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- of the most gensral nature ahﬁuld be drawn from
gented. The figures for U. S. submarines are given for com-
parison. , , o

z torpedoea ‘by G@man U/Boatsq |
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SULMARY OF GERMAN TORPEDQ FIRING
IN WORLD VAR II,
WITE COMPARATIVE FIGURES FOR Ug S. SUBMARINES.,

Réference (a) NavTeohMisEu Technical Report No, 202&&5:
Gsneral Survey of Germean Torpedoes,
September 195, SECRET.

I, Summary
This report is based on a*study of IBM cards relating

- %o German torpedo war shots. The cards wors propared by the

Gormans and have not been checked against allled records ex-

- copt for a few comparisons repcrtsd herein. Furthermore, the
card file does not contain date on submarines that were losd

nor for any action after October 194k

Tables 1 and 2 show an over-all pleturs of the Y. S. and
German submarine effort., However, it i3 very lmportant to
note that the data in these tables, as well as all other datn
in this report are the result of combining different ordnerce
and different tactical situationas therofore onlz eocnelusions

he data pre-~

Tables 3 and L, show the use of, and results with, the

‘8everal torpedo types used. On the basis of per cent hitiing
 the target American and German torpedoes compars as follownz

] Uo S. ’ Gsman
Acoustic | %24 nits 51% hits
 Steam, straight 25% hite - 52% nits
Eleotric, straight 20% hits % hite
- Pattemn - 114 nits

This difference 1s primarily due to the Pfact thatv the ¥, 8.
used a salvo about twice as large as that used by the Geormans.
On the basis of per cent of salvos successful, the results are
almost identical (55% for U. S., 52% for Gormany) . |

~ II. Introduction

After the end of the war, the ﬁvitiah ﬁdmiralﬁy Dalagabicn
found in Germeny & £1lp of IBM cards describing the rxrimg ef




TeHble 1. SUIMARY FILOURES

TeS, fforrnen

e Tcppe&oeﬂ {total) b398 BL6Y
i Porpedoes (acoustic) 122 *35é
%25*4 ‘ AL fits {total’ ' L8531 3755
SR ~ Hits (acousfilc) | 39 226
3 | | |
e Salvos (total) o 1981 iy
Salvos {accustie) ‘ ) 122 35
Successful salvos 2758 3382
‘Submarine months at sea 2198 1765 (1)
)

Ships sunk by these submerines 1730 (5) Iy ilivf
Ships sunk, total period covered 1738 (5) 1777 (6)

Submarines los k o 782
Ierchant vessels attaoked ; 3087 253k (23)
Herchant wssgels hib ; 2138 1712‘(2;
Merchant veasels sunk 136 1236 (2
Torpedoes Tired at morchant vossels 10809 5362 (2;
Hita on merchant vessels 1005 2701 (2)
Pargebs atbacked ' hQ?L 3 85
Tarsots hit \ 2571 2 :
 Targets sumk 1535 (3) 159 (b

{1) UaSe tra%apie area July 19&2 throuph May 1943
Atlantic for June 1943 through ueptsmbsm 19
Atlantic only

DN, T, f%cO?ds

COIINCH RBDICORDE, Pasrl Hﬂﬂcop to V. La day.
Submerine comamd

U/Boat command, tobtal parioﬂ

A SOy, Iy N,
n
St Nt Wt S N2
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Table 2. SUIMARY STATISTICS

4 Uaga &m&n .

e

;;u«,'f ,Percent of édrpedoes hitting 31 Iy
% Percent of salvos successful 5§ 52
. Torpedoes per salvo (except ecoustio) 2.9 1.5

.'7Ships~sunk por 100 sub months at sea 78.6 7.1
~ Torpedoss fired per ship sunk 8.3 ly..8
. Werchant vossels hit per 100 atbacked 69 68
. lerchant vessels sunk per 100 hit 67 7o
. Poroent hits among torps fired at 1/¥'s 37 50
 Number of hits per M/V hit 1.9 1.6

"fﬁvanage‘rangp*df‘fire{except acoustic) 2063 yds. Qlﬁﬂfydse
- Percent under 1500 yards S 37 504+

# Rough approximation, sinoce range is piven only to

 nearest kilometor.
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Table 3. TORPEDOLS FIBED BY U.£., SUBMARINES

Tear & T it ,
Quarter Steam BLeC. ACOUR. TOTAL DLeam  BLeC. ACOU, TULAL

s gl 4 1ok w13 13
- Gk oAl ' Lol LS - L7

Ry s 5 B
- i & % 2

R
O R

1 740 ho 256 256
2 79 ho 27k | 274
Z 1032 21 1053 17 i ) 21

1943

gkl 1 1227 31 1308 hZ'i‘ 29 51t
2 10 1 1262  L6b 60 52

| 3' 1124 57 1700 U453 202 625

863 1888 345 317 3 665

57 }1"’7,(.‘1 £75 0%

,,ig,

¢

gt
£

e e
¥ [

Wt

aof aa

,j192a~5 g 307 600 lgé 950 7h 150 .10 2;%
2 2 1012 138 :
3 %Z‘z 288 W3 29 26 %% %?'

