin, ■ "n'hit t, Jter'3 d,p, v, 
in the calculation of the "Measure of Effoctivenoss"/^^  ,  and   to compare 

the results with those obtained using the "Elliptical" form as indicated 
in the followin;; table; 

«■.!.'; 1 n r.* 

rra^inTV'i 
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600 yds.      1000 yds.      1500 yds. 

Gent 3 v»  J.S»3;-   V/hittrdccr's d.p.v. 
Elliptical d.p.v. 

Cent 3 v, T. 34/83;-tfhittaker's d.p. v. 
Elliptical d.p.v. 

Comet 2 v.  J.S.3!- V/hittAkcr1 s d.p.v. 
Elliptical    d.p.v. 

Cbmet 2 v. T. 34/85;- Whittaker's d.p.v. 
Elliptical    d.p.v. 

1.5 
1.3 

2.0 
2.3 

1.0 
0.9 

1.3 
1.3 

1.5 
1.3 

2.1 
2.5 

1.0 
0.9 

1.1 
1,1 

1.7 
1.6 

2.4 
2.8 

0.9 
0.8 

1.0 
0.9 

It will be  observed that   the  uifferent d.p.vs do not; c .use rn-jor 
Iterations in the  figures obt  inc.l  for effectiveness. 
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Table    Ej 

Distribution of Hits for Dlffcront Dircctlou:-.! RroMbillfc^ VarlatjjnE 

/.bpect. 

0° 
15° 
30° 
45° 
60° 
75° 
90° 

105° 
120° 
135° 
150° 
1650 
180° 

(a)    Y/hitt,-.lccr's d.p.^. (b)    Moi-rul   l.p 

0° 
15° 
30° 
4.5° 

75° 
90° 

105° 
120O 
135° 
150° 
1650 
180° 

d.p. v. 

(x2) .0^68 
.1136 
.1030 
.0580 
.0385 
.0310 
.0280 
.0235 
.0190 
.0140 
. 009? 
. 0050 

(x2)   .0000 

.4999 

Frmit 

,0568 
.0485 
.0265 
.0097 
,0040 
.0016 

Sides 

.1471 
29® 

.0651 

.0765 

.0483 

.0345 

.0294 

.0280 

.0223 

. 0170 

.0117 

.0070 

.0029 

.3427 

Rear 

.0012 

.0020 

.0023 

.0025 

.0021 

.0000 

Front 

.0595 
,0485 
.0257 
.0131 
.0060 
.0020 

.0100 
2; 

.1348 

51/' 

Si-los 

.0650 

.0743 

.0654 

.0525 

.0370 

.0240 

.0128 

.0067 

.0025 
. 0n15 
,0006 

.3423 
68-1. ■ 

Hcf.r 

.0007 
0008 
.0005 
0005 
.0004 
0000 

.0030 

d. p. v. 

.0595 (x2) 

.1135 

.1000 

.0785 

.0585 

.0390 

.0240 

.0135 

.0075 

.0030 

.0020 

.0010 

.0000 (x2) 

.5000 

(c)   2:1 Elliptical d.p.v. 

d.p. 

(x2) 

(x2) 

,0990 
.1580 
.1000 
.0590 
.0345 
.0210 
.0110 
.0060 
.0040 
.0030 
.0025 
.0010 
.0005 

Front 

.0990 

.0675 

.0257 
,0100 
.0035 
.0011 

.4995 

Sides 

.0905 

.0743 

.0490 

.0310 

.0200 

.0110 

.0057 

.OO36 

.002r) 
,00185 
.00057 

. 2068 
41 i' 

Recr 

.2900 
n8 

.0003 

.00«,. 
0005 

.00065 

.00043 

.0005 

(d)  20:9 Elliptical d.p.v.   (TOLL) 

Front 

.0970 

. O636 

.02,:6 

.0087 

.0034 

. 0011 

,0028 
1- 

. 1964 
39' 

Sides 

.0854 

.0654 

.0433 

.0296 

.0209 

.0150 

.0114 

.0081 

.00625 

. 0048 

.00345 

. 2936 
58 

.0006 

.0009 
,00125 
.0017 
.00255 
.003 

d.p.v. 

.01 
2/ 

.0970 (x2) 

.1490 

.0880 

.0520 

.0330 

.0220 

.0150 

.0120 

.0090 

.0075 

.0065 

. 0060 

.0030 (x2) 

.WOO 

(Front:    Si'cr ratio = 1: 



UNCLASSIFIED 
APPX E 

f-IU 11 

Oi^.^'HAiVi     OF     PWOBABIUlltb     Ol-    Al rACK      Ai      lb"   iKjIEKVALA 

si 
9>Ä 

» if 
b a 

iff 
* 
i 

g3 s 
I 
I 
I 
I 

15 
,3 w s 

fttrti 
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Appendix, F 

Amour Plate rerforatlon Ferforrnance of Guns 

1, In order to obtain comparative perl'onnance figures for the guns 
considered m this paper,  it is ascirned that all armour is of the same 
standard as British homogeneous plate and  that all Russian AP.shot has an 
equivalent performance to the British 17 pdr APCBC.H      It is-also assumed 
that no perforations  occur at angles of strike greater than 75° from the 
normal  to the plato, 

2, For the  calculation of the different  thicknesses of armour plate 
perforated by the various gups a^id nljot at all angles   of attack at various 
ranges  the modified Dc Marre formula is uncd,  1,0,:- 

v/v^coa 6 T |   1.43 
L a 

where w = weight.of striking shot 

v = velocity of strike 

T = thickness perforated 

6 = angle of strike from the 
normal  to the plate,      ; 

d = diameter of perforation, 

C = factor depending on 6 

3, If % and TQ are  the  thicknosaos of plato perforated at normal 
and at 6,  and CN and Cg are  the corresponding values of C,  then for a 
given range, 

= 0-7   . co. 1^e 

i,e. T9 = C,    CO .. 1^e 

where c = ON'
1
   0,7 and varies with 6, 

cel 
Thus for a given (or constant) range when the variation of  'c'  with 

6 is resolved the form of  the ratio Tg    is  also determined.     It  is necessary 

fü 
to resolve the  continuous  change of  'c' from 0    to 75    since oaly a few 
particular values  of C have  been established for different guns  and shot, 

4. In  order to determine  the form of   • o1   for all values of 6 up to 75 > 
sets of values of TQ were calculated from the de Marre  formula for separate 
ranges  (i.e. separate values of 'v') using the known values of log^0 C 
supplied by S.A.B.  for different angles of attack  (O),       Hence values of 'c' 
were derived by dividing TQ by TM COS l«^ 9;     then  the mean value of  'c' 
was  obtained for each angle  6,  distinguishing  between  the  different  types 
of shot i,e. AFCDC and AIDS, 

ä    The data on Russian guns  has, wherever possible,  boon obtained from the 
best available  intelligence reports;     but where no information was 
available the British equivalents  have  been used.       The discrepancies 
between the Russian and Ordnance Board figures for perforation are 
probably due  to  the  use of different criteria or formulae. 

tjH^TOb*- 

JHU Abbu-ii-.' 
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5. Th<   ,.ic n vductiof 'c'  v/crc then plotted a ainst 0 find the best 
smooth curve drr-.n fchrouh the paints t-j   ■ivo  the   form pf  'c' v/ith 6 . 
(See Fi :s P1  anO P2 of this    ppendix).      In  the case  of  the 20 pdr  ."DS 
Hk.  I, the   fonn of 'c'  was i.nde si;-,iil.-.r to th t  for the  1? pdr .'."DS, but 
confomln • to the only knovm v.oLues of CN -"-»d C55 for the 20 pdr   .PDS 
Hk.  I.       (See Pi-,  P2). 

6. Usin,: the values of 'c'   obtainod in Pi-s.  P1  and P2 and uultiplyin ; 
by cos ■'•^g smooth -raphs of Tg   v/ore oonatruefeed for bnth   TCBC and :~m 

TM 

shot,      (Set; Pi s.  P5 and p6).      Thoae    raphs '..'ere  tlicn utilised to praluco 
th    P;.'|ui3-ed cui-v s of  thickness perforated at all  an ;lc3 of attack for 
ran.i;; of 600 yds., 1000 yds, aiü 1500 yds.,  from the Ordnance iioard fi,,;uivs 
of noru.d perforation.       (See Fk's, P7, l'O, P9 and P10). 

