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DEPTH-CHARGE PROBLEMS. 

Lieu tenant Commander H. H . F ROST, United States Nai:y . 

In 0. N . I. Publicittion No . 44, " Gcrm1tn Submarine Attacks" i t wa!'; seen that Germans use four stnnd nrd 
torpedo sho ts : 

1. D irect bow shot . 
2. D irect s tern shot. 
:3_ 90° angled bow shot on parallel courses. 
4. 90° angled s tern sho t on opposite cow·scs . 

As in other pnrts of the subject of naval tactics it is neither possible nor desira.ble to lay down Jrnrd and fas t 
rules for the depth-ch a1-gc attack. A s tudy of a gren.t numher of actual s itua tions will r esult in th e deduction of 
s everal general principles regarding th e attack. Once these pr inciples a.re nrnster ecl a dcpth-cha.r O'e doctrine 
can be_ laid _down. This c~n b_e followed in a m ajority of the :ic tua.l s i tuations wh ich m ay b e cx;ected . I n 
some s1tua t1ons, how~ver, 1t will ~10t apply and th en the ('Ommn.nding o fliccr must fall h nck u pon his g encr n.l 
knowledge of th e suhJect and dcc1clc on the spot as to the best m 0nsurcs to tn kc. 

I t would be il. trcmenclous undertaking to presen t all th e actunl si tuations wh ich mio-ht be r easonably 
nxpectcd in actual practice. The submarine, as we have seen, n1n .r fire i1 t least four stn ndm·d 

0
shots; i t m ay b e a 

l JB -hoat with a small t urning circle of 200 m eters, a U-boat with one of 400 meters, or a converted rner 
can t~c s~bmarine with one of probn.hl_y 500 m eters . T he Yessel m aking t he clep th-ch a.rgc attack may have n. 
turnmg cll"cle of from 200 to 800 yards and a sp eed from 10 to 30 knots. Tho s ubmarine m n._y a ttack from on the 
bow, from on the be,1m, or from on tho qun.r ter. As this p ap er is pr im ar ily written for the offi.cers of the A mcr
ic~n P a trol D cbchmcnt, co~posctl of y ach ts, gunboR.ts, nncl cruisers, the vessel making th e depth-charge n ttack 
will be nssumcrl to b e a cruiser of 15 kno ts speed and a turning circle of 600 ym·cls; her l eng th is assumed to be 
300 fec t . The s ubm arines which m ay be expected in the wa tors co-.;-orwl b y th e detachment arc the large con 
vcrted subm~rincs of the U-Dou tschln.nd type; i t is assumed t lrn L their m aximum submerged s1wnd is 0 knots 
and t hn. t theu- Lurning circle submerged is 500 yar ds : tha t t h oi.r length is 210 feet . 

Twnlve ty pical si tun.tions wi.U be consi<lcrecl ; the submarine w ill be assumc,cl to ·fi.re each of the four stnndnI"d 

shots in turn from firing posit ions bron cl on th e how, on the bea m, a nd on tho quar tor of tho target -.;-csscl. . Firing 
~-angcs of 400 and 500 yn.rcls will b e used. In e11ch r.asc i t will b e assum ed t.lrnt a submarine exposes i ts periscope 
rn a favornblo firing position ; that the commander is able to fi re a torpedo n.t the tn.rget vessel on a correct course 
at t l~e expiration of 15 s econds; t ha t a t t his instim t h e lowor::i his p eriscope aga.in n.nd j,, abl0 to conuncr_i-00 

m ukrng any ch ange of course and speed which seems m os t desirn.hl<': nothing furt,hnr is seen of tlw snhrnnrino 
for the dumtion of the problem- fi ve m inutes . 

It is assumed tha t the lookouts on the target vessel see tho periscope a t the ins tnn L when i t is fi rst exposed: 
tha t the shi p m ay comm ence u,ny m n.n euver at the expirntion of 15 scconch; - that is , n.t t ho instmlt the tor pedo 
is fired from tho s ubm1trinc. rr h is ins tan t is considered as zero minu tes of th o problem nncl the timm; of flll ev-e.nts 
which occm· lrttcr nrn r eferred to i t . 

In all tho problems 11 n umber of courses are plotted for tho submar ine a nd t he ship. The course consider ed 
bes t is m arked : " First course for s ubmarine" or " F irst course for ship ." Tho second best com-so is marked 
"Second course for submar ine." T ho p osi t ions of the ship nr c plo t ted a t h alf-minu te intorvuls. D opth ch 11-r~es 
arc n.ssurned to be inv11riahly effective n.t a dis t ance of 70 feet and cir,cles drawn with this distnnco as 11 r a clnis 
indicate the danger ar eas of 1111 depth ~h arges dropped . The figure inside the circle ind icntcs the dep th at which 
the explosion occur,,, while the figures alongside tho circle indica te the timo in minutes tu1cl seconds after . tl:~ 
b eginning of the problem nt which the charge explodes. The p osition of tho subm11ri no is plot.tod whoncvC'r i t J::, 

wi th in several hundred yards of dep th-ch arge explosions . 
The 12 spncial cnscls will now b e cons iclerocl. 
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CASE I . 

