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The articles contained in this pamphlet are mostly reprints of publications the
editions of which are exhausted. They have been revised as far as necessary in order
to make them conform to the most recent instructions issued by the department.
Nothing in them is to be considered as an order; they are to be regarded solely as
circulars containing information that may be of use. The information contained

in this pamphlet is couﬁdential.
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SUBMARINES.

MILITARY CHARACTERISTICS—TACTICAL USE—
METHODS OF DEFENSE AGAINST THEM.

By Commander LUEE McNameE, United States Navy.

(Revised by the Burean of Ordnance, October, 1917.)

DEFINITIONS.

The term “submarine’” as herein employed is defined as a vessel of war de-
signed to operate either on the surface or completely submerged and having as
its principal weapon of offense the automobile torpedo.

Originally vessels of this type were divided into two classes, ‘‘submarines”
and “submersibles.”” Those terms arose with the building of the first Labeuf
submarine, the Narval. She was called o “submersible,” as distinguished from
the French submarines of that period. The distinguishing features of a submer-
sible were (1) two methods of propulsion, (2) a great reserve of buoyancy in the
light condition, while “submarines’’ had only a single method of propulsion (elec-
tric) and 3 to 5 per cent reserve buoyancy. The two types to-day have merged
into one. We do, however, have single-hull submarines and double-hull sub-
marines that are sometimes distinguished in the service by the terms “submarines”
and “submersibles.” In addition it may be stated that the so-called “submersi-
ble” has a ship-shaped form of hull somewhat like that of a torpedo boat, while
the “submarine’’ is generally of the spindle form, the cross section being a circle,
with a nonwatertight deck built on top of the spindle.

A submarine is in light condition when all of its water-ballast tanks are empty
and its cruising bridge rigged.

A submarine is in the awash condition when it is sealed up and has only those
water-ballast tanks empty which are habitually kept full when running submerged,
or, in other words, when only the forward, main, and after ballast tanks are empty.
The fore and after trimming tanks and the auxiliary and adjusting tanks are filled
to an exact amount of water, so that when the ballast tanks are filled the sub-
marine will be trimmed for diving without further adjustment. The quantity
of water in the trimming, auxiliary, and adjusting tanks is so small in comparison
with the capacity of the ballast tanks that from all appearances the submarine
is in the light condition; its draft is somewhat increased, but the speed is not mate-
rially reduced. German submarines, however, in the awash condition show only
the conning-tower. In the wwash condition engines are kept running with the
air intake of the engine room open, O the conning-tower hatch open, to supply
air to the crew and engines.
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speed at the expense of submerged speed. British boats (1916) were reported as
having 24.5 knots surface and 8.5 knots submerged speed. Electric storage bat-
teries in our service are of the lead-acid type, either Gould or Exide batteries.
Edison (alkaline) batteries have been used so far only experimentally. For military
reasons batteries should be of a rugged type that will stand charging in a minimum
of time. The engine and the motor power are usually designed so that the batteries
can be charged in six hours after a two-hour discharge, with one engine, or in half
this time using two engines. Increase in battery power at the expense of engine
power would increase this time, which would be highly undesirable. Boats with
two engines have the advantage of mobility while charging their batteries.

(b)) RADIUS OF ACTION.

The table below indicates the radius of action of all submarines now in our
service, under construction or projected. Displacement, speed, armament, and fuel
capacity are also given.

It will be noted that the maximum radius of any submarine is not much in
excess of 3,000 miles. By using fuel for ballast the radius of the “K’’ class could
be increased to about 5,000 miles. The submerged radius at 8.5 knots is about 25
miles. In the “K" class this would be 60 miles at 3 knots and in the “E?” class
about 75 miles at 5 knots. The recommendation of the General Board for fleet
submarines (1915 appropriation) called for: displacement, 1,000; speed surface,
18-20; submerged maximum for batteries, giving radius of 120 miles at 5 knots;
surface radius, 3,000 miles at 14 knots.

The length of cruising radius desirable depends on the type under consideration.
Fleet submarines should have the radius of the fleet. Coast-defense and harbor-
defense submarines are limited in fuel capacity by their size, but it is desirable that
all submarines should have a fuel capacity commensurate with their provision
supply and habitability.