7. In a cijnilar manner usinj the 17 r^1" -■-■'CBC values of 'e', re quired 
thickness/an ;le relationships-were obtained for the Russian 85 n/r.\ .\PBC 
and  tlie  122 n/m .JTJDC.       (Sue Fi-a. P11  and P12)i 

8. ,.s   1 i.iattcr of  interest  a :;raph was constructed for  'C  a;;ainst 
'6', fr.fn the values of  'c'   .^iven in Pi;;.  1  and usin ; knovn values of 
'Cfj'i    and .a coaparison aade v/ith the  .'-raph of 'C   ,;ivi;n ^.n P.V.D.D. 
Report No.  119/.,.       (See ?i,.;s.   P3 and F4).      It will  be  note1  that the 
variations Lotv;.,cn the tv/o graphs arc sr.iallj  the  larger differences lyin ; 
botv;eon 45° and 50°, 
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FIG. F 3. 

FüR 777. & I7PDRAPCBC. 
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FIG.F5. 
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FIG. F 7. 
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FIG.F8 
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FIG.F?. 

- s* 
»6 

140 

2C» 

-•* ^,. 

s 
koQtft. 

s 
s 

  —   *   —    

koott»^ \ 

Iftft 

\ 

\\ 
  

m        ,40 

120 

100 

60 

j., ,—. . 

-   --      --   

J 

  

s 

60 

40 

-JA 

-   \ 

<5 JC 30" 40' 

(9 

50' 60' TO" 

»»'■ *' v.-' L./'1« w ^; J"'I ^ ^ 



'•n >:. hiK i 

liS3 
"^ 

ßQQ^ 
2»0f 

li'o 

00 

\ 

I 

\\ 

\ , 

\ 

\ 

I   \   v 

UNCLASSIFIED 

\ 

^v 

60' 70- SO' 



RUSSIAN 85% APBC. 
(DERIVED  PROM    HptA. APC&c) 

N&-   Ordnonc«   board   Pigur»»   lor  Cu uMd. 
(RutVOn fiyjr*% indic«U4   in tKoir.") 

APPX.F. 
FiG.FII. 

7m    «) 

UNCLASSIFIED 



km (- 
FIG \ \'c 

stÄtr 

ÜNCIASSIRED 

^iiAy Ml APCBC 
(KÄiVEö   FROM   17PC«. APC&C") 

MB. Ordnance  Board   Pigurt»  for- Cw uitd 
(SZuUian Pigurti Indicated   in cKaia) 

! 
JNCLASSIFIEO 



UNCLASSIFIED 

...ni-ctv.'.ix     '- 

Accuivicy of Guns In Tanks 

1, The innccur-'icicra v.hich lead to a'ahot fired fron a :;un not p:\ssin- 
throu-h the point at v/hich the    uu la   '.iix'd by racnns of the  si;rht incorpor- 
ated in the ;.;un j.i.iuntin    arc r.s follows:- 

i«      RouB.i to round dis;erüion of th';    un. 

ii.      Occasion to ocdnion v ri'.ti.in in junp, 

iii.      Error in jorcui, liti i ■ thc'.un during zcroin;', of  the 
si :ht and  (jun, 

iv..     Lo.yin. • cr. or bet\vt en r.i..iin ' point  of si.'.ht  -^.nd  tar ,ct, 

v.      Mechanical errors bct'.v en   ;un, uountin" '.nd si ht, 

vi.      Error .lue   to the  size  of the  interval  of ndjustnent  of 
si ht .raticule. 

The ircan jump of the o'un'is eli.iiiiatcd by zerrdn^ the si:;ht and   :un and 
any personal error of the   iinnor is olii.iin\tcd at the  sano   bimc, provided 
that the  s-T.ie nan lays  the ,r;un for zci-oinf .Mid  for effective  firet      Reports 
indicate  that  even when different men zero and lay the  ,j,un folv effective ;fire 
the difference in porrsonal ervoea i;; ncßli^iblc. 

2, If the  standard deviation:! of the above errors arc denoted as follows:- 

i.      C7.    = rounl   to round dispersion 

ii. -J = occasion to occasion variation in jurjp 

iii. "jj = borqsif.htinß error 

iv. '->-^ ~ layinp, error 

v, *--.. = mechanical errors and  si, ht ..lovei.ient 

vi. a = actual T and .. clicker adjustnent interval 

then the nannor in which these errors are  introduced during the "shotting in" 
or "zcroin ;"  of the   un and  the effective fi'rst  round rrc as detailed in 
subsequent  parapraphs.       It  is   .ssa.ied  that   the './arrrßr/clcancr rounds have 
been fired previously and tint 5 r.'unda arc  used  for zeroin > 

3. Then the error  introduced dui-inp the  initial bore sight in;; is duo 
to the accuracy of the borcsi,'htin ■ cquipi.xcnt  (''b)» 

4. '.Vhon firing   a     zeroin; round,    the  errors  introduced are due t o the 
dispersion of the pun (^%),  the 1 ycr ('^i),   .nd the mechanical ■errors (^a) 

i.e.   the error is  ytp,:-2 V'T 2 +07i 2  »     ■■'ut  ^ 5 rounds arc used to determine 
the moan point  of impact  (1:1,7. i»), then the error is reduced by a factor of 

1/5    and  the error becones    /j • 2   •.'•" 2   C~ 2 .       This error is  therefore 
/     f"      +     1      +      M ' ■ 

included with the boresi-htinp error to •ivc . total error of 

/ ■^      +0,2^.      + 0,2 1      +  0.2 ,a 

UNCLASSIFIED 
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5. Thu ai^ht  it; thon finally laid onto the  tar ct  hull thus lnti:o- 
ducinj a f'urth.r i.tying error (.    \), hence t.  total error ;.l this ataje 

0f/0--   2 + 0.2 0-   2 + 1,2 (V'2 + 0.2.T2 . 
V       b g 1 m 

6. Tho cdjustecnt. of  thu ^i lit ßi'aticulo onto  the u.p. i,  of tlio 
zci'oiu;, rounJs oa,n be cujrriuJ out onl;; with ihu,   .ueur.-oy poi'iiittod by 
the; fineness of the .aJjuaLiu _ iiuorval,  ihu error  of    hlch is ueasured 
by   ^    (m,e Koto 51 attae.heil to tliiü Aupendix)«      This .r.djustucnt rJso 

introiluccs nnother layin,, error (^i).      Tiaiu  thu  tot.L.l eiu-or in now 
•'.r-!   2      ,, T7-,    2      ~ r ,..-  2        2     _,,.,.   2      v/hieh rcpreacnts tlie 
•{'■ + 0.2 (•>        + 2.2 U,      +   n    + 0,2 <' 
\(    b i; 1 J2 '•, 

"Zeroing Error", and ii. ia i. r.n. ...d ttu.t k:i.2-üiii L; .T.lv.'.".yii carried out 
prior to battle rail t;lr ,ui, uil ru brittle ./i h . lot .1 orror .iven by 
the Eoroin   Error. 

7. Thi     .dditioii'.l en-oi-;;,  i. .cw^iin    j'.ii'e - ui.i. i .tlon,   that arc 
introduced with the firut effee^ive round   we Jui   to  the prob .blc 
di.vi   tion of  thu r.i.p, i,   frou it.;   i.u: n   lOüitiou  i.e.  occ.\aion  io occ.cion 
variation in ju.ip ( ^i),   toguuher-..'ith  th..   ■i;i;x_:r.r;ion of the   ;un ( ^ .-•) 
and  the layin;; error for that   ■Mimd (^'"i).       ^ further error vhuh en 'ic 
coeji/'cred a rcjiidU'.l error du     tu i:li  lit i.ieeh nie .1 imper'fections 
causin , ai.i.'.ll relative i.iove.... in.,-, b; .    en si   ht, üoiintin      nl    un {O^J 
h-is ..lso to be accounted  i or   ..   ihid point,    'i/in    r. Round Error of 

-Ar 2 .er 2 ^o:   2   .r~ . ■J 
8, TiiUf.  the   tot  1 error oi   the fiir.l; cf eetivo  round due  to the 
Zeroin ■ Error,  the liouir!   'ri'or   nd th. R .n e Error is  
/3.2C- 2 + U2Cr- 2+lT2    + (::- 2 +  ^^  2  +    ^ +(T;  2        (3coPi,Gl). 