DIRECT BOW SHOT FROM 500 YARDS ON THE BEAM. 

SUBMARINE. 

A direct bo\\· shot from about this position will _p robably be the most frequent of all torpedo shots. It is, 
however, only a m?der~tely good sho_t._ T he "track angle"-the angle between the course of the torpedo and 
the course of the sl11p- 1s a good one; i t is about 75°, which is specially recommended by the German instructions. 
The r3:nge-500 yards-is rather great, as it allows the target ship about 34 seconds in which i t can maneuver 
to avoid the torpedo. The submarine is moderately secure against depth charge counterattack. 

Ge1:man sub marine commanders have, according to their instructions, two courses of action open to them 
after firmg a torpedo : 

1. To submerge immediately to 148 feet and run for 15 minutes. 
2. To watch the resul ts of the shot, observe the counter moves of the target vessel and then submerge 

to 148 feet for 15 minutes . 
If it can be assumed that the submarine commander can expose his periscope so skillfully that it can not 

be seen by the lookouts on the target ship- who will be specially alert after the torpedo has been sighted-then 
the second course of action has great advantages. If the target ship is missed and it turns to the right, a second 
torpedo can be fired, probably an angled stern shot. If the target vessel is seen to ttli'n to the left, then all the 
submarine has to do is to turn to the right, thus completely avoiding a depth charge attack. However, it seems 
that it would be extremely improbable for a submarine to repeatedly expose its periscope at 500 yards range 
without being sighted by a well-organized lookout system, such as that used in the vessels of the detachment. 
While, therefore, some extremel.v skillful commanders may observe the shot- for example, one submarine 
commander claims to have avoided 200 depth charges in· this way- it seems that the great majority would 
submerge immediately to 148 feet after firing at a man-of-war. While the speed of the submarine, while going 
to this depth, is not given in the German instructions, i t would seem that their spirit implies that the submarine 
gain this depth as <]Uickly as possible ; therefore a h igh speed will probably be used. 

After the clepLh of 148 feet is reached, the submarine has, in general, two courses of action open to it: 
l. '1.'o nm at very slo"· speed .so as to keep within the turning circle of the target vessel. 
2. To run at full speed so as to get outside the turning circle as soon as possible and to gain the 

greatest start possible on the t arget ship before it can tmn around. 
The first method may look excellent on paper; in actual practice it is, however, not so gootl. The attacking 

-.;-essel will probably drop a circle of depth charges around the submarine. ·while a skillful commander may be 
abl.e to keep near the center of the circle and thus avoid coming within the certain effective radius of a charge, 
it is certain that severnl charges at least will explode within 200 to 300 yards of him. Some of these are very 
liable to cause slight material damage and at least to hurt the morale of the crew. It requires great resolution 
to await without making a move the attack of the enemy. The morale of the crew will be much higher if the 
vessel is proceelling at high speed in an attempt to avoid the attack. 

In all search problems the chances of success are greatest immediately after the instant when the object 
of the search was last definitely located. As the area in which the enemy may be is that of a circle with an 
increasing rn.dius, aml as this area increases with the square of the radius, it follows that the chances of success 
decrease grcatl:r as the time interval, since the object, of the search was last located, increases- perhaps as the 
square of this time interval. Thus at d10 end of a two-holll· search the chances of success a_re perhaps only one
foU1·tlt what they were at the end of the first hour. If.the submarine can then run at high speed on_a course 
away from the attacking vessel so that it can not possibl_y be overtaken by it for about four miuutes, an inesti
mable advantage will be gained. If the attacking vessel uses a form of the retiring search, it will be necessa_ry 
for it to estimate the sp eed of the submarine. An error in the estimate of onl_y l knot an hour will cause _a m~ss 
of the depth charge of about 132 yards after an interval of four minutes. If a 2-knot error is :made this nuss 
\\·ill be 264 yard:; thus ai,7ino- the submarine practical immuniLy from attack. It will therefore appear that the 

' 0 0 1 . 
submarine should nm at a high speed for at lea.st five minutes. After th.is period he may expect t he nttac nng 
vessel to use listening devices and may therefore slow to 2 lrn~ts for the rest of Lhe 15 minute run. . 

Now we must consideT what the most desirable course 1s fo r the submarine commander. He will assume 
that it is probahle or at least ve1·y possible th_at the ship will tun~ to the rigb t, ,\·hi~h. i~ considered the usual 
procedure for a mrtn-of-wat· :findino- a submarine on her beam. Even the rnero poss1b1hty of s uch u, mo:'e on 
the part of the target vessel ,,ill p~·event_a ro?ve_of t?e submarin_e ~o the right, _as it would lead to pract1c~ly 
certain destruction should the vessel turn m tb,1s direct10n. Thus it 1s extremely 1mprohabk that the submanne 
will employ the sixth course of action, as shown in the sketch. All t he five other c?1u·ses ar~ moderately g~od 
ones . The fifth is, however, probably a little more dangerou~ than the other: four as 1t may brmg the submarine 
in three and a half minutes into a danger area should the ship tmn to tho right. 'l'he fourth course looks ,-er.v 
nice on paper; however, it will not be so good in actual practice as there is considerable danger in deliberntely 
s taying inside the turning circle; it is , therefore, n?t so probable as th~ first three courdc~. These Me all_ nearly 
equally satisfactory, but the first is considered slightly the best, as 1t pre_,7ents the ship from o,erto,kmg the 
submarine until after four and a half mirrutes have elap~ecl, no matter which way the target vessel turns. 1t 
also accords with the German instructions, which are to turn on an opposite course to thnt of the target. 
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SHIP. 

