'MAY 4 1997 2

Syt iy g N1z
CONFIDENTIAL . O.N.LPublictionNo.30 . 2O

Ahélﬁi% of theAdvantage of Speed
and Changes of Gourse in Avmdmg _
| Attack by Submarme

$ ;:'31"_ c
Py H
.

\' F

NAVY DEPARTMENT S ekt
" OFFICE OF NAVAL INTELLIGENCE
A - : MAY, 1918

¢
1%_
b

~ 'WASHINGTON
GOVERNMENT PRINTING OFFICE
> 1918

o ——




: CONFIDENTI{AL O, NL L Publication Na. 50

\nalvsis of the Advantage of Speed
and Changes ol Course in \voiding
\ttack by Submarime

| $

E NAVY DEPARTMENT

: EFRICE OF AN N BSTELLE (%01
AMAY L TaTE

?

i

h

Mo EN

-—:H L ASSTRLE

\

l
!

T Ty e




e o Naovae Intennaescr,
Ve, Foodois,
has pamphler contams pformation recardoee the advantaee of
spessdand chinnzes of conr=ean avordhine attack by sobmaries, com.
peled By Commander W= Pl Uinnred states ATAR [1s ven
ronportant that this imformation ~honld he Repr contidentials and no
[N'l‘\lrll |u~||-\\ ”n‘ I':|l|l\ nf Hi "“”l[lll\\ll'lll'll ul{.tc‘l 1~ Tuo |n' :|H-v\\c-|| T
At 1t exeept by pernnssion of the comumanndime othicer, i the
Case ol prerson-in e \:|\ ARIANY Fios iy regpnte Kivow In'il‘_’l' of 1T~ comtents
b I"'lrtvl’lll:l!r' ool then datnes
Roarr WELLES,
‘ll/'/lllll. {0 dedd States N,
[hivector or Naval Int i g,
(3
e

TR aSS
\ .




ANALYSIS OF THE ADVANTAGE OF SPEED AND CHANGES
OF COURSE IN AVOIDING ATTACK BY SUBMARINE.
i1 Teas heen :‘l*l!r!:x“) x'w"-'_’x,l/-lf it E.l,:ll \.ln'mJ Gl Tregtiend
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thi< analv<is has been nndertahen with o view o sndicating the

relative vahie of \[u'tl|~- aned thi qiiest ;nl\:l!li:r_'m-ll\ dreentios o
frequency ol clianwes of conre avondine torpedoes Bired o
~uharines,

20 The valne o \Iu'ml for this PHDose e B dhrgonstratod

III:II]H'III:III!':IH‘\ or '_’l':l!»lllt;:“\ and s lxnll\[»lll:xllh', The wadine of

climees of conrse can not beopeven mathienmtiendly andd sueh s
Cherefore dependent on conelusions dinwn from an anadvas of the
aperation of the cnemy ubiarnes previons teoandd dneeee an

altaels.

ANALYSIS OF THE VALUE OF SPEED IN AVOIDING SUBMARINE
ATTACK.
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[T the vos<ed bas o ~‘.|'|-1l ol G lnots s ~ubanarine i e area cross-
betebred thas o0 v oo Gan ot miahe 0 seees<tal atiael It rhe
vessel fris H \f't't"l ol T hnot< no attack can be made E._\ ao~1hmarine
Iromn prosition within the cro<<batelied area more distant from A
] than the carve 7.7
\\ - ' F’\q I Lo When e sabosersed <pesd o the s i~ Less than the
\ N Vs = spesd of submarne Vs speed of verie ~pecd ol ithe <lap. the ocus ot lnetme posiniens o w e ao<necesstul
\ir—" ondonqer angle SmOC'\\—/I%. attach can b nole o< w0 hioe fancent o e 1o .\:|I'<| "ll:«‘lt' and
\\ | mabane o with the cotur<e hne an o ancle x where < x ll The
\ ' Area of possible submerged 0%ock = T w2 ores )