There are many types of the German U-boat. The type most common has
the following reported characteristics:

Displacement, 850 tons; speed, surface 16 knots, submerged 10 knots; radius,
surface 6,000 miles, submerged at 10 knots 70 miles; battery, one 4-inch and one
3-inch; torpedo tubes, four 20-inch. The German admiralty reports a submarine
recently (February, 1917) as having made a voyage of 55 days without touching a
port or receiving supplies. U-boat cruisers, five in number, are reported as of
2,400 tons, three 6-inch guns, and cruising radius of 12,000 miles.

Great Britain has (January 1, 1917) two submarines of 4,000 tons displacement
built for the purpose of extending the cruising radius. The British “E” class, like
the German “U” class, has many types, the most common being of 800 tons and
with practically the same characteristics as the corresponding German “U" boat.
A British boat escorted a troop ship from Australia to Liverpool and return, a
distance of 38,000 miles, without a breakdown.

The requirements of commerce destroying may be expected to lead to an
unheard of cruising radius tor German submarines.

— " PECLASSIFIED

" Authority E ..__LQSQ |




United States ships, Oct. 1,

10

1916—Submarines (Class Sm.).

Speed radius. Armament.
ST = 1 Capacity
| fi tanks
o ue
[ Fuel (¢). (gﬂ”ﬂnS)-
Sub- ——
| merged. | anh- Torpedo |
| | Surface. | m‘(;tﬂ,z,d — tubes.
| rged. Guns. | ‘mor- |__—
i —_ pedoes(i)- y
Normal-
| 1 hour. Full. ! hour. Maximui
I 3 hours, | Cruising.| 3 hours. i
| I

| Disp[ucc-:
| ment (g). | [
ke | Surface,
e |
urjace
et N Rt
: m%;ﬂ:ed. |(‘mising.
et L E U kil O
SR 7 a) IR L ! 50| T
|
L3 (6) TR 15 | 8
e | 170 | 7
B A T, ' |
........................ 240 | 10
& | 273 | 8
e '
.............................. | 288 12 |
oy 337 9.5
................................... 287 | (b) 12.5
5 342 | (b)1C
................................. 330 | (c) 12.2
CETCTRVIA L Jabir dﬂo’ ot
.................. 400 | (d) 12.5
Q=058 Ol Bl " l b i
..................... 375 14
(a0 b ;
.................... | 480 14
e L
..................... 370 14
HEL-g S i u
.................... 3.:38 14
s 434 | 10
..................... 892 14
LB 520 12
S e s U
L, P 548 12
.................. 4it 14
ME] RN i .
..................... 488 13.5
NAg o m h 11:3
.................... . 847 13
Nyt 4{4
................... 331
O[S R e ’
................. 520
QM 6Y e f}i
................. 485 14
smley{gg'- iy ?i
1,106
| %

e = SR I
O 240 TN IR !
' 1.0 110 R P ‘
9
' ! 600 S O s
‘ 4 1,000 19 |ireramevanss
I o
| 4 600 " I PO 2
8 800 - S Y P :
9.5 900 9.5 |oecnncamnnee .
8 1,150 | L7 | P ¢
4|
1 1,900 L 11
9 2,000 < W 4
1 "’}3'{-'; fi ........ i
: 9 27 500 97  lessasaesesn® i
10 ? 10 |eeercowsmees| 1
8 3,500 | 28 [ee-eeoeoet g
: “+
10,5 7| 10.5 |-=semmeens i
85| 3,507 | 255 |.ccc-eeer ’
9.5 ? 9.-2 [ravenvenes -- 1
8. 3,5007 | 05 B | anennren ;
9.5 950 | 9.5 .- 1
8.0 | 3,200 F R DR |
4
0.5 1,680 106 [eesneenes §
8.5 2,500 95,5 [-u-ane- :
IO'J‘ 1‘;(;80 H_).-‘E‘...---—::::: 8
8.5 3,130 95,5 |omaaees ;
10.5 1,680 | 0.5 One 3—511011— 4
8.5 3,150 085 |venmer=o" p
0.5 1,680 10.5 One .’Hn?l-l_ g
85! 3,150 5.5 (aanecen" ]
I 0.5 | 1,680 | 0.5 One 3-111('1'1_ 8
' 85| 3150 |  25.5 .- :
0.5 1,500? 10,5 One 3-1:1%-1'1_ 4
8.5 | 25007 ‘ 055 aeennntt ;
10.5 1,500? | 10.4 one 3-1115’171‘ 4
8.5 2,5007 D55 .ee-eec ﬁ
0.5 g4 | 105 O 3-’I,l?1.l.
85| 3ooor| 265 e é
03| gam| 103 OWHE
85| 30007 | 255 -0 ; 1 ‘é
L 1LB | 1,440 | 115 | Twosne}
9.0 3000 ’ IR

750 €85+
750

1,800 85
1,800

Jy

5,100

6,000 8%
7,830

5 000 885

11

NOTES.,

(a) These vessels are obsolete and of little military value except possibly the moral effect to be derived from their presence
in bays to which they are maore or less confined.