In decidino- upon the best course of action for th e 1 · • • • · f view: 0 s up we must m n.ke our examrnat10n from two pornts o 

1. Defensive-what com-se will offer the best ch anc f ·d· h d ?. 
2. Offen'sive-wha t course w ill offer the be t 1 es o_ ~vo_i rng t e .torpe o '. 

attack i s Cln.nces of IDJun ng the sub mar ine m th e d ep th ch nrgc 

Of these two points of v iew the offensive m t 1 . 
tha t a submarine will .

1
Jway~ fu· , a t 1 h ~ a ways predommatc, especially as i t can no t be assumed 

, "' e orpec o w en 1t expos · t · • • · · · 1 
the defensive m ust alwavs be consideI· d d . · e: 1 s pen scope m i t firmg pos1t10n, bu t ncYcr th c ess 

. .. c_ an given clue weight. 
In this case the two courses of flct1011 arc turns to th .· h . . · 

retiring search being steered nf ter the turn has been com e u g t and left, a cours? sm~1lar to tl tat uscll m t he 
a 50 I)er cent chance of h ittino- if the sh· t · _Pletccl. A torpedo fired as m this problem h as probably 

"' . ip con mues on i ts com-s If . h . l . . 
the position mai·ked " ?g Secs " 1·s ·n 1 1 th e.. i t turns to t c n g1t the slup, ns shown m 

~ . , 1 1eary esamep ' t' • 
thouo-h i t procccdccl straio-ht ahead T l 1 · f 

1 
. osi 1011 with reference to the course of t he torped o as 

s till be about 50 J'>er cent' Sho;ld.tl: 
1
hc_cltan~cs O utting, _should the ship turn to the r ight , will therefore 

· 10 s 1P urn to the left t · · · h f 1 
will be considerably chancrcd and the co , f th h ' . , 1 s pos1t10n wi t re erencc to tho torped o's t rac.: 
h 

o urse o c s ip will make l 11 300 . l ·1 f 
t e torpedo. The chances of hitting will th . f . 1 . ' an ang e as sma as . wit 1 t 10 course o 
about 15 p er cent A turn to the lef t h a ti eie/1 0 

)C considerably reducecl by a t urn to th o left, p robably to 
Should the firin_o- ~-ano-e be crrentcr the cl::11 tereofolr~ 11

. vory _dccidecl advantage from the d efcns iYo point of v iew 
· b O O 

" ' ' ces uttmo- will be l d ·11 b l f l h uld it o less the advantage of a turn in this direction will b . rec uce sti m ore ya o t- 1~nd tmn; s o . 
yards the~·e will be practically no ch:rnce of avoiclino- to; considerably less. ~hen the range 1s as short as 3 00 

Lookmg at the s ituation fro m the offensive . t f ~edocs by m ancuvermg. 
most probable courses for tho submarine rat! _porn °_ view, we sec that a turn to the left will cover tho thr ee 
also be better, should tlw submar 'nc tn.L-c tll flCI stol 

01101 
arrd therefore better than a turn t o the right. I t will 

I t ill 1 , ' , '- e 01u· 1 course altho h 1 L • • 1 1 l 
·w not, )C so o-ood as a rio-ht-hand turn • th ' ug even t ien t nis will not )e proper y coYcr cc . 

11 hil h o . o m c case of the fi fth d ·11 1· a , w o t c righ t turn will cover the com~ f tl courso an w 1 not cover the s ixt 1 course a t 
however , v ery sligh L, unless the command;~ ~~=u~~ ,:.~ The chances of tho subrrrnrinc tak ing this course ar e, 
turn ?.V thn ship would expose it to a torpcd h t ' tch the resul ts of the sh ot. I n this case a r ight-hand 
turn 1s considered bes t from the offcnsi·~c' ? st of l~t th0 closes t range. E vcry thin" cons iclcrocl, the loft-hand 

Tl f . . . , , pom o v iew "' 
. _ 1cre ore, it is decided tha t, tho left-hand turn- f: . . . . . 

offensively and should be made ill cl tl h u-st com-so for sh1p - 1s the bes t both d cfcnsffoly n.ncl 
b . . . .t ep 1 c aro-es ar t - . . 

ogmnmg a t 3-00 nftcr t ho bc<Yi im ino- of tl bol · 0 so at loO feet and dropped at half-minu te inter vals 
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CASE II. 

DIRECT STERN SHOT FROM 400 YARDS ON THE BEAM. 

SUBMARINE. 
This is probably the bes t of all shots for the submarine. It is a simple s traight shot without angle fire. 

The range could be slightly shor ter, b u t still there should be a 75 p er cent ch ance of tho torpedo h itting. The 
submarine is practically immune from depth charge coun tera ttack. 