\ ‘ enclosed between course hine and g ne ta- 1 * Bt one the apposite side of the track s s <ol hine
\\ the 1000 yard Gircle and making an ange w ' T o When the subimersed <peed of the submarne - Appros-
\ the course hine equal to the danger any'e - mately cqual v or fess theon the speed of ahie <bips the hine linnne

the area from whieh arttael 1+ nossthle s ~||-;n-x|c|--nl also Hpon the
~abmerced padims of aenian, '
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arcas in-question represent the very maximum liamits o w
submarine may becein i< submerged attack npon
however fast her surface <peed may
reaching the onter limits of aren 1.

arams,

A Nemsed o

beo <he st ~iihiverse 0
a< indicated oo the varreso o
Aeleareridea of this may be conveyed by |':'_"|l":‘~ b o
to make a successful attack, 4 <ubmarine capable of o LS
submerged. when <he peachos opomt at which <he o ‘I'J"‘-‘ ‘ |
can not be ar greater distanee than 7,500 vards Trom e oo
prolonged of o 12-knot vessef, E
for an 18-knot vessel, 4100 vards Tor a 25-knot vessel.  =ee oo
LIV, v, Furthermore, if 1he <uthm

treme side fimit of the ape of possible submerged attack, <l car o
suececd by steering one course, th ‘ ,
of the area, and in <nel, acase the atrack i- necessaridy <low oo
il sueceszful. (he submarine penetrate~ the

the beam of the <hip attacked.swhicl,
torpedo firing.
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) B
arite ~subinerce. on b

. V.
at conrse beine parmal 1o tin

arca \oat oo opomt e

point as disidvanteeons

200 Thus we <ee thay the

superiop >|)('m| of 4 vessel alone re-t
<ubmarine gt

taek to cortain are;
mercases, and lurthermaore, (1
the possible area of ati
able than others

= that decrease in ~ize as the -p

I~ <peed so pestrict= the attach, even

ack. as to make certain are~ mueh more des
from whieh (o deliver the
200 1t must be clearly
merged attack are doge
fixed Superiority

altack,

understood that the arene of possthle -
rmined ~olely by vt b
of speed.,
attack for a 5-knot
for a 10-knot submarine and 5
and an Is-knot Vessel

W

speeds.and not 1
Phus. the area of posable b
| i T R
submarine and u G-k vissel i~ exactly the o

P2-Knot vessel or o 1a-hnot b
et
220 The areas mdicated as e
aximum ndep
are lareer than (e probable
23 Submarines gy
~submersing thay they
cosstul attack withony
previons to g

the absolute 1y the assumption of thi~ anabyv=- o'
Areas i acetngl Practice, .
to obtain ~nch a Positron ey et a
“anopractieally be

using
I«hn‘in: the
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26, .\ ~ubmarine i position to make cither of these attacks v

also make a direet attack: i e <ot course andl ~preed to mmmtamn

In a |)nl'linn of the arca of |:n\~i|>|v ~thineroes
attack the submarine can only make the diveer el winel o=
from such arca~. <low and uncertain.
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Fig VIl .- 12kts
IX. and X.

The ancles obtained from the formmdas abwee oo

T
- ' L - -
considered approximately equal to one-half are of crearess G
By calenlation these ares are approximateiy as follow - (, . .
\
_— .
e Ships ~pueend, A N
shtargne,
o \
Nuonts, Worots, F I N :
~ ~ 1 \
' 7 . | ,
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s & appr Nt
: |

S0, “:x\'ill:j (Il‘l(‘l'lllilll'll the areas of ]m“ihlv ~ubimereed g

and the ares ol greatest danger, in what way mav they he ol o

reducing the chanees of <ieeesfyl submarine attaek 2 The oo Fiq IX 18k
areas herein discussed. of cour<e. are not lixed areas on the a0 T : T
of the water, but are mevely relative 1o the hip. move as e /%Y“‘- " ’
moves and turn as the <hip turmes. :

AN submarine 10 make o suecesstul attack must aor \ |
submerge within the angle formed by the <ides of the aren of e |
submerged attack, but mnst o all times durinzg the atiack vero \ ‘
within this area. Tomakes no difference whether <he Derelt - B |
of the aren or the area i< ~wine elegr of hero Onpee onn <Y e ‘
Lochromo spocd veenter: otherwise 1l aren does not repre
Bl area of possible <ubiereed attack  Hlowever af <he s
the area and alterwards e Are IS <o swine by owclaoe, o
o the vessd] attacked o< 1o lil;ll'q‘ Ber in i aown, navaral..
(uf:lplwlt' the attack.
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35, An attaek |)~\' a ~ubmarine may be divided mito three |>|1:u~n ~