. SEhR YEn K LR R TA T # o s S P e e £
RS A AN - s U LA ] - RN ¥ S .
AR S R 3 AW Sadn £ 203 b f_? Lo ¥ f; % iy

=

 JOTAL 10805° 3471 122 14398 3796 996 39 43l
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 The file was reproduced.by B.A.D.. and the reproducsd 13 WAL
Torwerded to the.operations Evaluation Groapap The ea?ﬁ$%§1;mw
covers, but not entirely, U/Boat aotivity from 3 Ssptembsr 1930
to the end of Cotober 12984, It 15 incomplete with respect to
the activities of U/Boats on the patrols on which they wers
T lost, and s amall amount of scattered information, believed by
e B&Aaﬂu to have been omitted for no specisl reason, Since largs
-~ nugbers of German U/Boats were lost during 1943 ana 1044 the
~Qata for those years are pariticularly incompleis, ’

The card flle wae never used by the Germans. ¥t wee g441l
in the process of construction at the end of the war, and sonialncs
- A large number of inconeistencies. It hes been merutinized ans
~many errors eliminated, but some undoubtedly remain.  éumma5¥
of the contents of the file appears in Appendix (A). ””

It must be emphasized that all figures and conclusions
_contained in this study are based on the cleims of the Germans,
a8 recorded in the punched cerds degcribad above, and that thess
~ deta have not been compared with Allied records. A study vhich
- weuld be of interest would be 2 comparison of German clalima, ape
~ pecially their descriptions cr the target, with the Alllod cesu-

alty records. ’ -

XTI Qigguaﬂion of Tables and Craphs

8. ,Torpeﬁe'Expenditure

} Table ba l1ists German torpedoes fired, by quarter and : .
. torpedo type. A summary of the frequency of the use ol the var-
. lous types, by year, 1sug1ven below.

o | | 19 1941 1942 194 1944
X eleetric.(impact) (9% ’ mgﬁ§ m%g% ‘mﬁwm

'¥ele¢%ric;ipraximi§y) » ® *  30% 20% 2

¥ gteam 174 1% 9% 3% L  ’E
7, ;MEe1actri@o£pattera) ® ® 5 | 5% | 0% E (
"~7§,accoéaﬁin e L 4 bod e i
L ateam {pattern » SR 4 # 4t oF 3
other he 2% T7E & s

% Either zaro or extremely swsll perseniage.

W
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Tabls %8, TORPEDUES FIRED BY CERMAN SUBNMARINES

{see Appendix B for desoription of torpedo typsa]

: | §an:¢E.  Ac. Pattern Steam Electric Unk .
 Quarter _B L M v W X ¥~ T TOIAL

i 1689 3 - ~ - 1 - 3 - - 4
o e 4 - - - 26 32 127 - 6  1sl
e PO - B B2 ey A
I 1040 1 - - - 7 35 148 @ - 3 ie1
8 2 - - - 8 54 219 - 3 284
! 3 - - ~ 7 49 275 - 1 332
| 4 - - - 11 55 258 - 2 524
- ROARAL e O Led ELEHE 3 PR
1941 1 - - - 3 40 182 2 1 228
2 1 - - 10 11 301 @ = 1 424
5 - - - 4 8 232 - 1 245
4 - - - 8 13 338 - - 359
TOUAL % = - B8 3088 0 7 SR
ivse 2 - - - 3 B0 680 - &  73¢
| 2 - - - 3 WL 678 - 1 78
3 - - - 10 7L 693 2 32  ege
4 - 2. - 7 87 698 35 101 910
CPAT, . . RE RBD2YaR . BT 150 3ad

15 843  le7 43 526
22 254 117 o8 450
2% 100 180 a1 399

& 26 137 g 318

1943 1 2 30 o
i A 3
5 20 36
R -

bt
& e DY

.
[R¥

58 281

73 B3
58 4 191
4

1 %
3 6B 8 85
3.4 2 6

e s . pn
iy LT 1673

)