T he submarine commander car: not estima te wi th certainty as to whethor the ship will t urn to tho righ t 
oi· the left. H owever , as the range 1s so close that there is little chance of avoiding the torpedo b y m nn euver iucr 
the probab ility is strong that tho sh ip will turn to the r ight, as this course h as nll th o ndvantages from an offensi;~ 
point of view. 

However, in this_ cnse it nrn, t tc1-s little to tho submar ine commander wh1tt course the ship tak es. By tm·ning 
on to a course opposite to that of the t~rget- betwcon the fa-st and second com-ses for submarine as plo tted
and continuing a t full speed th? submarm e can not he over taken until o,er m ore than fi,c m inutes h ave elapsed 
and esc11pc is pract ically ccr tam . It would seem almos t cer tain tha t th e submarine would take th is com-so of 
action . The third and fourth com-ses are fairly good and tho fif th com-so would be excellen t if the submarine 
commander could wa tch the r esults of his shot and sec th e ship turn to th e right . O therwise, i t would b e very 
da ngerous, ns there would be a poss ibility of th e ship turning to tho loft. T he six th an d seventh courses arc out 
of tho question, unless the submnrinc commander secs the sh ip turn to the lef t . In nil cases the submarin e 
commn.n<l<'l· will unclou btcclly run a t h igh speed for at lenst fo-c min utes. 

SHIP. 

In th is cnse there is a n impor tan t clifforonce from Case I. The sub marine is at a rnngo of 400 yards instead 
of 500 yards 11s in that case. In fact , the stern of the submar ine, from which poin t the torpedo is fired , is only 
about 330 yards <l is tan t . At th is range there is very little ch a nce to a.void the torpedo by m nnc1n-ering . T here
ore, from th e defens ive p oint of v iew, ther e is prnc t icnlly no a cln,ntngc of turning to tho left rath er thun to 
tho r ight. 

F rom t he offensive point of view a turn to the right has n,ll the advantages. A tu rn to the righ t brings the 
sh ip into nn nrcn. in wh ich the submarine may be expected nfter n two-minutes' run, while n. four-minu tes' run 
is required for 11 left turn. The r igh t-hand turn also covers for m or e possible courses of action for the submarine 
th an the lof t-hand turn. T he only real decision r equircc\ is ns to whether a ,, iclo course liko tho second course 
or a cour-sc considerably in~ide of this, as the first com-so, sh ould bo used. Tho outer course co,Ttll'S excollontly 
th e third, four t h, s ix th , and scvenLh courses for tho submar ine, but docs not cover tho first com-so. T he inner 
com-so covers the seventh course fairly well, the s ixth com-se poorly, tho third nnd fourth com'Ses moderately 
well, but i t covers the first course, which is more important than all tho com-ses con1red by th e ou ter turn together . 
Therefore th o innor turn is considered th e b etter. 

In this cnsc there is litLlo to choose between the t hroe com'::!es from the defensivo point of viow. From t he 
offensive point of view the inner r igh t course-first com-so for ship- is rocomm cndocl. 
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CASE III. 
ANGLED BOW SHOT FROM 400 YARDS ON THE BEAM. 

SUBMARINE. 

This shot rnay be expected quite frequently. It is used by the Germans when they get in too close in making 
the usual attack for the direct bow shot. It is only a moderately good shot. The parallax due to the turning 
circle of the torpedo increases t he difficulties of the submarine commllJlder and reduces somewhat the chances 
of hittincr. While the range could be somewh at shorter the target ship has not a very great chance of avoiding 
the torp:do by maneuvering . The position of the submarine makes it extremely difficult to avoid a depth
charge attack. 

The submarine may expect with almost certainty a move of the ship to the right, as it h as su ch an excellent 
opportunity for the depth-charge attack. A move to the left by the submarine is out of the question, as it 
would run directly into the ship. The fifth course is likmvise dangerous, as the ship making any form of a right
hand turn will come very close to it before two minutes have expired. The fourth course is very dangerous 
if the ship should turn in a 600-800 yard circle tlu·ough 180°- a very probable maneuver. The second course 
is likewise bad for this reason. Everything considered the :first course of action seems the hest. The submarine 
will run at high speed , probably averaging 7½ knots. 

SHIP. 

While tl1e subrna.rine is but 400 yards distant, the torpedo will be slowed down so dw·ing i ts 90° turn 
that it would probably require about 29 seconds to reach the target, should the latter proceed on a s traight 
course. In this time the target will h ave considerable chances of escapi11g the torpedo hy maneuvering jf a 
left turn is made. It is, however, not quite so n ecessary to maneuver to avoid the torpedo in the case of an 
angled shot as in th:it of a direct shot, us the torpedo will not be so accurately directed. Still, there is a decided 
advantage from the defensive point of view in turning to the left. 

When vi ewed from the offensive side, it is evident that a left, tum will prevent any depth-charge attack 
whatever. A turn to the right will offer an unparalleled opportunity for carrying out n. depth-charge attack, 
which covers all possible moves of the enemy. If the enemy proceeds at high speed he has practically no ch ance 
of escaping. If he slows down a circle of depth charges will be dropped around him at short dis tances. 