- Submarine <ights <hip and mancuvers on the ~urface to obiam
a favorable position in which to <ubmerge.

thi Submarine submerges and approaches the <hip i ~ueh manne:
a= to gain a favorable position for firine torpedoes,

te. Submarine lires one or more torpedoes,

36, How doces zigzageing afleet the operation= of the <ubimarine m
phases vacand dhosand the aceuraey of (he torpedo in phase o ¢

Consideration of Phase (a).

A7 T s assamed that aship ean he <ighited by a submarine avash
at a distanee of 10 miles,

AN a s<hip steams on a steaight course, the aren from wihin
which a submarine might <jieht the ~hip is o reel
by tines parallel 1o, and 10 miles on o
Ficure XI1.

39000 the <hip zigzags this aren hecones
bounded by lines cach pomt of whicl is
the <hip's track as helore,

ancular area bonnded
ach <ide from. the ~hip'~ trae b

more trrecular. beos
FO miles from <ome poamt i
In case of w15 Zagzae. chansing con -
cach 30 minutes, speed 12 Knot<, this area wonld he ne mdicated o
IF1enee XL

10, T apparent from g comparison of Fieure N1 and Freure N
that the area within which the ~hip may be Sighited s merensed b
zigzaraing and progress along the base course redueed. A< {1 -
the elianee of hemge <ichted s concerned, 1t waonld he bt not 1o

PARZATS
P The anhier part of 1his Phise s the sainme of
for ~submercine for the atiaek.
What effeer daes the g

Hopesiiion ~|1|I:n|-|l‘

i have an this operiation
120 The sabimareme' s <irfaee ~pecd Lias been asaumed a- 16 Lot
While onside of vislaliny from 1he ~tps the <abimsarine ean ottt
HETRN desired position relative 1o o \||I[> of Toes \|u"'t| than 16 kot
nndess by chiznees of conpae by 1l ~hapo the reba Postlioni- ar tha
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the velative speeds ave, ship 120 submavine so thore are cortan aicn-
within 5 miles of the ship fraom which the submarine can ot
in the other portions an attack ean be delivercd Trom the ook
cirele inoan interval of time depending vpon the speced of e <
and <ubmarine and upon the position fron which the <abiar
makinge it= attack,

Fig XV.
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DISCUSSION OF THYE CHANGE IN DANGER AREAS DUE TO
ZIGZAGGING.

200 Tt has Deen <hown:

(o) '!‘h?l' ZiL"Z:X"_”‘_’iH‘_" i‘l"l"'.’l\"‘ e ,~!|;|r5r|~ ol b ‘1‘._’?1"!%5 R
~ubmarine, and

j/” '”lzll l]l" /.i'j'r’lil: ill"l'!'ﬂ““ !h,' Tiivnee lfliliu - ‘\\il-Xv;[ Y'!lr ~.I\I§‘ L~ i
the daneer zone,

GO Dy an exatmination of th danvrer arva- 10 hias been derersae
that o ~!li[) shonlds i order to b nre tiat the s e s e
\'lll)lll:ll'ill(‘ I~ |>:l~ill:‘ s attaen <hall he «'!l:llx-_r-wi ai beast e o
the attach. change conree at ieiervale of time vl <o b
middle curve of Fioge NV i e pace 2o correspotedive foo e

~peed of the v eese]

greatly exceed the ordinate <owp i ranutes ol phe posnr on e

61 There <Gl remaine to b comistlered the eade o v b e
aregs,

e of the extent of (he chiances Tnconrse,

ol the Tength of tine <teanad on cnel comee,

620t I Fienre XV the pot 4 i cach ense s< the poarion
the vessel at the time the subnarine subunerres. 1 rhe vessol e
timied on the oy AL <he conld be snecessfully artacled by sesn
marine I.\'illj,’. al the time (he 41!;» was at b anyvwere i
nea, 1 upon reaching £he vessel s to chann e comse s St
fnl' /-
becanse the subtarine o attuek a2 st have b oo ode
tanee ceht-welfhe of 1A an the time the veeel was st 1 A el
about [ wir radins ciehtatwelithe of (/70 the bang of the dome
area for an attaek o I.