14 148
11

LI A
14
Y 4 et =3

RN |

CPOTAL 338 113 284 781 ETs8  78Y 8487

et
A
ol
£
o
O

~# Data very incomplebe.
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Those date indicabts thalb ©
most frequanil y unm.li, the enmd o 1945,
_aayauahie; and I {(patbern} were used mors

S Table Ub lists German btorpedo hits by quarter end torpnds
~Bype. The total percenbage success Tor sach bype, for the

antire period ls as follows:

X 3.5 bits
Y5 ;f
5 23 7 i
P4
-k %
v 2% ‘
L EE ?
T’OE&.% o

Gf 21l salvos firedg 52% were successful in oL%a?% ing
one or more hits. On the basis of successful salvos the ~ B
. asoustic homing torpedo appears to have been aboubt 157 bed '
© than the nonhoming torpedo. However, the acousiic howing
'Qtarpeec was never fired In salvo,; but only as a singls shob.
. Tor the entira period; for the most frecuenily used Gorman
f'terpeée types, the ratlos wersas

L Torpado Type T@ryﬁféalwa
TE -Tasoustic boming B
X = sloctrie (stwai.h:i impael) 1a?
Y = olectric {stralsd 55 proxinlty) 1.7
i -~ gbeam {sbtraight, L0 or Ll kis) L 1.07
Total fopr all torpedoes 7 R ey

. I acunﬁmy i8 to be aonsidered, bthe maxinum sdvanbape
of ﬁh@ aecougtic torpede may best bs esbimated ny cempaning
. &the percentage of hits againat the percentase of sncoessful
~ salvoss These two peroentages, by major to“paao tVps are
N follows:

;;ﬁ e  Poreent salvos Forcent torpedoss
‘ i Torpedo ;gpe ‘ successful bittiaz
Stralghb(X,F,.Y,7) 524 Tl
Pattern (ML sl b
Heming (B | ézg _61%
S Potal 529 1ha
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- Table 4b. GESMAN TORPEDO HITS

(See Appendix B for description of torpedo types)

S 1Y%ari & “Ac.  Pattern Steam “Electric  Unk.

o 1839 3 - - - 1 - 1 - - 2
s 4 - - - 8 13 45 - 1 67

20 = 69 92

- wn - 3 oo -

2 - - - 3 20 78 - - 10l

3 - - - & 21 189 - - 183

w & - - - 7 31 150 - - 188

k TOTAL “ o 18 o AT o a6

1941 1 - -~ - 2 23 89 - 1 115

2 1 o - - 6 70 188 - 1 236

. T - - 0 2 122 - i 125

Lo & o - - 3 4 106 . - 113

LR AL x - - R e D - 3 B0
142 1 - - w 0 28 271 - 2 301 ~

. 2 - - - g BB 287 - 325

5 - - - 2 38 309 1 33 381

4 - 2 - 3 %89 290 10 45 389

T AL - A ¥ FRSTCRNNC b k &3 1584

8 221 88 18 364
3 203

10 43 58 13 164

1 7 36 4 125

i G0 8
¢
¥ 4 G
[ e R Ry ]
ot
&K
-t
ot
eS|
5
o
e

46 11 2

e G w2 eyt
60 2 ] 38 it 253 & 280

136
89 .
55

©5 1 CANI OO
s
Rl Bt
ler
Gt

3 RN

62 20 62 402 28507 280 137 3755
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‘ Tobal borpede shobg and blie ave ghe
Hevres 1o The German records show fewer bovpedoss Thvad
sters fired by U 3. submarinos, bub this is lavgely due $o ibe
iesk of data from the larse nunber of missing U/Moats.

L &

b. S3zo of galve

Figore 2 shows that both Gemmany and the U.8. tended te
inerease the slze of the salve as the war progressed, bub
the averape for Geormany (1.5 torpedocs) was much lower than
that for the U.S. (2.9 torpadees). The percent of successiul
selvos was about the same for the two countries, bub the V.3,
incressed to & maximum of 69% in the 2nd quarbter of 194k,
then dscersased to the end of the war. It is interesting to
note that the Germana were able tc achieve aboub the came

‘guccess as the U.S5. subs with fewer torpedoes per salvo.

The total mumber of torpedoes fired per ship sunk ineressed
almost congtantly In the cass of ths Germen offort, ag gshown in
Figure 3, while for the U.S. 1% vemeined fairly constent. I

‘average range cen be showm Lo affect success, this could be

caused by the increase in range of CGermen fire {see par. ).