While the loft turn has defensive advantages, the r ight turn hns such ovenvhclming offensive advnntages 
that it should most decidedly be used. 

(7) 
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CASE IV. 

ANGLED STERN SHOT FROM 400 YARDS ON THE BEAM . 

SUBMARINE. 
Thls is a most excellent and effective shot. The track of the torpedo being nearly at righ t angles to that 

of the ship, and the run of the torpedo being very short, the target vessel has very little chance of avoiding the 
torpedo by maneuvering. T~e sub~arine is practically. immune from cle~t~-.charge attack. The first course 
and courses slightly to the right of it offer the submarme almost a cer tainty of escape, as the ship can not 
overtake it until well over five minutes have elapsed. All other courses are much inferior. The fourth comse 
is an attractive one, but there is a possibility of clanger in the case of the target vessel stopping. 

SHIP. 
As the torpedo track angle is practically 90°, it makes little clifferenc_e from the defensive point of view 

which way the ship turns . . From the offensive point of view the turn to the right seems rather the better, 
although in this case there is no satisfactory move for the ship to make. If the submarine keeps on an opposite 
course, in accordance with the German Instructions, there is practically no chance of inflicting damage on it . 
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CASE V. 

DIRECT BOW SHOT FROM 500 YARDS ON THE BOW. 

SUBMARINE. 
This is the most unsatisfactory shot of all t he 12 cases to be considered. If t he ship turns toward the sub

marine, there is little chance of hitting i t with the torpedo. In addition, the submarine has practically no chance 
of escaping the depth-charge attack. 

It is evident that the submarine must turn either to right or left immediately if it is to have any chance 
of escape at all. Examining the distances of the submarine from the depth charge explosion at 1- 07, it will 
be seen that a move to the left is slightly the better. After the submarine has turned to the left for about one 
minute, the best course seems to be to turn to the righ t, steadying on the :fast course, as shown in the sketch, 
or steering rather to tho right of i t . The second and third courses are manifestly unsatisfactory . 

SHIP. 
A turn of the ship to the left will place it in practically t he same position w-ith reference to the track of the 

torpedo as though it had proceeded straight ahead, and i t will also present tho entire broadside to the torpedo. 
A move in this direction will therefore be worse than to keep a steady course. A move to the right will probably 
reduce the chances of the torpedo hitting to about 10 per cent, as the ship will be nearly bows on to t he course of 
the torpedo. From the defensive point of view this is therefore the best com se. 

From the offensive point of view it is evident that the right t urn offer s a remarkable opportunity for a 
successful depth-charge attack. The first charge should be dropped at 45 seconds and the second one at 1 
minute. A Y-gun could be fired very advantageously at this time. For the r est of the problem the course of 
the ship should follow tho usual track for the r etiring search. 

(11) 
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CASE VI. 

DIRECT STERN SHOT FROM 500 YARDS ON THE BOW. 

SUBMARINE. 
The submarine's position is so far forward of the target 's beam that this shot is a very unfavorable one. 

This situation will occur very rarely in actual practice. The target vessel has an excellent opportunity to avoid 
the torpedo by maneuvering . . • The submarine, however, has an excellent chance to escape the depth-charge 
attack, and therefore this shot is far better t han a direct bow shot fired from the same position. 

The submarine may expect the ship to almost cer tainly tmn to the right. The submarine may turn to
the right or left or proceed straight ahead on its original course. The ship can cover only about one-half of 
the possible courses of the submarine, and the problem is therefore largely a guessing contest between the two· 
commanders. The submarine commander will most probably guess that the ship commander ·will run the 
retiring search so as to cover left-hand tm·ns :first , as shown in the second course for the ship. Therefore a right 
turn through 180°, as shown in the first course for the submarine, would give him probably a little better chanc8' 
of escape. All the other courses arc, however, nearly equally good. 

SHIP. 
From both the defensive and offensive points of view it is perfectly eviden t that the ship must turn to the

r ight. After that it is a question as to w~e~her left or right hand _turns of the submarine should be covered. 
While it is largely a matter of guesswork, 1t 1s suggested that tho n ght-hand turns of the submarine should be 
covered and that the first course for the ship is the best. The ship h_as very small chances of delivering an, 
effective depth-charge attack in this situation. 

(13) 
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CASE VII. 

ANGLED BOW SHOT FROM 500 YARDS ON THE BOW. 

SUBMARINE. 
This is a very unfavorable shot for the submarine and will be used very rarely . The target vessel bus an 

excellent chance to a".'oid the torpe~o by maneuvering. The submarine is in a position from which depth charge 
attack will be very difficult to avoid, as the ship may make a retiring search so as to cover ull courses for the 
submarine. The best course for the submarine would seem that which will delay the approach of the attacking 
vessel into effective range of the submarine as long us possible. This course is a turn of about 225° to the right, 
shown in the sketch as the first course for the submarine. 

SHIP- f . d ff . A J' • f Both de ens1ve an o ens1ve considerations demand a turn of the ship to the righ t . .tUter turnmg or 

3o seconds, the ship can then turn to the left on to the original course of the ship and run the retiring search 
as shown in the sketch . A very effective depth char (J'e attack can be made and the chances are extremely good 
of actually sinking the submarine. b 

(15) 
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CASE VIII. 