V 1 Li b j u 12 

9. The  v\lues    l/eti in T tMe 01   of  thia ,,.,) K-udix for Liu. various errors 
h .ve been obtained from the publisb d d.i... on    ritioh juno and   their  trials; 
where fi ures ..re obt .in bie   .or u'nc lavsiiian equipments froi.i Intelli \.iu;e 
sources  theae h .ve been used,  other.vise   the  equiv-'.lent British i'i^urew have 
been inserted, 

a, 0". and <S~J   re Denull.r to tdu.. pa tieutvi- k;una« 

b, Oij has been obt .xned for tlie lati. st bor .ai;ditin:j instrui.icnt, 
and the  s.'.i.io figures used for the Russian fiuns, 

c, l^l depends upon the n.^nifie tion of the  si. h.titi,   telescope, 
llo variation has been inn lo to acc:punt  i'o.- stress and strain 
of battle which mi .ht   liter this  fi  nre. 

d, Cn   was determined as a residual error frou an overall  fi.ure for 
an oquipv.ient  aft ;r all the  other incident d orroi'S had been 
accounted for;  the:,  s JV.   /aluc  has boon ma.intaincd for r'.ll equip- 
iionts both   «ritish and fiuasian.       Note:-      rhis error    affects 
only the elevation anl   'oes not ap-ie vr in the  line or traverse 
orror. 

^CU^SIBSC» 

^aasS»*1 



J8I9BB¥ Appx   G. 

o,       'a'   in  the decree or interval of adjustment provided by the 
T an:! A knobs of the rcspoctivr. ai.'.jitin^, telescopes or peri- 
scopes for moving; the si ht    r-.ticule, 

10,        Table G1  of this Appendix lists the individual errors for all 
equipments and gives the  overall probable Error:     in addition the range 
errors obtained in /.poondix D have been listed for inclusion with the 
elevation error to obtain tot-.l stand .rd  deviations for the varioua 
equipments at  the  three desired ran    s.       (Hange error not affecting the 
line or traverse error). 

Mote;-   G1:-    Si hb Cratlcule . .d justLient-  Inborval. 

.. step   'djustixiit  v.iiih  an intorvl  of na, nitude   'a'  provides a 
unifon.i or rectangular distribution over th\t   interval.      Thus if  'y'   is 
distributed in   . rectan ,ulv.r  listribution bct-.vcen -   ü   and    + ü» 

2 2 
Then Variance    (y)     =    E    (y2) 

a 
,2 

Vdy. 

3a 

12 

If we nov consider an nomal distribution of  'x'  v/ith variance 
and mean 'n'J     then the  combined distribution of  x and y,  say    z    is given 
by . •        • 

Variance    (z)    =    Variance    (x)    +    Variance    (y) 

— 2 a2 
12 

and Moan    (z)    =    Mean (x)    +    Mean    (y) 

=    m. 

Thus the square of the error introduced by the T and .. adjustment  interval 
is of   . value a_   which can be suxicd v.lth the square  of the  standard 

12 
deviations of other errors -.vhich are distributed normally.      The resulting 
co..:binuu distribution is  of course not qui-e  nor.»al:     the dr.ora-ture from 
normality depending upon the rcl .tive vv.iucs of  'a'  and  ' (7" '« 
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Brrorj aflVjctinr; ^c^uraü.v 

Para. 

3. foresight Error.(^b).  ) 

if.      1    Zeroing Rds(':g). i'.fcch.Errora.(^).    Laying Error.(ai.) 
75 , J (Elevation only) . 

5. 

6,   Adjustinotit Error (a).    Laying Error (lyi; 

)Zeroing 
Error 

Zoroiug Error (    z) 

7,    Variation in Jump (^ i) 

7. 

8. 

11. 

M diapcrsiou (^g) • i>ieoh Errors {J^} Laying RrrorC^) 
(elevation only) 

Round 
Error, 

Overall Gun Error 

(n)      (i) Range Error (l^) 
(elevation only) 

Total Eri'or.     ( L'   ) 

1.2 j-2 +,r2   + 3.2r-2 

G 1       b 
+    a1- + 1.2 C 

12 ln 
2    +^   2 

'^CLASSIFJED 
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Table Gj(a) 

Centurion 20 pdr;-   Errorr, in rains, at Gun:- 

m.v,  = ^500 f.a,        APDS Mk.I 

rn.d. Cjun 
m.d. 
'».d. 

jump 
lay 

^b 
a 

1.2/.; 

c 

..  2 
g 

o2 

3.2. ■ ... 2 
1 
■ 2 

b 

% 

1.20. 

Sun of Squares 

905? zone 

1. 

x b Tolepcopo. Bute  of fxro 1 2/rds/min, 

Blovutxon Traverse 

^ .7' .9' 
.3' 0 
.13' .13' 

.075 1.125 

.375' 0 

.162 .162 

.27 .27 
1 1       (1' adjust 

.920 1.525 

.I/hi 0 

.0o3 .003 

.073 .073 

.0b3 .003 

.'i-39 - 

1.739 1.764 

i        \ 

1.52' 1.326' 

4.35' 4.4' 

600x 

Rnn^o' Errors ;-    (on Vort  target) 

Visual Error    (250rJ 
Rf Error. (1 5r2) 

Hiifdo of ntiilco 
ton •an,rin 

Error in ft on Target raid  m mina at ^un:- 

1000' 1500' 

150x 

5.4X 
250x 

15x 
375x 

33.75x 

0' 11' 17' 

.00175 .00321 .00^95 

V. 

Rf. 
.b    ft (1,54')    2.4 fo (2.77')    5.6 ft (4.3') 

.03 ft (.050')      .15ft (.173')      .5 ft (.304') 

UNCLASSIFIED 
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Tablci Gl(b) 

Comet 77 ^/.al ~    Erro '- i» ^nz at Gun, 

m.v.  = 2575     APCBG   '        Cc 

= ^/^00      AH)S 0o 

3. 

1. 

x 3 TU1ü3CO|,ü.        R.-itu of faro 12 rds per :.un. 

Elevation Trav^rao Elüvi'-tion 
AIDS 

Travorso 

rn.d. gun 
m.d. jump 
:.i.d.   lay 

.6' 

.6' 

.25» 

.6' 

.7' 

.25' 

1.2' 
1.3' 
.25' 

1.1' 
1.0' 
.25' 

"g 

^*b 
a    (1' adjust) 

.75' 

.75 

.31 

.27 
1 

.75 

.b75 

.31 

.27 
1 

1.5 
1.625 

.31 

.27 
1 

1.375 
1.25 

.31 
,27 

1 

,...-/ .677 .675 2.7 2.275 

-/ 
.564 .766 2.65 1.570 

3...'/ .307 .307 .30? .307 

,■2 
'b .073 .073 .073 .073 

a2/l2 .Obi .003 .0b3 .0b3 

.439 - .439 - 

Sum of Squares . 2.143 1.904 6.252 4.30b 

ij~ 1.4Ö31 1..'8 2.5' 2,00 

90^ zone 4.03' 4.55' Ö.26« 6.65' 

Ran,r:o Errors ;-     (on Vert target) 

APCBG:- 
600x 1000' 

Angle of atrikc 
tan angle 

V. 

Hf, 

APDS:- 
iji^.e of üti-ikc 

tan  anr'le 

V. 

Rf. 

1500^ 

10'                     31' 49' 
,00524               .00902 .01425 

2.4   ft (4.61')  6.8 ft (7.85') 16 ft (12.3') 

.09 ft (.173')    .4 ft (.461') 1.5 ft (1.15') 

9'                    17' 28' 

,00262               .00495 .00814 

1.1b ft    (2.27') 3,71 ft (4.2b') 9.17 ft (7.05') 

.0^25 ft  (.0817') .223 ft (.257') .825 ft  (.634') 

^SffSOtr 

-■■■ t w-w.*''. ^ , :D' 
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Tcxblc G1(C) 

J.S.3. 122 'V;-.;-      Er. or.-, in min,'; at Gun 

■n.v.  = 2562 f.a.        APCBC C0    =    4. 