Meures Lia and iib show the number of ships sunk par 100

“submarine months at sea and the tobtal mmber of subtmarines
lost. The Germans, in thelr cwn records show almost consbantly
- desreasing productivity, snd st the sswme time they had an ‘

almost eonstantly increasing loss rate, The CGOUINCH figures
on the results of the U/Boat war give thom eredit for an ine

~ ereased sinking rabte beglnning in the 2nd quarter of 19l
'This could have resulted from the use of the acoustic torpedo.

~In this connection, Figure § shows that both the U.S.
and the Geyrman submarine ccmmends probably wers overwconsesvas
tive in giving the submorine ecredids for sinking a target that
was hit. It is interesting to nowhow thiz congervabism ine
apeaged, fox both countries, as the war progressed, then de-
creaged. The final collapss of the Gewaan U/Boat war is res-
Gacted at the end of the curve.

Table § lists the averapge number of torpedoss flisd at
esch Terzet, by year and result of atback. For the entirs
poriod, the average number of torpedoes per tergsbt waus

por tarpet ALLacked TLIE
per target sunk 2.18
per_tarset damaged 252
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- It is interosting to note that an average of 2.32 torpedoss was
fired to dammge & target, whilo an sverage of only 2.18 was
fired to aink a target. Dameged targets recelvedfewor hils,
however. V

Table 6 shows the average number of aslvos per target,; by
year and result of attack. These flpures show that for the
entire period, the average number of salvos per target wass

por target attaoked ,3
per target sunk - 1.&2,
per targoet damaged

Again it is seen that more salvos were expended on damagad
than on sunk ships.

- 0f the total number of salvos fired, 52% vere successw
ful in scoring one or more hits on the target. Of the number
'~wh1ch'were suecesslul in scoring one or more hits on the tar=
: ?et, 73 wore effective in sinking ships, and 27% were effaective
n damaging shipa. An index of effectlveness of German torpadc
~ fire can be found in the number of ships which they sank per
~shot and per salvo. These indeies are:

. sunk or

ships sunk ships damaged demaged
Per salvo 0.28 0.10 0.38
Per shot 0,21 ' 0 008 0 ¢29

UNCLASSIFIED
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~ Table 6. AVERAGE’ Gruvear AATHGS DEP TARGET
Salvos rired Suocesseful saivos “Total  Total

at each target on each tan salvos torps
Target Year "‘""“W"‘“‘H“"E%!.EE" _— "'-m: \ gﬁ d fired per per

ship sunk salvo

A1l 1939 1Jm 2.00 1.,55 1,15 1.00 o.sh 3 1,03
Ships 19 l‘hB lbgg 1630 102 1025 0'7!‘. 2:& 008
1. 2, 1.53 1. 1.47 0. 3,92 1.1

3. ; 1. 1.92 1,32 1 z 147 1.40 0. o2 1

19 1. 1.& 1.39 1.61 1.1;2 1.30 0. 3, 1.5
R 1.38 3. 6 }. 1. 58 1.20 1,39 0. 3e47 1.2
DOTAL  1.70 105 L LAPESS) B R SE A A Dau® 500 EY

WR—— R AT

[ SSVIONA
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oo A ploture of the wov on Vevehanty YV

Rt

OGP gGLE

%3

R S - By sliminating othev hoern snh vassels, we obtaln
RERNE ‘8 more honogensous pjevuva of MVurw»ﬁay mubmarﬁneﬁgaﬁjqra.
and ons which can be used pf@pgrﬁy to compares the U, S, aad
Gorman activities. The numnev cf targsts hit per targst
attacked is shown in Pigure 63 Figure ? shows the mambor
sunk per barget hit. F*gure é ahoww the percent of Lorpsices

% pitting and Figure 9 the average mumber of hits per btarget
o hit. The sinilarityg both in magnituda and behav*or, of the
fwo ol  }‘granhs for the two nations ls apparent.

d. Effoct of convoy anaﬁvs

Ll Table 7 shows the effoet of borpado 3hotu, by year and
oot oo convoy sbtatus of the target. IPFor the eniirs perlod, the
percent of torpedoes hitting leg

On single ships
On unascorbted groups
Oﬁ,shipa in convoy

Wk
RAR

There ia, of courss, an increased risk to the submarine in

. an attack on a convoy, but he has a much greater chance of
‘hitting a target not primerily aimed at. “The alstribvuslon
of ta*al ehots fired 1 as followsat ‘