(b) The E-I hasrecently been reengined with 360 total H. P., while originally she had 500 total H. P. She has not standard-
ized with her new engines, so actual full power speed is not known, The value 12.5 K. may be considered as approximately correct
until speed curves have been determined. This speed has been attained on recent runs,

These remarks apply to E-2 except that her new engines have not been installed. She is now out of commission and it is
impracticable to even approximate a date of completion for this vessel.

(e) The T class are not in active service. They are to be reengined with 480 total . P. instead of the original total of 800
TI. P. Their speed with new engines will approximate 12 knots.

(d) The two forward engines of the G-I have been removed, thus reducing power [rom 1,200 to 600 total I, . New speed
will approximate 12.5 knots, This vessel is not in active service, pending delivery of new crank shaits. Date of completion
indefinite. This vessel has but two effeciive torpedo tubes,

(0) This radius is ealeulated upon fuel capacity and consumption. ITowever, the actual radius of all our submarines is
dependent upon other {actors which have yet to be coordinated. The radius of action as given on fuel is very apt to be mislead-
ing, since the storage of lubricating oil Is not balanced with fuel oil, nor has supply of battery water been considered. When
more accurate information is obtained it will ha possible to make a table showing radius for fuel, lubricating oil, battery water, etc.
The radius will necessarily be limited to that secured from the least of the factors (by same reasoning that speed of a fleet is equal
to speed of slowest vessel.

(f) Information relative to these and subsequent vessels based on design data, since reliable actual dataisnot at hand.

(g) In speaking of displacement the Submarine Force and the Bureau of C. & R. invariably refer to surface displacement.
The submerged displacement means nothing unless the surface displacement is known, then submerged displacement minus
surface displacement divided by submerged displacoment multiplied by 100 gives , of huoyancy.

(h) The I—1, 2,3, 4, 9,10, and 11 have been recantly delivered. The M-1 is shortly tobe delivered. Delivery dates of remam-
der of this list are indefinite. Iowever, none of them are expected before the first 01017,

(i) Torpedo tubes and torpedoes= Number of torpedo tubes on boa, and number of torpedoes carried by boat.

(c) RELIABILITY.

Under this heading may be considered (1) safety, (2) seaworthiness, (3)
mechanical efficiency.

(1) Safety.—Submarines of the spindle or single-hull type are built to stand
immersion to a depth of 200 feet; larger boats with double hull, 150 feet. Our
regulations permit in practice only 100 feet. Until the maximum depth is exceeded
there is no difficulty or danger to be anticipated. Beyond that depth the boat is
liable to be crushed in, admitting water at the seams that would cause her to fill
and sink. The maximum depth may be exceeded through carlessness of the steers-
man, improper trim that can not be overcome by the horizontal rudders, too quick
diving especially in long boats where the bow may reach too great a depth before
the boat is straightened up, or lastly due to negative buoyancy caused by injury.
Boats operating in the presence of an enemy would probably carry very little
positive buoyance, as in case of accident or stoppage of the motors it might be
dangerous to come to the surface.

Tn shoal water there is always danger of striking bottom. The consequences
of such an aceident is minimized in a submarine by her great strength of hull.

Another danger is that of collision. The periscopes at best give imperfect
vision for navigation, which defect is greatly increased in thick weather. Boats
totally submerged always run a risk more or less serious in the proximity of other
vessels when they rise to the surface. The risk is either that of being rammed or
rising under a moving vessel.

Storage batteries are a constant source of danger. When charging they give
off hydrogen gas, which needs only admixture with the air to make an explosion
compound that may be set off by a spark from any source. Any sea water coming
in contact with the acid of the batteries generates chlorine gas that would necessitate
the promptest action in coming to the surface to save the crew from asphyxiation.
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(3) Mechanical efficiency.—The machinery of submarines is not in itself
mysterious or complex. IEngines, batteries, motors, compressors, and pumps are
common in other ships and in industrial plants on shore. The restricted space
militates against proper attention and overhaul, and lack of experience in the
personnel detracts from its efficiency. The failure at a critical time of any part
of the machinery may be so serious that all effort is now toward designing the most

rugged types.
(d) HABITABILITY.