■' >r 4 tiinjtud. to.loeco[)us    Rnto of f'lrc 3 rda pur .nin. 

Aaaaiio sc-mo accuracy an -)7 pdr /iPCBC and srcnc ir.ocli.errors, 

,   ■ Elevation Trayorao 

m.d, gun 
nud. ju'iip 
m.d.  Jay 

'I        ■ 

^.2<yE,_ 

.2 
J 

2 

.7' .9'     (at; for 17 pdr) 
.o'     I  "    "            " ) 
.2'     (for x 4 tel) 

.b75 

.75 

.25 

.27 
3.375 

1.125 
1.0 

.25 

.27    ("a for UK & US) 
3.375  (1  -T.XI adjuat) 

.920 1.525 

.563 1.0 

.200 .200 

.073 .073 

.946 .946 

.439 -     (' s for UK & US) 

3.141 3.744 

1.77' 1.937' 

5.B5' M' 

3.20 j. 

,.. .2 
lb' 

-^2 

Sui'i of Squares 

O" 

90/S zone 

Later:- Ran;iu tables give 0~    1.0' and 1.0' i.e. same as mean of above, 

. '.. VTU^'   1.b5' 

Ran;.o Errors ;-    obtained fron vranh deduced Iron 77 :l/n /PCBC  (sairro :n.v.) 
later oonflrncd fro1: Russian R"-n; e Tal)les. 

000x 1000" 1500y 

V. 2.3     ft   (ZM421) 6.3  ft  (7.27') 14.3 ft   (II.0') 

Rf. .09 ft (.173') .4 ft (.461') 1.4 ft (1.075') 
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Table   Gl(d) 

T.3'i- G5 m/ra:-     Errors  in nins at Gun. 

n.v:   = 2600 f. s. ..P. =    I.66.1 :MC 3.0 

x 2.5 hinged telescope.   ,R;-Ltc of fire 7-ß rds.   per min. 

'For ;j;- 

n, d.   gun 
n. d,   jurip 
ra.d.  lay 

ii 

1.20", G 

^ £ ^1 
r-    O 

a2/l 2 

1.2U-2 

Sun of Squaro 

■c cT 

9Cf,i zone 

For APBC:-. 

Elevation Traverse 

1.0' 
.6- 
.25' 

1.0' 
,0'    (as for 17 pdr) 
.25'  (for x 2.5 tel) 

1.25 
.75 
.32 
.27 

3.375 

1.25 
1.0 

•32    / .27    (as for UK & US) 
3.375 (1 mil adjust) 

1.075 1.075 

.563 1.0 

.323 .328 

.073 .073 

.946 .946 

.439 -      (as for UK & US 

4,224 4.222 

2.056' 2_.055;_ 

6.8' 6.3' 

take ^"g    =    1.0'  and 1.0'  (as for 122 m/m) 

1,802' 1.882' 

90^' zero 6.2' 6.2' 

Range Errors;-      taken the  srno as 77 m/m .'JCDC (same C0 and m.v.) 

600x ' 1000x 1300x 

V. . 2.4ft,   (4.61') 6.8ft.   (7.Ö51)    16ft.   (12.3') 

Rf. .09ft. (.173') .4 ft. (.461')    15 ft. (1.15') 

O'HCLA^H^ 
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Appendix    H 

Plato Diiacnsions anO Vulnerable Areas 
of British .^.nd Ruscinn Tanks. 

1. The ovorr.ll and individaol armour plato diiaensions of the  turrets 
and hulls of the Centurion Mk,  3, Comet, J.S.3 and T3V'05 r-re (-;iven in 
Pi^s. H1  to H4 of this Appendix, 

2. The  resulting plate areas presented by each t.ink at intervals of 
15° around the tank arc listed in Tables H1   to Wk, cogother with the 
angle  of attack of each pinto at  each aspect.      Indicated in the tables are 
also  those plates -.vhich are vulnerable to attack by the guns and shot 
specified at the  head of each table at   the rangjs of 600 yds,, 1000 yds. 
and 1500 yds,, those results beinr, obtained from the perforation graphs 
in   .ppendix F, 

3. In Pi;v, 115 a   xaohic .1 representation is given of the  variation 
in the vulnerable areas presented by Co^iet to 05 ny'ra APBC attack at   the 
two ranges of 600 yds.     and 1500 yds.      Vthcrcas in Fir;.  H6 the   changes 
in the  vulnerable areas presented by J.S.3.   to both 17 pdr .JPCX and 
20 pdr i.PDS I.Ik.  1  attack at 1000 yds.  arc illustrated. 
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APP.H 

Wfl CTjfllg Ptflfgg ff Uf.lTi'H.m; I^.J; 

15° 

30° 

k50 

150* 

1(5° 

180° 

H in 
{; ssS 
1.29 
80° 

0.6J 

10.3 
60° 

If. in, 
«I 55° 

^4 «s« 
i* ssS 

11.9 
55° 

11.5 
5(» 

(jo 

5-25 
73° 

fid' 

e.B5 
1,5° 

7.66 
5?° 

(.25 
60° 

k.« 
69° 

13.5 
75» 

26,1 
61" 

Jt.9 

alii' 

set 

'.2 

V V  V 
V V   V 
'.'  V V 

!(.! 
61° 

1).5 

V 7 '/ 
V V V 

V V V 
V V V 

SI- 
V V  V 
V V V 
V V V 

' f.    IM 
!5    üi'li 

7.2B 
75° 

l'..l 
(.1° 

32° 

PC" 

V V  V 
V V V 
V V J^ 

V V  V 
V V ¥ 
V V v^ 

V V V 
V V V 

. J 

"q   HI.H 

2.72 
7''" 

5.25 

7.'.1 
',5" 

|8 
MH 

B.39 

'1.3 

'J.'.S 

II.115 
12« 

152 -n 
(2475.1.11.) 

5.. «NX 

V V " 
V V i 

.) 

en 

vu 

II 

8 

2o!75 
20.75 
20.7: 

20.A 
20.01, 
20.0t 

/.7.e< 
1.7.B( 
47.86 
60.35 
56.80 
56.80 

6%50 
69.» 
&SS 
77.50 
77.50 
77.» 
BO. 30 
B0.3C 
ao.3o 

77.50 
77.50 
mis 
80.66 
60.66 
HO. 68 

71.49 
74.49 
74.49 

TOT«. 

USA 

1 

B 9   1 
31.75 1 
31.75 
19.69 

31.0k 
31.» 
19.5k 
56.8« 
S6.6( 
56.86 

56.80 
56.80 
56.80 

67.60 
(7.80 
(7.60 

f 

69.50     80.50 
69.50      80.50 
69.50     60.50 
77.50     86.50 
77.50      86.50 
I/-!«     «».» 
60.30    91.30 
BO.JO     91.30 
»0.30     91.30 

77.50    66.50    1 
77.50     86.50 
77.»    W.» 
60.68     91.(6 
60.(8     91.(8 
60.(8     91.(8 

74.49 
74.49 
74.49 

65.49 
65.49 
85.49 

61.89 
61. B9 
61.00 

21.(9 
21.69 
21.(9 

72.69 
72.69 
72.89 

24.16 
24.1( 
24.16 

24.16 
24.1( 
24.16 

55.1( 
35.1( 
35. K 

25.0 
?5.0 
25.0 

25.0 
25.0 
25.0 

36.0 
36.0 
36.0       1 

PLATS B 

•t 70° 

it 

pure c 
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Appx    J. 

..ppcndix    J 

piA r'j.m of Vulnerability r.nJ Pro'.'.bility 
of Duf at  of T:vakü et   1000 yds. 