L ceMain portion of this area i~ climinated g~ o daeser o

The cros<hatebed aren Y- the area v

tated as o part of the hneer aren b the chanee of course ot f | \
<ubmarine within 1he datted aren of the Tower fonpe con'd oira
SO [Nlilni on the I L0 the chianes of conr-e - to R
asmdicated in e lower fionpe, ;

s Thix (‘|I:lllf-"" of course, however, mahes |m\\i|:ln- TR AR

~hmarine whowe wit rhe

position wWhen the ves<el was ot 10 Tas
(«[~(i\\l|.‘l'('!“'i! are:, ) \‘““' l].‘i‘ T}Il' Conb-t Lot |.‘1-“ 4'}|:Ilwﬁ"“i o

[TV i
Stmarine oot aven canuld nor liave attacied

e relanive Szee of (e wreas X ) ndiare e
Uhe danirer sipen duetochanee o conre o Tas seen troan the diacan-
that the aren

eyt

) fee o
chiminated o« danisoron- aned the tneren~e oot dbar

Area st abont badanee Lo s b of conrse ol 200 e
vessel, whije For ':H"ﬂ‘ ' 'l.‘l‘l'_"" v S theancreasem e e
Guite marked.
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i e has been susre<ted that she ziozar <bhoald be <ieh - 1
throw ol one-tedf the ~1:|||~_'«'|' aren cach time the Cotirse s vh:m:-' ' /
I, hovever, the arca added to the <|:|Il<_f|‘|' dre }1.\ caeh .»||;1||!.- N

CONPSe 1S areater than the arca climmated, aned b= ratio = Creiies’
with the Tareest chanoe of conrses then ot can be no advanta e oo
zigzar from ihe pomt of view of reduers the daneer areas: o faee
the daneer arca s nercased by zezaenn s

6.5, There o~ bt one other factor 1o con~uder o~ atfecime 1o
daneer area~. This = the thme on each conrses T hias heen <how
presionshv o that e~ disadvanmtageons o vemain on one conese long
but that wa~ the resalt of consideration from o Jifferent ot o
View,

66, In e NV and NTX ave <tioswn daeraims of the danes
arca~ for ane IV\‘|N' of /.ij__"/,:lﬂ, I the first l|l:|‘_"l‘:|l|| the :|||<_'l:' o
chance of conr~e i< 20 0 L ndieates the daneer area 1f the ~hp

~teaming at 12 knots chanees conrse cacli 15 manntes )< e
daneer area il conrse i~ chanecd each 20 meooe~s o Freenee NTN
the daneer ancle< are <hown for o <oz oo whoneh the chanse -

Oof cotirse are 15

20 min

67 o cach case 1t i~ notieeable that the dancer aren decren- -

a~ the time on cach leo mereases Tios also phoas than the danes
arcas Tor the 100 zrezae o~ materadi oreater them tor 1hie 200
s and that thie namber of chianees to anael are oo pensed Ly e
virtaal reducnion m o speed cansed b the 2z

v~ From these dazrams i~ derernnned tian

Fig. XVIII.

" /.If;ﬁ:n‘_“;'lll’_’ icerense= the dancer arvas
5L The Crealter the t'lx:lllj_'l' of conrse the CEeat el e el enee 41 .
<|:|H‘__'1'r e

‘ i ]Hll'_"-‘r e Limne o e |".l' Y S TR NTIT ‘..\};n oI T
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Slll:.l” an angle as s consistent with causing errors i the data o Consideration of Phase (c1.
which the submarine commander i~ ba<ine the ealenlation for -
attack. 750 There is Dinthe Bope than ehanoes b comirse oo dis Db e

' R | U et
be any real protection asiitest tarpedoes AYEREM .I_\ e el s

/} The range which the cnemy sibrarises

/ 250 and 100 vards wivd at sneh dimtane e owell-annad
/ no matter what s done by the ~tup