At single ships - 69% 7z , T
At unescorted groups - 1% :
At ships In convey 12

g«vmmm Status 3.%

5 Iné@panﬂsnt shipas which wora demeged rathor than sunk
‘gesmed to Arew consideorably more fire, but recelved about
- the same nmupber of hits as ships that were gunk. On the
. other hend a ship damaged from a convoy drow about the
. sane fire, but roecclved fewer hits than one aunk:rrom &
L vﬁm}voya

ae Aceurscy and Tire contrel

Shel Tab&a B shows . thﬁ corrslation between alm point and
‘ ,V'impact point, fcp eingle shots.
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mable 7. EFFECT OF GERMAI TORPUDO SHOTS
- By Year and Convey Status of Target
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: SURK = Vamaged Vo damege ~ Tofal ~ <N
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1943 single
Unes .Group
Convoy
Unknowm
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Total Singie 1288 ~ Log

Unes.Group 312 727 519 14,2 212 212 225 L8R 70 ?5?”
Convoy 251 513 391 11l 226 165 160 305 525 1042
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Table 8. AIM POINT VS IMPACT POINT
Single German Torpsdoes only

- : Worpedo Alm To I F oF
A& type _ point Ll Total
A 1 112 6 1 Lo 236
T torpodoes 2 182 55 8% 502 1122
i e / 1 6 2 10
| 11 2h 112 190
TOTAL  30Q 658 127 Lol i6g8
Type V 1 1 1 0.
o 2 6 13 3 % 2g
ﬁ o 0 0 0 0
o 0 1 5 6
OTAT 73 &L 12 57
Type W i 16 6 1 30
‘ R
| 0o 6 3
| wméhn Lz 12k gg g% 952
Type X 1 59 0 35 193
o 2 13% hoi 63 aag 823 :
I 13 52 18 sl
s TOTLL 281 490 G 3RY 117
Type Y 1 2 0 é 12
V 2 g a% 0 19 50
a 0 1 0 1
1 2 0 1 L
TOTAL 8 32 1 26 67
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= Arildehips

= Dngines {Although "Ingines’ have no Cixed place,
T - , they will ususlly come at or beiwsen

i * e : , Class 2 or 33.9}
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The following teble glves the wslueg of & wmodifisd rank-
[ERE diffoerence correlation cosfficient which variss fronm the
PLig ! value 70" if the hits were equally distributed along the

e o hadl regnrdlems of aim polnt, o 1M 4 the Lorpsdoes all
hit the poilnt at which thsy wers aimed. The development

of the fomula for A" iz givern 1u Appendix J.

L L Torpedo_typs R

| V = {s%eamg'?ﬂ knots) ol
7 -~ {steam, IO knots) iy
% = {electric, contact) W4

leleetric, proximity)
, A1l types

i
o

e
o

. The inereass in R{) ower BRIV} is ho be axpscted on
“the baris of the groater sposd of Type . Dyve ¥ wog naed
~iater in the war than ¥.

f. Range of five

S Rlgure 10, which indicades no approciable varisziion
of seccuracy with range, is Ingluded becauss of the penaral :
ecurrent Intersst in the sublect, Howover, range is corcealated
with many other verlables and until 3t sen ba separabted from
them no really valld conclusgions can be reaehed on Lhs sifest
thet it may hava. (Notet a study of this nature is now in
‘propgress in the 0,5.8.) PFlgure 1L shove how the Gammansg ine
erganed range of fire aa bthe war progreased.
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Appendizx Ay  COWIDIFES OF CAUNDS

CAPTURED IN GE MJTAL‘TE?.’

Gard Yo, 1 (apnlies to one sslvel,
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O Co3 S
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Serial rumber

U/Boat

Date and time
later depth
Araa
Visibility, weather; overcast, day»nig?tmtwill@nﬁ
Viind and sea

Yater tenmperature

Target type, cargo, tormnage, convoy siatus, draf%;
length

Type of salvo, divergence, depth sattkna

Faulty torpedoes and fire control

Pire control and trim angle

.Aim point

Dive and turn after five
Hits

. C/6 of U/Boat

« Torp. running time

o Abtteck officer

2 {epplies to each yorpedo).