1. In this .,/opondix i.ho VTIIXü of Pv aiii Sy» as calcul .tud by the 
Liothod described    in   .nendix '';'  for c.ch .xspoct of thu   /-.rious tr.nks, 
:-rc listed   .nd the 1000 yds range rcuults plotted   LS pol'.r diagraus« 

2. The; qur.n'.ity Pv« for ./.ch .\spcct ia ttn.icd the Vulneraliility of 
the trink to ^ ,iv>.ii .•■.t;, .ck, -n;1 is the civ .not of the attack hitting a 
vulner.-.ble arcn of th .t,'.nlc   ■.* cr.oh P.sipcut« 

3« T/hcn  the  gu?.ntity Pv iis i.mltlpliccl by the  v^.luc of the particular 
d,p.v.   for th-.t r.spcct-thc,  (|U'ntity'Sv iB.ot^t- incd, v.hich is tcrnod the 
Probability of  the  t.Mik bvcinv>'dofc .tcß by '\'   iv(.,n .■.tt.,\ulc.      In  \11 c.ses 
Sy is cr.lculatcd for both ■.,;hitt\kcrrs. rl.n.v.    .nd  the "■nilipticxL" d.p.v.; 
Sly indio-.tin.i'the use'of'.'hitfc Jeer's'd.p.v.    .nd Si^ the use of the 
"^llioticrl"  d.n.v.        '  . ' ' 

4.- Ta-bloa J1   to J8 "of  t.his  'picn'-llx    i c the values of Pv, S^v'^nd S]^ 
■■it. the   three  ran i.,", CiQO y'.:., 1000 y.l's   .nd 1500 yds   ■.nd for the uv.o ain.lnt; 
point:'  centre  oi" hull   .tri  oeatrc o.   vulncr. .ble    .rca,  for the Centurion ilk,  3 
under ntt'ick by the J.S.3,  the Caxt undor att.-.ck by the T 34/05 r.nJ vice 
vcrs^., 

5.        Pi ore J1   of this   . > .endix sho-./s tin, envelopes of thctr.vo   cl.p.vs 
Whitt.dcur'a   '.nd "Elliptic-.l" for vuctori.-.l v.luus at  15° intervals (vide 
.ppendlx E Pi;^ E2), .    Figures J2 to Jl6 arc the polar and vectori.il di ij.ra.Tis 
of  th    values of Pv, S-|v:'.nd S/^y for 1000 yds rr.noo ;.t  intervals of 15°, 

6. It  is  interestin    to note  Lh ■.t    here  the t >n'.: is   lore  or loss 
uniformly vulnorab'c  to the   .tt..ck at    11 aspoots, th^n the  fonn of the 
prob'r.bility of dei'e .t is pri.nrily coiitroLled by the fon.i of the d.p.v, 
Uhcrcs  tni choa&, oases where some   ispcefcs  of the  t nit ..re invulnerable or nuch 
l',,';S    ulni.r ble  to  the ■.to .ck, th n the    oi'ir of  ohi.  vulnerability orcdoainates 
in  '.h.   fin .1  shape of the probability of defe .t. 
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Appx    J, aNCl&£I^D 

Table    J1 

Centurion Hk.   3 attacked by 122 v.n APCBC (J.3.3) 

(1)    (...ir.iinfp Point Centre of Hull) 

Pv Slv 
s4v         '     } 

V. Range 
^s,^ 600X 100CX 1500x 600x 1000x 1500X 600x ^ooox 1500x   1 Lspcct\^ 

|     0° .947 .709 .237 .108 .000 .026 .184 .138 .046   1 
15° .386 .377 .176, .044- .043 .020 .058 .056 .026 
30° .955 .708 .545 .098 .081 .056 .004 .069 .0/(8 
45° .954 .786 .547 .055 .045 .032 .050 .041 .028     j 
60° .954 .783 .551 .036 .030 .021 .031 .026 .018     | 
75° .954 .780 .548 .029 .024 .017 .021 .017 .012 
90° .954 .779 .546 .027 .022 .015 .014 .011 .008     j 

105° .954 .780 .547 .023 .018 .013 .011 .009 .007 
120° .954 .782 .551 .018 .015 .010 .009 .007 .005     i 
135° • 954 .786 .555 .013 .011 .000 .007 .006 .004   ! 
150° .955 .790 .560 .009 .007 .005 .006 .005 .004    1 

I 165° .637 .497 .355 .003 .002 .002 .004 .003 .002 
180° .953 .751 .469 .002 + + .006 .004 .002 

(2)       (;..ii.iing point Vulnerable  /j-ca) 

Pv Slv s4v 

""-v^ango 

;.spoct\. 600x 1000X 1500X 600x 1000x 1500x 600x 1000x 1500*   1 

0° .947 .709 .212 .108 .080 .024 .184 .138 .0/1-2     j 
15° .943 ,681   . .191 .107 .077 .022 .140 .101 .028 
30° .955 .793 .557 .098 .082 .057 .084 .070 .049 
4^ .955 .792 .562 .056 .046 .033 .050 .041 .029 
60° .955 .793 .565 .037 .030 .022 .032 ,026 .019 

I     75° .954 .788 .558 .029 .024 .017 .021 .017 .012 
I     90° .954 .779 .546 .027 .022 .015 .014 .012 .008 
|   105° .954 .789 .559 .023 .019 .013 .011 .009 .007 

120° .954 .784 .553 .018 .015 .010 .009 .007 .005 
I   135° .954 .786 .555 .013 .011 .008 .007 .006 .004     | 

150° .954 .790 .560 .009 .007 .005 .006 .005 .004     j 
165° .951 .729 .441 .004 .003 ,002 ,006 ,004 .003 
180° .953 .751 .469 .002 + + .006 .004 .002     i 

+      Thcao viluos are loss than    .0005. 

UNCLASSIRED 
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Table    J2 

Centurion Mk.  3 backed by örj inn. .'Jac (T3V85) 

(1)       ( .i..dn   Point Centre of   lull) 

(2)      (.tiding Point Vulnerable ..rua) 

-    denotes Z',rü   ' 
+    These v.luo;   u'c loss th.-.n    .0005« 

jippx   J, 

Pv S1v s4v 
^■^J^ariijc. 

600x 1000^ 1500x 600- IQOOX 1500x 600^ 1000x 1500x 

| Asnoctx. 

0° ^ ,. _ _ _ _ _ — „           1 

i    150 _ _ ^ — _ „ _ _ _        1 
I   30° - - - - - - - - i 

450 .937 .716 .Vh2 .054 .042 .026 .049 .037 .023 
!    fO0 .937 .7.10 .447 .036 .027 .017 .031 .024 .015 

75° .937 .716 ,W .029 .022 .014 .021 .016 .010 
90° •937 .716 .4V7 .026 .020 .012 .014 .011 .007 

105° .937 .716 M-7 .022 .017 .011 .011 .009 .005 
120° .937 .71f> ,W7 ,010 .014 ,008 .000 .006 .004 
135° .937 .716 ..Vf7 .013 .010 .006 .007 .005 .003 
150° .005 .QU .068 + + .001 + + + 
I650 .630 .437 ,254 .003 ,002 ,001 .004 .003 .002 
180° .936 .690 .374 .002 + , + .006 .004 .002 

V Siv 
s4v 

-■^Ran^.Q 
600x 1000x 1500x 6cox 1000>l 1500x |    600x 1000* 1500x   I 

...spectx 
1      00 ^ _ M _ „ _ „ _ _ 

15° - _ _ _ _ _ _ _ _ 
30° - - _ _ _ - _■ - _         I 
45° .937 .716 .447 .054 .042 .026 ,049 .037 .023 
60° <937 .716 .44-7 .036 .027 .017 ,031 .024 .015 

1      75n .937 .716 .447 .029 .022 .014 .021 .016 .010 
90° .937 .716 .447 .026 .020 .012 .014 .011 .007 

105° .937 .716 .447 ,022 .017 .011 .011 .009 .005 
120° .937 .716 .447 .018 .014 ,000 .008 .006 .004 
135° -937 .716 .447 .013 ,010 ,006 .007 .005 ,003 
150° .934 .666 .345 ■ .009 .006 ,003 .006 .004 ,002 
1650 ;936 »•6ii5 .367 .004 .003 .002 .006 .004 .002 
1800 .936 . 690 .374 .00? + + .006 .004 .002 

UNCLASSIrlED 
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Table    J3 

Comet   attacked by 122 mm ;.PCBG (J.S. j) 

(1).    (Aii.dng Point Centre of Hull) 

Pv S1v 
s4v                       j 

''\Ran (ü 

_;jot,c^vN 
600x 1000x 1500x 600x 1000x 1500x 600x 1000x 1500x       j 

0° „961 .769 .475 .100 .088 .054 .136 .150 .092       ! 