ANGLED STERN SHOT FROM 500 YARDS ON THE BOW. 

SUBMARINE. 
This is a moderately good shot for the submarine; while the target vessel has an opportunity of avoiding 

the tor pedo by mane;1vering, the sub~n.rine i tself is practically secure against dep th charge attack. A_s the 
ship will almost cert~1nly turn to the righ t an~ take up the usual retiring search, a turn of the ~ubmarme to
the right through 90 -first course for submarine-would seem to be the b est course. If the ship makes the 
full r etiring search, as sh own in the third course for ship, the submarine will escape easily . I t will be in danger
only when the ship cu ts well inside th e full course as shown in the first course for the ship . 

SHIP-
The ship should cer tainly turn to the r ight and run a r etiring search. The only question is as to wh ether-

a course which will cover accurately the fifth, fourth, and third courses of the submarine should be run , as the 
third course for the ship, or one, like the first course, which covers these three courses only r oughly, but do~s 
cov-er t he more probable first and second courses. The second course is a compromise between t he two. It 1s 
suggested that the fu'St courae con t11,ins gr eater chances of success. 

(17) 

--,n;;cLASSIFIT{i?----
AuthPrit) C, D (0 ~ O/ l 

---------- -, J 



/ 
- -----

/ 

~-22 ' 
"SecondCour..re~ 

:/orSt/.6marine 1l}~ 

hr.rl'Cou,rJe 
/br 5u0/77ar/ne 

/i~tCou.rse '', 
rorSft/p ', 

18 

~2-22 

2·22 

~eYen~ Co~.r..,re 
:,0,r $o-~/,>76',-?"he 

'.?-s.2 

\ 
\ 

9?MQ?v~ 
,:i,--f#.64'>a~.,;""" 

\ . 

CASE IX. 

DIRECT _BOW SHOT FROM 500 YARDS ON THE QUARTER. 

SUBMARINE. 
This shot is au unfavorable one for the submarine. The torpedo will have to travel 800 yards before reach-

ing the target and as the track angle is only abou t 30 degrees, there _is a very small chance of its hitting. The 
submarine bas, however, a moderately good chance of escape. It will be very difficult for the submarine com
mander to estimate the direction in which the ship will turn. A turn to the right for the submarine-comses 
five through eight-will, however, lead into an extremely dangerous area should the ship turn to t he right. A 
sli<Yht turn to the left- fourth coursc-h_as apparent advantages, but would be dangerous, should the ship stop 
or~low down as the result of a torpedo hit .. The fast course will delay the possibility of danger until after a :five 
minutes' run, and would therefore seem to be the best, a-S an error of even 1 lmot in the estimate of the sub
m arine's speed would cause the depth charges to miss by 165 yards, even though a course which was otherwiso 
perfect was steered by the ship . . 

SB.IPA turn of the ship to the right will place the ship nearly broadside on to the track of the torpedo and will 
therefore give the submarine a far greater chance of hitting than if the ship h ad kept on a steady course. A 
turn to the left, however, will give the ship a practical certainty of avoiding the shot. This move is then ex
tremely desirable from the defensive point of view. 

A right turn will cover perfectly all courses of the submarine involving a turn to the right and will also cover 
the firs t course for the submarine. It will not, however, cover any courses of the submarine between the :first 
and second, which are extremely probable ones. A turn of the ship to the left will not cover any right tw-ns of 
the submarine, but will cover all left turns between the first and third courses. No course of t he ship- except 
stopping, whic~ is manifestly imprac~icable_-covei:s the fom:th course for the submarine. The r ight_ and left 
turns for the ship are, from the offensive pomt of view, practically equally advantageous. The defensive value 
of the left turn inclines us to the belief that this is the best course. 

(19) 
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CASE X. 

DIRECT STERN SHOT FROM 400 YARDS ON THE QUARTER. 

SUBMARINE. 
This shot has few chances of hitting. On the other hand, the submarine has a certain method of escape by 

proceeding on her original course at full speed. 

sHIPFrom the defensive point of view the left turn for the ship has all the advantages. The offensive viewpoint 
. this situation deserves little consideration, as there is practically no chance of coming within a reasonable 
lll nge of the submarine. Left and right turns for the ship have about equal advantages for the depth charge 
:tack. The left turn is therefore decidedly the better. 

(21) 
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CASE XI. 

ANGLED BOW SHOT FROM 400 YARDS ON THE QUARTER. 

SUBMARINE. 

This shot has only ,,mull chances of hitting should the ship steer a straight cour::;e. However, should th e 
ship turn to the right for the depth-char ge attack, these chances arc considerably increased. The submarine 
h as only moderat ely good chances of e3cape, because the ship is in an excellent posi tion to take up the retiring 
search by means of a right turn. A left turn for the submarine, or a righ t turn through only 90°, will be very 
dangerous for the submal'ine, ~nd a _ turn to the righ~ through 180_0 would appear decidedly the best course, 
as this will prevent the suhmarme bemg o,ertaken until after five mmute.s' run. 