~ Submarines are now designed with a view to maintaining the crew without
undue physical stress to t*c limit of both surface and submerged endurance.

The severest test on personnel appears to be that of being towed. Nine days
appears from tests to be near the limit of endurance under average conditions,
though there are records exceeding this. On the other hand, boats operating
under their own power have less difficulty in this respect, though there is reason
to believe that our boats of older types under these conditions can not maintain
efficient crews to the limit of their fuel endurance.

The question of recuperation after a sea trip depends in a great degree upon the
weather encountered and the training of the personnel. Habitability is such an
essential military characteristic that it must be taken into account in determining
displacement even if the increased tonnage is not required for other reasons.

German submarines stay away from their bases from 10 o 20 days. Two weeks
is the average time. After a trip of this character it usually takes about the same
period to overhaul and prepare for another cruise. Overhauling is done by relief
crews, which gives the regular crews time to rest and recuperate.

(¢) COMMUNICATION.

Submarines depend for communication at the surface on visual hand signals,
blinker lights, Very’s night signals, and radio. In submerged condition the sub-
marine bells and Fessenden oscillator are available. Two periscopes are installed
to permit necessary vision when submerged; one of these is for use in steering and
the other for obtaining a view around the horizon. These periscopes are designed
to magnify about one power. The periscope tubes are, in the latest designs, of the
housing telescopic type and electrically operated and controlled. They are usually
installed one forward and one abaft the conning tower and thus afford an enemy
a means of judging of the direction in which the boat is heading. This objection
is obviated in other types by placing them close together.

Undoubtedly the best periscope is the “Goerz.” It is of German invention
and make, and since the breaking out of the European war good periscopes are
difficult to obtain. This difficulty has been severely felt in the British Navy.

The problem of recognition signals is one most difficult of solution. A sub-
marine coming suddenly to the surface is as apt to be a friend as a foe. The British
lotter and number their boats. The Germans, Italians, and Austrians rely on
being able to recognize their own and have given up marking as a measure of secrecy.
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' Against vessels of superior armament the offensive power is the torpedo
Smge most armed vessels have sufficient speed to escape a submerged boat if t]lt;
periscope is sighted outside of torpedo range, the attack must usually be made b
stealth. %

A high surface speed enables the submarine to take advantage of her low hull
and absence of smoke to gain a position ahead of the approaching enemy and then
submerge to await favorable moment for attack. The modern 21-inch torpedo
with which the latest foreign boats are equipped carries probably 500 pounds of
trinitrotoluol. The destruction resulting from. the explosion of such a charge
against any ship’s side would undoubtedly sink her. Our submarines are equipped
with 18-inch torpedoes with explosion charge of T. N. T. of about 250 pounds. '

Experiments are being made with a view of designing a short-range torpedo
of high speed with very heavy charge of explosive. These are probably now in
use abroad. It is said to be possible to design a short-range torpedo of a speed of
45 knots, to carry 1,000 pounds of explosive.

Considering the great strength of hull of the submarine it is possible that pro-
tected by its invisibility it may in the future be used as a ram. With a suitable
bow it might in this way prove a dangerous weapon even when its torpedo supply
is exhausted., It is recalled that the Castine was sunk when accidentally rammed
by a submarine going at a low speed and that the boat itself escaped with very
slight damage. When equipped as a blockade mine layer, as are now many foreign
boats, the submarine will add to its equipment this truly offensive weapon Whjz,h
may have a decisive effect in fleet actions that take place on soundings.

(3) DEFENSIVE POWER.

The defensive power of the submarine is dependent upon submergence which
effectually protects it from gun fire and makes it invisible to the enemy. Com-
pelled to stay on the surface, destruction in the presence of a surface boat of superior

armament would appear inevitable.

The latest submarines in use abroad are reported as having an upper hull
plating of 2 inches and an armored conning tower of 3 inches. It is considered
that such vessels are invulnerable to gun attack of calibers of 3 inches or less.

The submarines of our Navy carry no armor.

The defensive power of invisibility in the submarine is also manifested at
night in the awash condition. The low hull and absence of smoke has enabled
them in tactical exercises to pass through the picket lines without detection.

Submarines when threatened with attack can submerge in from 30 seconds
to 3 minutes and escape either by their submerged speed or by resting on the bottom
till nightfall.