1!>u .6Cir .395 .391 .091 .060 .044 .120 .089 .Ö58         I 
30° „962 .005 .564 .099 .003 .058 .005 .071 .050         | 

«° .9f>2 .801,. .5^4 .osr. .«1-7 .033 .050 .042 .029         j 
60° ,961 .002 .556 .037 .031 .021 .032 .026 .018         j 
75° „961 .UOO .559 .030 .025 .017 .021 .018 .012 
90° .9« .WO . 559 .027 .022 .016 .014 .012 .008 

105° «96- . B01 .559 .023 .019 .013 .012 .010 .007         i 
I    1 ?00 

.961 .'502 .5.62 .018 .015 .011 .009 .007 .005         1 
|    133° .9f'2 .004 .5^4 .012,. .011 .000 .00? .006 .004 

150° . 962 , üG5 . 504 .009 .oo!3 .005   " .006 .005 .004         j 
16-)0 

.796 . 590 .300 .004 .003 .002 .005 .004 .002         I 
180° .961 .769 .475 .002 + + .006 .004 .002         \ 

(2)     (...iming Point Vulnerable ...ri a) 

Pv Slv s4v                    j 

\^angu 

Aüpc-oiN, 
GOO3* 1000x 1500x 600* 1000x i5nox 600x 1000x 1500x      1 

0° .9f>i .769 .475 .108 ,008 .0521.' .106 .150 -.092        ! 
15°    . .9^0 .752 .454 .109 .055 .052- .143 .112 ■.068 
30° .962 .805 .564 .099 .083 .058' .085 .071 .050        i 

,    45° .962 .0o!h .564 .056 .047 .033 .050 .042 .029        > 
60° .■962 .807 .567 .037 .031 .022 ,032 .027 .019 

75° .962 .806 .567 .030 .025 .017 .021 .018 .012 
90° .9f.1 .800 .558 .027 .022 .016 ,012, .012 .008 

105° .9^2 .806 '.5C7 .023 .019 .013 ,011 ,010 -.007         { 
120° .9fe .802 .562 .010 .015 .011 .009 .007 .005         i 
135° .9^2 .804 .564 .014 .011 .008 .007 .006 .004         \ 
150° .9^2 ,805 .564 . 009 .008 .005 .006 .005 • 004 
165° .959 .751 .453 .005 .004 .002 ,006 .005 .003 
100° .961 .769 .475 .002 + + .006 .004 .002 

+     Thuae values arc ICBQ than    .0005. 
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Table    J4 

Comet  attacked by 85 m /JPG (T3VQ5) 

(1)     (/.inins Point Centre of Hull) 

I              Pv !                3lv \v 
- Kango 

I /iCpoct" 600x 1000x 150Ox 600x 1000x 1500x 600x 100x 1500x 

j      0° -.950 .766 .374 .100 .006 .042 .104 .140 .072 
M?0 -.497 .433 .307 .056 .049 .035 .074 .O65 .046       | 

i   30° .950 .787 .170 .090 . 001 .010 .084 .O69 .016 
45° .950 .784 .531 .055 .046 .031 .049 .0/4.1 .028       | 
60° '.950 .783 .537 .036 .030 .021 .031 ,026 .010       j 
75° .950 .702 .538 .029 .024 .017 .021 .017 .012 
90p 

.950 .701 .537 .026 ,022 .01'5 .014 .012 .000 
105° .950 .782 .530 .022 .019 .013 .011 .009 .006       j 
120° '.950 .784 .540 .018 .015 .010 .009 .007 .005       | 
135° .950 .786 .543 .013 .011 .000 .007 .006 .004     1 
150° .950 .708 .206 .009 .007 .002     | .006 .005 .001 
165P .808 .593    | .387 ..004 .003 .002     j .005 .004 .002 
100°       | ■.*o .766 .478     I .002 + + .006 .004 .002 

(2)     (iiinüiiß Point Vulnerable ..Iroa) 

IV S1V I                   \v                     | 
■^nse 

600x 1000x !    1500x 600x 1000x 1500x 600x 1000x ^oo31   1 
/»spectv 

0° .950 .737 .374 .108 .004 .0/1-2 .104 .142 .072  i 
15° .502 .539 .354 .066 .061 .040 .087 .080 .053 
300 .950 .790 .351 .098 .001 .036 .084 .O69 :    .031   I 
45° .950 .790 .546 .055 .046 .032 .049 ..041 |    .028 
600 .950 .790 .548 .036 .030 .021 .031 .026 .018 
75°. .$50 .788 .547 .029 .024 .017 .021 .017 .012 
90° .950 .781 .537 .0?6 .022 .015 .014 .012 ,008   | 

105° .950 .788 .546 .023 .019 .013 .011 .009 .007   j 
1200 .950 .784 .540 .018 .015 .010 .009 .007 .005 
135° .950 .786 .543 .013 .011 .OT. .007 .006 .004 
150° ■.950 .78;;. .2*41 .009 .007 .004 .006 .005 .003 
I650 .9r'0 .749 .455 .005 .0.4 .O'V .006 .004 .003 
180° '.950 '.766 .478 '.006 + + .006 .004 .002 

+      These values are lens  than    .0005. 



UMCL^IFIED 
.ppz    J. 

Table    .15 

J.S.3.  iittacked by 20 pdr     .;FD3     flk.  1  (Centurion 3) 

(1)    (..•.ii.iing Point Centre of Hull) 

Fv s1v S4v 
.,R'.n;it 

Asnoct 
600x ionox 

1500x 600X 1000x 1500x toe? 1000x 1500x 

0° ' + I019 .053 + ,002 .006 + i004 .010 
15° ■ + ,010 .Q/1.6 + .002 .005 + ;ü02 .00? 
30° + ,011 ■ .039 + .001 .004 + .001 .003 
45° &/; .704 .546 .050 .041 .032 .052 ion .029 
60° .99C .91« .745 .030 .035 .029 .033 .030 .025 
75° .996 ,917 .7'iO .031 .0213 .023 .022 .■020 .016 
90° ' .y/' .916 .736 .020 .026 .021 .015 .014 .011 

105° ' .CM .917 .740 .024 .022 .Qlo .012 .011 ,009 
120°  ■ W .916 .745 .019 .017 .014 .009 .ooi; .007 
135°   • .9/' .704 . 550 .014 .010 ,Q0G .007 .005 .004 
150°  ' .007 .076 .157 + .001 .001 ■+ + .001 
165°   ' .049 .6bÜ .527 ,004 .003 .003 .005 .004 .003 
180° 

    - .   .... 

.997 .927 .725 .002 + + .006 . 006 .004 

(2)     (,.i. du    Point v/uluurMo ...n;,-.) 

Pv S1V S4v 

' --.R.n'-'.' 
\ 600x 1000x 15C0X 600x lOOO3' 1500x GOO* 1000x 1500x 

inspect    '-, 

0° .792 .436 .222 .090 .050 .026 ,154 .066 .044 
15° ,792 'JA.0 .222 .090 .050 .025 ,116 .066 .033 
30° .792 .4i.o . 222 .062 ,04) .023 ,070 .039 .020 

45° ;%i .7''5 .575 .056 ,01 & ,033 .052 .040 .030 
GO0' ."997 .916 .770 .036 .035 ,030 .033 .030 .025 

75° ■ .•9!/. .91^ .756 .031 .028 .023 ..022 .020 .017 
90°' :9-/> .916 .746 .026 .026 ,021 .015 .014 .011 

105°- ;r/' .917 .756 .024 .022 .Olli ,012 .011 .009 
120°' .7)7 .916 .110 .019 .017 .015 .009 .006 .007 

135° .996 .7^5 . 575 .014 ,011 .001) ,007 .006 .004 
150° .f)<)G ,h')6 . ^39 .009 .006 .006 ,006 ,00^ ,004 
1650 .996 .907 .704 .005 .004 .003 .006 .005 .004 
1UD0 

.997 .927 .726 .002 .002 + .On 6 ,006 .004 

Thi-rii,  V-ilui ■TO   h:: Aim    .0003. 