.yl T From all the previons eonsidoratot - Phe o e

\ are |.('I|"|ll‘l|,

T TET A RN NSO S AT A

gt et ss

A\\ That ziezacrine
\ G Inerenses the chanee of bt ~t2titen
o Inerease= The Dine e e Wt zote
N foo Tnereases ihe daneer area -
» : . . . e NI vt
D e Bt le et tim avotdine Toipedoes piveperly e
i H ~ ot RN
e 'l‘]Il‘ :Il]\'llllw"‘q'\ ~"-||:x|v<i [N l-»lxlil‘[l!'_"Y}H'u’ull]lll:x.hlll el
M H H e . . i .
[ 1l i rons (RN N Y RS N
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e e e . . . - . D TN e AN E O E R
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E: o0 I sdezaeeanee 11 1= advantadeots |
o . ; ' . . O vl to e e o
ui o Toehinnee conese at intersalsappronitii: v | '
! | i ! S ! o The Lortid ot
L I'vqllll‘ml for attacks o rom aliennt Do lor The b
. lrom the |i”|i;'||,: presition. l | |
T ; vifee 1l nhmarne -
E b To chanee conr=e only enonst e e Ry 1
o lirine data. ‘ ;
ven T i . - Abteg By b sossntinent s
' ¢ These chitires of conr=e terpiired o b v P -
- ] . i n Preqnnet Yoot e
b from 20 (o 1o 0 A chianees are eode very trequiendin
Ny e reduced 1o 1o
: [ iid
| e R 7 . . gl i. 'I‘\‘ s ()f Zi"'zilﬁ.
- /\K ‘ Further Consideration of ‘Type: i
g ’ I
/ ] - H : . | L Dl A dotds cheoisie
4 g B G0 Faltilhne the conditons reguin bohy ll'l, e . .
< A F2htot vessel <o ld e o 2rza =onh what of vl follonv s v '
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- 1 ‘ ' ’ ) - Vit sls oy Trom fo o S0 nanan
< i o Chenioes ol cotr=e ot it i ‘
‘V e te R
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firing position ix concerned. beeause the maximum  displacement
from the base course will never be <ueh as to avoid a <ubmarine
which at any thne attains a position on the hase course,

70 Inorder then to reduce the elamee of the enemy predictine 4
future changes of course. or even a prediction as to the base conrse. \‘;
it 1= desirable to make the zigzag extend withont duplication over = /
fong period of time, preferably at least one-half of (he hours durine 3'/,/‘
which it i contemplated zigzagging on any one dav. and the zivzaes /

*o he ~uch that the apparent hase conrse changes at intervals arvine /
srom about JO minutes to 1 hour 20 minutes. The effeer of this w il
he to confuse the enemy submarine as to the hase conrse amnd as to :

\

Fig XX N

et , ji
y
- .
T ype 1:q2aq for | nour ;
L
“r
— t :
|
Fig XA E \ .
= | .
= )
K
AN
!
_/-__ o | Mavgonsng! Raw Come N : \‘\

. . . . . . . \
tatnre clianges of course. Frenre NN indicates the teack of o veeewel ..
for 2 hours 10 mimutes of <neh o zigzac, ‘

s Fhe navieational Tacror witl he redneed <omewhiat by e w e I
Afr}u:ll'llll'v from the base cour<e, hut the dillicaltjes cheonntered by E N
e encmy o predictime fature chanves of conese. or the i COn e -~
won whiclh the zigze o~ consteaceted. will Do <o ierencd e 1o .
warrant the rednetion i sirtaal <peed tposed. ;
. . . rge - » . . L4
Construction of Zigzags with Regard to Sun, Wind, and Sea.
Ry
S Ndditoned factors wineh play an mnporton T AT TIRNITIF IS RN H
suboarime atracios are e conditions of <un chare Dot waned e \
e A Tew rade< swhineh <ubanarines ar ~tupposcd ta follon and wi

abservations fao contirmed e cnven tomdicate thee aportan,
e consideration of thes Foctoran AR TN TN

e
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liring poxition i= concerned. because the maximum displacement
from the base course will never be such a~ to avoid a ~ubmarine
which at any time attaing a position on the hase course,

0. Inorder then to reduce the chance of the enemy predietine
future changes of course, or even a pl'mlit‘liﬂll as to the hase course.
it ix desirable to make the zigzag extend without duplication over a
tong period of times preferably at least one-hall of (he hours durine
which it i contemplated zigzagging on any one day. and the ez
‘o be such that the apparent base course changes at intervals varvine
from about 10 minutes to 1 hour 20 minutes<. The effeet of this will

he to confuse the enemy submarine as (o the ha<e course and as 1o

Fig XX.