SHIP. 
Fro111 the J efen ,;i ve poin t of view i t i,, evident that a left turn has all the advantages. A move cfu·ectly 

ahead for one m!uute without change_ of c~urse will also be excellent from this viewpoint . A r igh t t urn will 
introduce n, cons1deraule danger of berng hi t by the tor pedo. H owever, as the t orpedo requires a 600 yar ds" 
run to reach the ship in this case and as an angled shot is rather difficult to direct, the chunce of being hit 
probably does uo t exceed 15 per cent . Also, as the submarine has gained such an unfavornble firing position,. 
her commanding officer is probably not specially efficien t . 

From the ofl'onsive point of Yiew a left turn for tho ship is impossible. Even a r igh t-hand t m n after proceed
friCT one minute 0 11 tho original course- to aYoiu the tor pedo-has so few chances o-f success that i t is hardly 
w;rth making. This course is plotted as the t hircl course for the ship. The only course having any offensivo
possibilities is ~n immed_iate righ~ turn. After _ this is n:ade there ar e t:vo_ courses open-a full cow 'Se like t he 
econ.cl course for the slup or an mner comse like the fu'St course. This mner com'Se c0Ye1'S moderately well ill the courses of the submarine. The outer com se fails to cover the first and second com"Ses, but covers t he 

seventh, fourth, nnd thii-d courses much bet.tor t han the inner cow.'Se does. From the offensive viewpoint the
firs t course is therefore the best . 

Our decision t herefore r ests between two alternatives: 
l. A left turn which will avoid the torpedo but will m ake depth-charge attack impossible. 
2. !\. right turn- fu-st course- which will introduce a chance of being torpedoed but will allow a 

good depth-charge attack to be made. 
Tho offcw,ive always predominates over the defensive. The righ t turn should therefore be made, accepting 

tho ch an ce of darnagr to yourself in order to damage the enemy . 
(23) 
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CASE xn. 
ANGLED STERN SHOT FROM 400 YARDS -ON THE QUARTER. 

SUBMARINE. 
While the subma.riue hns a very small chance of making a tor pedo hit, i t has an aLnost certain escape. 

If it steadies on _a cour~e 01~posite to that of tho target vessel, it can not be overtaken until after five minu_tes 
b elapsed, after wl11ch mterval a depth-charge n.ttn.ek has very few chances of success. The subrnarme-

_av-en!lnder will be able to estimate that tho ship will almost certainly turn to the left. A tmn of the sub
corn~ne thi·ouo-h 180° either rio-ht or left-second and third courses-will therefore be attractive. They are. n1ar1 ° 0 

• , 

I .,.,,01. not so i:;afe as the firs t course, which the submn.rme commander will almost certainly make. 1O-we v ' 

SHIP- · 1 ff' . . . 1 It It is up parent from both dofensrve anc o ensIYe v10_wp~mts t mt a left turn has all the advantages. 

1 kl therefore be most certainly made. 'l'he only quo3t10n 1s as to whether a full retiring search track should 
s ].OU • . d l . d cl ' . be foliowed- firn_t com·se-or wbet~er an rnner course-seem:~ or_ t Hr course--shoul~ be \lse . As m any cnse 
i t will be irnp?ss1ble t o cover .. the first course four thed suballmarme, 1t would seem better m t~1s case to cover some 

es effectively than to attempt to cover n. a.n re Y cover n one. The first course 1s therefore suggested 
cours b . b. . . 

b ein (J' the est m t 1s s1tuat1O11. 
as t> (25) 
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• CONCLUSIONS . 

SUBMARINE. 
(a) OFFENSIVE. 

1. The best firing position is one slightly forward of the target's beam, s uch that the tr:1ck :111glo will b0 
n early 90°. Wl1en tho track angle is less thr111 60° or more than 120° the chances of hitting with a torpedo 
nre very g reat,ly reduced. 

2 . The r n.ngo s hould bo as short as possible, but should not be decreased below 200 yards. At 300 yards, 
the trirgct mtn not maneuver to avoid tho shot; at ,.100 yards, it hns a slight chnnce to avoid the torpedo; at 
500, n foir clwncc: and at 600 or over an excellent chance. 

(b) DEFENSIVE. 
I. 'l'o nvoid cloptl1 ch nrgc attnck after fu·ing th o torpedo, tho submarine should bo ns far nft as possible 

• th rcfcrcnco to tho tnrget. 
wi 2 _ .A stern shot is fo r safer thn n n bow shot. 

~3. Aftt'r firing, the submnrino will submerge to 150 foot and run 11!, h igh speed for :1t lenst 5 minutes. 
4 _ The suhmnrino commander will nssumo that tho target vessel will make either n right h nncl or left hnnd 

turn :incl run n retirin_g senrch, clropping cleJ~th chnr~es at frequent ~ntervnls . . . 
5 _ If tlin s uhmnnne hns a snfo course, ll'rospect,iye of any rioss1blc cou rse of nctwn o-f tho lnrgot.. the s uh

-110 commander will steer this course. (Cases Il, IV, X , XII.) m nn . . . 
6 _ I{ thr !,argot Yc-sscl has one course so much better Lhnn all tltt' rest, that it, will nlmos t c:erln inly be taken, 

t l s ubmnrinn will s teer such a course as \\·ill n:voicl tho target vessel altogether, if this is possible. or ns will 
~elcnsL delay as long as possible close contact with it. (Cnscs V, VII VIII, XL) 

u 7_ If su,·ornl courses of tho target vessel arc pract.icnlly equally good, tho submarine will stcor n course 
l ·c]t will delay close contnct with the tnrgct vossol ns long ns l)O ·siblc assnrnino- there wore several of tlwsc " ' 1.1 . • ' ::-.,, • -ssols which could follow snnultancously ench of tho nearly satisfactory cour:,es . (C'a cs I , \ I, IX.) 