<+U£ibMW 

UNCIASSIFIED 



ONCIASSIPIED 

fable   J6. 

JiS.3.  attaokud by 77 m    .iJTGL'C        (Caict) 

(1)  , (Aiming Point Centre  of Hull) 

..ppx   J. 

Pv Slv I              S4v 
r^Ranco 1 

i      *■***' fio^ IOOC^. 1500x 600x j1000x jl^OC^ (00* 1000x 1500* 
Aspect \ 

0° . _ _ _ w.            ! 

15°        ' .- - _ - M 1 - — i 

30° M _ • 
H _ _ _ -             1 

45°       ' - - _ . - _ - - - 
60° .829 ■,636 .583 .032 .024 .015 .027 .021 .013 
75° .829 .636 .303 .025 .020 .012 .018 .014 .000         I 
90° .990 .856 .303   ■ .028 .024 .011 .015 .013 .006      I 

105° .829 .636 .383 .020 .015 .009 .010 .003 .005       I 
120° .829 , .636 1 .383 .016 .012 .007    j .007 .006 .003 
135° M 

_ M . .. _ _ _ - 
150° .009 .  -     j ~ + - I + ; - 
165°         j .834 .622 .356 .004 .003 .002 .005 .004 .002         j 
100° .990 .847 .498   | .002 .002 + .ocC .COS .002 

(2)    (Aiming Point Vulnerable; Iroa) 

I                       I                 Pv Slv 
s4v                     1 

l^-v^nae.. - 

| Aspect    "^v 
600^; j 1000* 150QX 600x 1000x 1500x 6C0X 1000x 1500x 

0° 
. 

15° _ _ _ - _ — w' _ _ -       1 
30° - _    ■ - • _ - - _ - -       | 
45° ■■ - -    ' - - - ' - _ _ 1 
60° .029- .636 .383 .032 .024 .015 .027 .021 .013   | 
75° .029 ' .636 .303 .025 .020 .012 .018 .0M .008 

I   90° .990 .856 .383 .028 .024 ,011 .019 .013 .006 
105° .329- .636 ■ .383" .020 .015     1 .009 .010 .008 .005 
120° .029 ' .636 ■ .383' .016 .012     ! .007 .007 .006 .003 
135° - - _' M, _ — _ mm                  I 
1500 .990 - _ .009 -                     1 m* ,006 _ 
165° .990 .845 .492 .005 .OOij .002 .006 .005 .003 
100° .990 .847 .498 .002 

I 
.002     j 

1 
+ ,006 ,006 .002 

- DenöteB eero 

+ Those values an. less than .0005. 

UNCLASSIFIED 



Appx   J. 
ÜNCLA^^I^^ 

T34/83 nttacküd by 20 y.ür ..PDS uh I.  (Cunhurio.i 3) 

(1)    («laiing Point; Gontru of Hull) 

Fv i   ■         ■   S4v %v 
•-^Ranrfo   . .. • 

■ 600x 1 ooo:' 1I3üO;- 6Oü
:C 1000X 1500?: 600x 10üOx I500::; 

JisrueE~--^ 

0° • 993 .903 ,690 ,112 '.102 .070 • .192 . 176 .134 
■I rp .929 .747 .SW' . 10i> .025 .062 .130 .111 .002 
'AP .993 .905 .726 .102 .093 .075 .087 ,080 .064 
h'f .993 .900 . 70Ö .05« .052 .041 .052 .047 .037 
CO0 

.995 . 900 • 72'+ .0^! .034 .02b .033 .030 .024 
71' .992 .-'99 .72; ;o30 .02ü .022 .022 .020 .010 
90D .992 • ■.■ 'i .7"2 ,02i3 .029 ,020 .013 .013 .011 

105° .992 ,:•;;/ . 722 " .023 .021 .01? .012 .011 .009 
1 2öD 

.993 . 9C0 ■.724 .019 .01/ .014 .009 .OOo .007 
1 yy' ■ .993 .902 . /2u ■ .ov, .013 .010 .007 .007 .009 
1 r-.oü 

' .993 .90(i .726 .009 .009 .007 .006 .006 .009 
161;Ü .930 rihi .547 .004 .004 .003 ,006 .004 .003. 
1uOü 

.953 . 903 ,690 .002 .002 + .006 ■ .000 

■    J 

.004 

(2)     (.dnin : Point Vulrwrr.biU 

.. ..... IV ■■••■:          K1V s4v 
■-.Haniv , -- 600:£ 1 ooo^ 1 900-: ü00X icKxr 1900x 600x 1000x 1 900x 

lspuc!r--s,„._ 

0° .993 .903 .ü90V .1.12 . .102, .020 .192 .176 .134 
15D .992 .d09 .113 .101 .070 .140 .132 .100 
30° .993 .009 .7*. .102 ,093 .07.,"> .oß? .000 .064 
45t; .993 .099 .723, ,050 .09° .021-2 .092 .047 .0^3 
60° .993 .907 .733: .03Ü ,039 .0213 .033 .030 .024 
7,:0 .993 . 906 .733., .030 .022 .022 .022 .020 .01S 

• 90°      • .992 .890 .722., .022 .029 .020 ■ .015 .013 .011 
wP .993 .906 .755 .024 .021 .017 .012 .011 .009 
120° .993 .907 .733 .019 .017 .014 • .009 ■ .008 .007 
1 yf.     . .993 .902 .720 .014 .013 .010 . .007 .007 .005 
1.50 .993 .905 .730. .009 .009 .007 . .006 .006 .005 
165°           t .992 .089 ,666 .005 .004 .003 .006 .009 .004 
1 ^0°           ! .993 .903 .090 1 .002, .102 + 

  

.006 . .OOo ,004 

+    Those v luua nru IU.TG  thaa .0005 

-SWOhB'f- 

UNCLASSIrl£D 



ÜNfertVSS^tC-L Appx   J, 

Table JG 

TjVß5 attacked by 77 m .    :JCi-'C      (Couot) 

(1)    (/JjniriR Point Centre of Hull) 

I 
Fv S1T s4v 

l\|kaiec 

Aspect--., 
ÖOC^ 1000x 1500x 600x 1000x 1500x boo*- 1000X isoo31   ! 

I      0° .983 .030 .030 .112 .094 .004 .190 .160 .000    1 
15° .912 .016 .037 .104 .002 .004 .136 .002 .006    ' 

I   30° .720 .529 .036 .075 .053 .004 .064 .047 .003    1 
45° .903 .030 .523 .057 .047 .030 .051 .043 .027 
60° .902 .031 .537 .036 .031 .021 .032 .027 .010 
75° .902 .030 .536 .030 .025 .016 .022 ,010 .012 

\   90° .902 .030 .536 .027 .023 .015 .015 ,012 ,008 
105° .902 .030 .536 .023 .020 .013 .012 .010 ,006        j 
1200 .902 .031 .537 .019 .016 .010 .009 .007 .005 
135° .903 .030 .525 .014 .011 .007 .007 .006 .004     ! 
150° .700 .666 .167 .007 .006 .002 .005 .004 ,001      | 
165° .912 .680 .401 .OCk .003 .002 .005 .004 ,002 
180° .933 .030 .506 .002 .002 + ,006 .004 .004 

(2)     (Aii.iin;. Point Vulnerable Area) 

Fv S1v s4v        | 

"NEanso 

i..spect\ 
600x 1000x 1500x 600x 1000x I  1500x 600x 1000x 1500x 

j     0° .983 .030 .038 .112 .094 .004 .190 ,160 .000 

15° .932 .008 .026 .112 .001 .003 .146 ,001 .004 
30° .732 .560 .025 .076 .058 .003 .064. .049 .002 
45° .902 .831 .536 .057 .048 .031 .051 .043 .028     1 

|   60° .983 .035 .544 .030 .032 .021 .032 ,028 .010 
75° .983 .835 .543 .030 .026 .017 .022 ,010 .012     | 

i   90° .982 .830 .536 .027 .023 .013 .015 .012 .000     I 
105° .903 .035 .543 .023 .020 .013 .012 .010 .007 
120° .903 .035 .544 .019 .016 .010 .009 .008 .005 
135° .902 .877 .536 .014 .012 .008 .007 .007 .004  ! 
150° .982 .815 .468 .009 .008 .004 .006 .005 .003    ! 
I650 

. 982 .819 .409 .005 .004 .002 .006 .005 .003 
100° ,903 .830 .506 .002 .002 + ,006 .004 .004   | 

+      Those vciluus arc leas  than .0005. 