Type 11qzaq for ! hour

quXXI.

L

Mov.gatonat Rase Come

tutare changes of course, Freure XXT indieates the teack of o vesscl
for 2 hour< 10 minutes of <neh o Zlerae.

st The navieational factor will be redueed <onmew bt by the wnle
departure from the base conrse, hut the ditlieulties cneount ered by
e enemyon predicting futare changes of conrse. or the hase conp
ipon whiel the A RYATLENE constructed, will he <o Inereased o~ o

warrant the reduetion i virtnal specd aposed.

Construetion of Zigzags with Recard to Sun, Wind, and Sea.

St Additead Tactor< wineh play anmmportaont Dt o <=l

~ubmarine attacks are the conditions of <un elape hehit wand el

cen A ew rodes wHach sabmarmes are <upposed to follow aed wioe b

ab=ervations have contirmed soc oiven to mdioate 1he Hportan e o

e constderation of the<e Tactors ARYATIICS T
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ANALYSIS OF LIGHT., WIND., AND SEA CONDITIONS,

SN2 SeN Gane.

Rure: When clhoiee s /m.\g\-)/;,t'h o subicrrine aill witereds treae e
l'"ll..i'ﬁf'fl.l”ﬂ f”-‘n"f.’r‘l/ f/f.' N,

Reaxox: (ar I the pertscope s shown with eaution . e (re-
quently. but only fora <hort time and but a few inches of it exposed
it can not be scen by any pos<ible means when it is inowater in which
the <un is reflected directly toward the <hip.  Fven the track of
hubhbles will ])l'“lh‘ll)'}‘ not be <een until it i< too Lte 1o avond the
torpedo. e ITnan attack  toward  the =un the clare dazzies
periscope operator. making it diflienlt 1o judee the course, ~peed . ar
distance of the “ii.l!l. The \hi[a appenls as o black <tlhiouctte and the
how wave amnd wake completely vanish in the ahittering water.

MEANS TO AVOID GIVING SUBMARINES THIs ADVANTAGE: Conrse
<hould he such that the bearing of the sun is not within the daneer
angles especially when the <unis low,

83 Larvarm (CesanTrinsss,

Rune: Mtacks at night in ~mooth water from awa<li or ~urlfiee
condition have proven effective,  Clear I\\iji;_flll olTer- NN Favorable
bt conditions for <hot= from the <ubmeroed condinion.

Reasox: With o favorable backeround cwith reference to clomd-
and moons s submarme can o approach on the <urface 1o within 500
vards \\Ililnllt Iwm:‘ ai:‘hlwi, nder these 1':.[]1|1[iu::~ i “llli’ wonld
;)I'nlmfll.\ Be vi=ithle 1000 1o 1500 S ards.

fn twihight attacks w ~ubiarme will endeavor 1o attack on e
<tde away from the hirehs Daelooronnl.

Meass Fo avwnm sesstaress: X adeln (he ewiiise <lonld Te
toward the moon. A morning and evenime twilicht o <o <honld

~tecr =0 that the heht backeromnd cover= the dancer anele. When

noclond v weather heht conditions durme the dan approach tonormal

twhiht condimn- the <ame renonhs apply.

WY AT e A S e s

Rove: oo st b submarine wil wttacl from winnd
w1 p:»--\l.]‘-

Roicasan o tas The periseope movine with the wind ad seq ke
ery littie commotion i the water § pocrnewEpE IO e i

ard will canse a laree amonnt ol Spray even whien o el e

Loy ! [ il ! A kit to witiehward s ey fafie b B ol
b o it than one e leeward l"~[rw|:|H Loraoy o PHEAN
arnpnte~ the wind

Mias< rorwvorn <t msaiese Teas aillbvant avioi- to g i

d abiale Vhe daesan Faoedkomt< tor windw ard ~heddd T peren=ed

Ruece: (o oo Loeht breeze s sabmarine may attack frome either
windward or leeward <ide. I 1he attack = from wimdward., a inl'lwtiu
lired 1= probablv a how <l i from the Jeeward, it probably is a
stern <hot., 7 -

Reasos: Lina licht breeze the <ubmarine will travel with the wind
and =en. therefore, from windwared it swill nse = bow tube<: from
leeward. 11~ ~tern tabe.,

METHOD TO AvolrD v ke Iseep the wittd e =en ahaft the heam
i po=aible,

SO, RTRENGTTE oF WIS SA8p DE.