» Serial rammber

Fumming depth

U/Boat course and spzed
Target bearing, course, speed
U/Boat angle on target bow
Range '« First Tst., firing, TDC

Initial torp. run, loop, ‘ut speed

Bvidence of hit, type, and effect
Pistol type

~Torp. type and spaed
‘Pallures and caouses

Enermy counteraction

., Point of iupact

Torpedo gyro, COUrse, ungle on tarpet bow
Angle between torpedo and swell

Tme for sarget to sink

Loop in which hit occurred
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30 knots, wange 12,500 meters, accurac

T-I Fat It A 30 knot anti-convoy borpedo.
initial straight run, the T=I Fat } turng 90% Lo pori

[~%appe%, and the torpedo could bs firsd at a L&”?b&
in a-position of 0% o 360° from the myumerine. Ey

YT OURY

o i 25

Appoendix B: DEBUNI

TORTLI

Pty A steam propslled  torpedc, wish

203 £ e
P OONES -

TX1 Modified for a spsed of L0 knots, range 7,500

neterss or e speed of Ll kncta; © ange 5rG0ﬁ‘m§%mvga

Af@ax &y

or gtarboard, and thersafter makes iB0° turns. The
gsetting of “long” {5 knot) lags GP W gh opg® Q;Mf
lege determined the vate of aavancem This ¥
was designed %o be most officient when Pir @d 5t ar
angle of 90° to the course of the conw¢§» '

‘Tm&lz An slectric, wakeless torpedo, powerved by a
130V battery developing 90 hp. uﬁ@(ﬁ 70 kn mtm, PANES
5,000 meters if prehoated to 307 C; ﬁ;ﬂ&ﬁ motarg 1f

: n@% pﬁeaeatédr

T-III: An electria, wekkeless to Pnecaﬁ Thﬁ@ tyne ig
the Tw=II adapted for use with the wroximity pilatol
Speed 30 knots, range 5,000 meters if preheslbed o

A0° C3 3,000 moters if not prsheatad,

T-TIIa? An electric, wakelsss, torpedo fitted with
. proximity plstol.
- ko permit the use of floure~run devices

The T=III had tco qhﬁ@% & TANnge
¢411 Pl org

Lo increase the range 1t was fittec wmth lavger ha»t Ligoe

This modificatlon, the T~IIla, had a wamge of 7,500

Fow a

mebers at 30 knots with 30° ¢ prah&at*mgm ;
E‘

range of 5,000 meters the aiming ervor was 1.5 of
ﬁhe,running distancej for larger dlstances 2%. Both

et IT and Tut I were combined witk the Twili&¢

TwIIIa Lut It An electric, wakeless torpedc [ithed
vith proximity pistel and mod fisd tracking path
The leg length could veo adjusted to the speed of

& fi@

the pcﬁit&on and rats of advance o ﬁ&% LouTHe
probabliidty of “...tr b3 Fole

adjusting
and speaa of the %arret, a highsn
was expescted, ‘
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- CONRRAELAT

Ve desire 8 moasure of rank cowralation in a sguare disbyde
bution where all cells may conbtain fraquencies, the rank
proceding from 1 to n by unit indervels. The measuvre .
should plve "O" Af all cells have the seme freguoency and
MY 1f ell frequencies 1lle on the principsl diagoneld. By -
“the nature of the problem nogative corrslation Ls inadulsgs
ible, The measure should bo simpls bte compute. ‘

Buch a measure will bs glven by

ney-Zoelwsl
K : 2

whers K is to be determined so vhat the lower Limit of

R will be 0, The upper limit s fixed at "1", since the
o, fpection wlll be O in the case of 13l corrvespondence in
. ranks SRR R ' o o

Tew 4if each of tho cells contains "o items thre |
‘mwerator of the fraction will be, by reference to Figure

R

nml Tie]® ’
- g ;} 8 = a8 g&%;wmm}')mhevg YR § g{«yé
: oL o=l o : : :

 Whi¢h is squal to

(e 1) 2 exy
n e

k a:!.ncez ,;\?}:"f{ = ﬂgaa
 Yow sinece K = O for this case,

K= (2= 1)‘2@& |
: ~ 3n k '




and the formuia Lor B le given by

L)
Ry W 308 XY lxeyl
(@-1) ZW

,Which*rod&c@s to R A | :
R = gy ST oy |xew)

_fo,z* +the case where n:'-'-'- io N 1s the total mmber of chservae
ticns in the table, : o

bt
N
\N
£ R

: s o &« o o I
; i

Ol =l fwm s W

wl e e
M.“‘ww‘m, = lo
Y IV S S
ol folmn
slolwinlw

HBuie 2 oo 0 s

Figux*e i

"'hé ﬁ,mres in the calls aye U = !Ka‘!“