-e^^Hsm 

UNCLASSr-lEC 



1 revoiiT 

jNCLAbSIHtL' 
DPV&. 

AT    15°   INTERNXOLS 

(vide Appendix E. Fia.EZ..") 

ÄPPX. J. 

FIG.11. 

IS6 

/       5lV   •" FV X  WHITTAKfeK^   dp 

SAV =. Pv x ELLIPTICALX d.p.v 

/ 

I5C 16» l«0 

UNCLASSlFIEr 



AF>PX. J. 
UNCLASSIFIED no. JE. 

VULNERABILI. V  OF  CENTURION 3    TO   ATTACK   BY   \2Z^.(7S^] 

f AIMING PQIKIT VULNERABLE AREA) 

(Rangt  1000 ydi) 

POL.AR   DIAGRAM OF PV (VULNERABIUTV.) 

40 

VJÖ 

WO' 

UNCLASS!--ieD 

S^^t^T 



UNCLASSIFIED 
APPX 

FiG,J3 
VULNb^AallJTY   OF   CfaNUjklOM   3    ''O   ATTACK   Bf    122«»  (TS 3'; 

CAIMIMG POIMT   CEMTRS OP MUULJ 

(Ror^e   1000 yds) 

POLAÄ   L)lAaFlA.M   OP    Pv (V'UUvHRAaiUTv') 

SiS 

SCO 

\ 
\ 

as' 

zid 

«A 

I 
I 

wo' 

/ 

22S 

Do 

UNCLASSIFIED 



APPX.I 

UNCLA^I.-fLU 

PIG.J4 
PkoaABiLiTv OF CENTURION 3   BEING DEFEATEL BY ize^^dss) 

(AIMING POINT  VuLNER^auE. ARC-A) 

((Zong«  1000 yd»,) 

350' 

VECTOR   DIAGRAM OP ^>V ( PRORA&ILITY) 

Sv « Pv.   X  d.p.v. 

i&ClülLT 



A??X J 

,AIMING POIMV '"FinMr.  OF  HULL.' 

(Range.   lOOQ yds") 

550° 

30ü' 

?äC 

ers 

VECTot» DIAGRAM OF S/ (PRQ&ARILITY) 

(Sv « Pv /. «.p /.) 



APPX.J 
FIG. JG. oamsvioNn 

VULNERABILITY   OP   COMET   TO  ATTACK  BY   ^UJV APBC f'T34/5&) 
(AlMINO    P&m  VULKIRRABLE   AREA) 

(Range 1000 yd») 

POLAR.   CHAOHAM OPPV (NAjusePAaiuTY.) 

ONCLAS'ilRIt» 



üNCLAbSir-fi; 

Ei£J7 
VULNERAP'LrTY   0!"   COMET  TO  ATTACK   BY   tt~* APBC (TM/S)) 

(AIMING PONT CENTRE OF MULL) 

(Range OOO yd*) 

POLAR DIAGRAM OF   PV (VULNEWA^LIIV.) 

?5 

3üu 

28* 

tTO 

ZSii 

Z40 

^25 

UNCLASSW' 



APPX.I 

rlG.J.8. 
3£GRLT 

UNCLASSIFIED 
PROBAaiLITY   OP   CpMETT aElNG   DEPEATBO BY 8Smm APBC (T3<l^»y 

(Zanqv IOOO yd«.) 

UiSCuAS^iFlED 



xJNCLASSIFIEt 
• JTiÄf'IT— AP?x J. 

riG.:9 
ggoa^BiLrn   OF COMET BEING DEFEATED BY ss^APac (134^8) 

("AIMIKIG POINT  QeNTRft QP MULL.) 

(Rong*   1000 ydi) 

VBCTOR   DI&CRAM QP Sv( PROBABILITY) 

J s'  »    PV    X   d.|B.v. 

"w-C^   

UNCLAbilHfcU 



APPX 'S 

ONCIASSIFIED 

PTG.JIO. 
VULMBRABIUTV   OP   TS S  TO ATTACK B.Y   SOPOB. AP^S^CSNTS' 

f^iMiKiG POIMT   Vu>;F.aAaL.E .ABBA!) 

(Rcnge.   IOOO yd,s^ 

PoLAft   DlAar-»M    OP   Pv ^VULNKt^^aiUTY^ 

UNCLASSIBfc& 



'»Hr.LAbiJlRED 

'SgCtttT-- APPX. 1 
ElG.III. 

VUÜvlERA&lUTY   OP    TS5    TO  ATTAQK   BY   apBaa APOS CQ.gNT3^ 
(AIMING   PT — CesiTRB OP MULL.) 

(Eongi 1000 yd».) 

POLAQ   DlAfiRAM    OP    Pv   (VuLNRRAaiUTY)   AT    15* 1NTERVAIÄ. 

45* 
\ 

\ 
> 

\ 

\      ' 
A 

/   ^ 
/ 

60 / 
XV 

vo* 

UNCLASSIFIED 

.   I  <"Wi l, L— 



UNCLASSIFIED 

AgPX.J. -3&?<Tr 

£IG.J^. 
PpOBAfellJ l i    <)i       ID i     tShlH»i   DbiRiArfcLU  &Y   tlQ pca^ ÄPDS (ClEKJt s) 

.'ui.iitio  PaKn   \/ijLhjERABL£ AREA) 

(RQIVJA   lODOyds) 

lö 0° 34S" 

5v - Pv X d.p.v. 

OHOASSIBSP 



JNCLASSIRED 
APPX. I. 
PIG. J13». 

PHOB»ARII "it OP T5 3 aaiiG D^rEMiLü B/ ZOPOR-APPS (CENTS) 

(AIMING POIMV CENTRE OF MUX] 

(Range.  1000 yd%) 

Vfecroa DUXJBAM OF SV (PBOBMUUTV) 

(SV « Pv X d.p.vy.) 



UNCLASSIFIED 

APPX J. ^^BftT 
FIG. J14. 
VULNERABILIT i   OF   VM/SS   TO   ATTACK &V  11™ APCBC CCOMEf') 

(A IMIKIG POINT VüLWERAEU-E AREA'!) 

(Rongc 1000 yi*) 

Püi/M^. DiAattAM OF  Pv(VULNERABILITY') 

tio 

UNCLASSIFIED 



iiSVlONM i*m J. 
c r T if. 

•y JL h!r.>-<A&IUTY   C^     '; M/%.5   "•Q   ^TTACK    LSV    77mW. APCBC (CQIVIET'; 

(AlMirK;   PQIK.T   C.F.MT«E   OF  MULL. 

(Baryt lOCOyds.) 

POLAR DIAGRAM  OF  PV (vbLMEB^ftiuTvl 

30 

\ 

\ 
\ 

\   y    \ 

SDü' 



APPX. I 
UNCLASSIFIED FIG. J16. 

PROBABILITY OP T^S BEING DEFEATED ay T/U.APCBtfifcoMET) 
(Aiwii.sio POIMT VULNERABLE AWSA.) 

(Songc   IOOO yds.^ 

VECTO« DIAOWAM OP S>V (pRoaAaiurv) 
3v • Pv x d.(i.v. 

ONCuAbSlFlfeO 



APPX. J 

, ,N]   JNCLA^SIREI;      B^^- 
PRO&A&IUT^   OF   T34/K    B£IKIG   DEFEATED    SY    77, m APCBE COMET} 

CAIMING  POINT  C£NTRE OP  Uluu-") 

(Range 1000 yds.) 
S4v 

3SO* 

VECTOR  DIA&KAM OH SV (PBOSASIUTY) 

(Sv « Pv x dl p.v.) 

i»   ',•-. 

wHL.w/^^jirii:t> 
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