Revi: A submarine will seldom fire a torpedo when the sea s
tlt';|:| i':l]H]. .

Hl"\‘-ﬂ)\' [« calim =ci pHeri=eope will j_‘l'i]t‘]-;l”_\ he -I:ﬂ“hl!w' helore

the ‘-HIJTH;II'iIM' reaches Hrime rance, and if the THI"N‘liH 1~ HJ-|~:| I ey sk

scen <uflicientlv early 1o be avorded momost o eases,
Rute: Foree of wind 301 and o whiteeap sea presem the most
favarable conditions for submarme attack. ‘
Riasos: o The sca ju=t washes ovel the periscopeal the Tatter s
wit liont masking the view from dhie poriseopee,

~hown <parinelv. and
I i bt AL AT

“]”1\(.__ i Gli”.ll'llIT f“l' Tlli' -‘]”i' Ter Tescons il ze illL' IN'H“'HIJI'-

considerable distanee the perseope Feathier can not be di=timams<hed

i ; = b
Feome this spinill Bienlehne seas, v The silimarme s e v kept an

. | iy, e = ol oapt to
the proper depth fon the attaci do The torpedo |

Brogel,

. . sl Feieh, i1 will i
Ruve: If the wind i~ 5 6 amd the sea moderately rodsh :

) . . . - v torpedo will
diflicult for e <ubmarine 1o tives 1 hedoesc the T" P !
vodhirection \HH':IHI“ to the troueh ol the ~en

i~ it e reaedy lirni

probably come from

Reasox: From anyv other direction !
e witlon <'\|1tw|rl|:‘ e conniny tower or al M-.-Ml | |:|I|_'%‘k'1!“{'”1"|"“‘
of e l?t‘l"\-l“'l“' Ty M-W"“"' 1= ”]'I it I!I"‘?"'M e -," ‘”.‘ _' lﬂl,« .I i
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Considering all the points covered in the diseussion of <pecd,
changes of coursce. and weather and visibility conditions, the followins
conclusions are reached:

Every endeavor shonld be made to inerease the speed of all
vessels when passing throueh the dancer zone.

(h The most illl[ml'l:llll merease 1n ‘\,)('l‘(i i that at about the
submerced speed of the submarine: e 7 1o 9 knots,

Zigragging 1s i some respects disadvantageons, in that the
chances of being sighted are inereased and the dancer areas inereased.

(f) The advantages of zigzageing, due to the interference with the
submarine’s caleulations for reaching position desived for the attack
and for firig, outweich the disadvantages,

b In zigzageing laree changes of course are disadvantaceons a-
h\ making such the danger area is increased and the time within the
danger zone inereased.

(17 That changes of course should be made at ivrecular time inter-

valz=o which should not he mueh less than the time required fora direet
attack from ahead or much more than the time required for the
normal attack from Ilw limiting position.  Faor speed of <hip 120 and
submerged speed of submarine, these times are, minimum 10 minutes
maximum 20 minutes.

() That the chanees of course must he sulliciently Liree to canse a
material error in the caleulations of the submarine’s commander
The angle l'l‘l|il.ll'l'l| should nor be Tess than 200 o aver 10, exeepl
that if ehanges are made at intervals of time not ereater than one
half the maximum time imterval for the speed inuse. 100 chances may
be made.

fon That nview of the possibility that o submarine mayv he able
to predict changes e coneses and 1o dotermine the base conrse o
a series ol several observations when the zagzac i~ duphicated cach
Bones this practiee should he abolishied and the mgzag <o constrineted
that no two succees<ive honrs are <imilar,

[ order to make the determmation of the base conpre s
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1 apprarent Brit=ee o= IH-I.M-_[' Faneed ot mirervals varving [eromn 10
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