-ve s. I n gcncrnl , Lho course will be within 45° of being opposiLo the origi1rnl course of the ti1rgrt. 
(c) OFFENSIVE AN~ DEFENSIVE. 

l . The offensive role predomina tes unt,il tho Lorpedo is ffred; after thnt the dcfensiYc. 
2. Tho submarine will n,Ltempt lo fire from n posi tion b ot.ween 200 nnd :-mo yn rcls from tho target anrl 11bout, 

2 oinLs forw11rd of Lhc bcnm. 
p 3. If practicable, a stern sh ot will be fired. 

4 . AHer fu·ing , Llw submarine will submerge Lo 150 :foot 1111d n m at high speed on t1 course which is gcncrnlly 
opposite to t,!10 original course of tho targot. 

SHlP. 
(a) DEFENSIVE .. ' . . . . . . . 

1_ Tho ship 8 ht>sL maneuver lor nYotdmg tho torpedo 1s a chnngo of course in tho clm'dton wluch "-ill 
t quickly bring LhC' ship on n <'Olll -e which is parallel or opposite lo Urn t of the torpedo. In gl'nC'rn1 this. 

mos " 11 tur n towm·<I tho snbmarinn when it, is loss thn.n 70° on tlw bow nlHl 11 t,urn awnv "-hon more. moan., · · 0 l 80° 1 1 · · ls L · ') Whon tho :mbmanno 1s bot,"·<'en 60 anc < on t1c )OW nnd tho rnnge 1s less t,hnn 300 ran · L 1oro 1s 
;~ in n,l,lempting to aYoid tho Lorpedo by maneuvering . The chances increase ns the hC'nring differs from 70° 

no lu s t,lio rnnO'c inc-rcnsC's . vYhenc,~<'r oillrnr tho range is ovor 500 y11rds or Lho bcnrin!! difl'Ns hy :rn° from tho fl,11( il "' . . · '' ' 
lnrd of 70° 011 th<' bow tho chnnccs of nv0Hl111g tho Lorpedo nro rnm,t, excellent. st,rt ll( f b · 1 · · 1· · · ti :3. \,Vhonnn11· there 11rn chnnccs o cs::11po ~ m11ncu:·cnn? ).f n lurn m tho n ght c 1rect1on, 11 Lmn 1n 10 
·to <l ir<'elion will consiclcrahlr incr<'aso tho n sk of bc,1ng h it, ove1· tlwt ,vhich would bn run should tho vrssol oppOSI · 

proceed on it s tl'ndy eo1u·s1•. 

(b) OFFENSIVE. . _ . . . . . , ' _ . 
1. The mosL pfl oct1vo courso 1s on(' wluch will covo1 quickly nnd thornughly as nwn,v us poss1hk of tll<I most, 

probnblo courses of tho submnrine h_,· the retiring so11rch method. 

c) OFFENSIVE AND DEFENSIVE. . . . . . 
( 1. It is ,·er.v importnnl for t,lw slup conurn~ndor to ftx ns 1tcour11lol.,· 11s po s1hlo tho bo11r111g, d1:=.tnncos. 11nd 

Of th<' suhnrnrine unrl dctormine if poss1blr, whether or not a torp<'do hns h11C'n fir('(!. c:ourso ' ' ' (27) 
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2. He must then by a quick estimaL~-b~scd upon n.n intensive study of depth-charge problnms in t.hc past

d ecide upon which way to turn. In tlus estimate he must, cons iclor tho following : 

I. Whether or n ot a torpedo has been fired. 

II. Its chan ces of hitting if the vessel proceeds on n steady course. 

III. How much these chances will_ be deercnsc~l or incrcasc~l br right and lcfL Lurns. 

IV. What the chances are of makmg an cffcct1vn depth chnro-c aLtack by right. and left t lll'ns . 

V . That the offensive should ahvays prcdom i na t.c ov·ci· the clcfcns ivc u nless there is prnctically no 

chance of making an effective depth charge a ttaek 0 1. unless th;
1 

ehnnccs :ire prn.cticnlly equnl 
with right and left. lumd turns. 

3. Wh ile t,urning he m us t make an es t imate as to t.he mos t probrtble courses of the submari ne nnd run 

such a retiring search that the greatest, number of these courses will he covered as quickly 11nd us thoroughly 

as possible. D epth charges should ho dropped at ,ibouL one-half-minute intervals for about 5 minutes, when

ever there is a possibility of tlw submarine' being w ithin effective r1111gc, set. for t,hc culculnt,cd depth of the 
submarine. 
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