In our Navy the average time of submergence from light conditions is 3 minutes
and in awash condition about 20 seconds less.

Three-inch guns mounted on submarines may be considered as a.defensive
weapon against patrol boats, and the 6-inch guns mounted now on the largest
against destroyers or even light cruisers. i

It is not believed that such guns would ever be used effectively against an

armed vessel if it were possible to escape by submergence.
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TACTICAL USE.

. derlfd}mu?f;icm:iemployment of submarines in time of war might be broadly UO“;
A inerll e general heg,d.mgs of E)ﬁ’ensive and defensive use, but as the bf""sd
when comsida dca-s SR tac!nca] O,ﬁiens“’e, and as the term ““defense’” 1s Gonfusuli
e ered in connection with strategic employment in harbor and €088

¢, 16 15 considered best to treat the subject of tactical use under three different

h .
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should move toward a point that will intersect the enemy’s course, keeping him
under observation, with just enough periscope to escape detection.

When approaching torpedo range, when periscope may be sighted, boats
should submerge entirely and porpoise at intervals for a few seconds to obtain
bearings. Once inside torpedo range periscopes should be kept exposed and all
speed used to close the distance to the minimum before firing. 1f there is but a
single enemy great care should be taken to avoid discovery until the last minute,
as the probability of a hit will be small unless the range is very short. It should
be possible for a submarine to get within 200 yards before firing. If the enemy
is in formation his ability to escape is much less and the chance of a hit is much
oreater. As the danger of periscopes being destroyed by the concentrated fire of
the enemy is also great, boats would be justified in firing torpedaoes at a greater
range, but they should close as rapidly as possible and continue to fire until tor-
pedoes were exhausted.

It will be difficult for a group of submerged boats to coordinate an attack as
there will be risk of collision. Such risk must be taken, and boats by keeping a
sharp lookout for other periscopes and ringing the submarine bell continuously
may reduce the danger to a minimum. ‘

Having fired their torpedoes, boats should submerge totally, and reload their
tubes if they have spare torpedoes. During the period of reloading they should
run at such depths as would enable them to pass under the enemy’s vessels; or if
the depth of water permits, they can rest on the bottom till the reload is finished.
It is important that selected zones should afford sufficient depth of water to per-
mit submarines to lie on the bottom without danger of collision with deep-draft
surface vessels.

When reloaded, boats should return to the surface and resume the attack.
All means of offense being exhausted, the group should return to the harbor sub-
merged or under cover of darkness. The tender should be ready to replenish
torpedoes and recharge batteries.

The tactics employed at night are the same as that for surface boats. If
bright moonlight, submerged work is possible and highly effective. Under such
conditions the tactics would be the same as those described, except that periscopes
would be kept up continuously.

COAST-DEFENSE SUBMARINES.

The distinction between a coast-defense and a harbor-defense submarine
lies in the former’s greater submerged and surface endurance, greater speed, and
superior habitability. All submarines in our service not classed as harbor-defense
boats may be regarded as coast-defense submarines. Taking our “D” boats as
the most inferior of this class, we find that they have a demonstrated radius of
about 1,000 miles and are solf-sustaining for a period of about 10 days. Their
submerged radius is 35 miles at 8 knots and about 75 miles at 5 knots. Their
torpedo armament consists of four 18-inch tubes in the bow capable of taking
any 18-inch torpedo now in service.
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In considering the tactics of coast-defense submarines it is assumed that they
would be concentrated in groups at certain bases on the coast. On information
from shore stations or scouts that the enemy has appeared approaching our coast:
the group or groups nearest would proceed to intercept, using highest reliable
surface F.’Reed (10 kn_ots for “D” class and about 11 ktmtsjfﬂl' “i ¥ class).
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a mined field with the difference that the submarines being mobile can assist in
the necessary maneuvers. If we consider a fleet speed of 16 knots and submerged
submarine speed of 12 knots we have a combined speed of 28 knots available on
opposite courses for changing the bearing of the group from its own battle line.

In the surface condition if the boats have a speed of 16 knots, there is a total
speed of 32 knots available for this purpose.

A submarine may be sighted in the awash condition at a distance of 12 miles.
By keeping on the oflside abreast of their own ships they could keep concealed
much longer but would be equally delayed in getting into action. It would seem
wise then when two fleets are seeking action and are in scout contact that the sub-
marines should be advanced to battle ranges about 15,000 yards in the direction
of the enemy. The commander in chief with the assistance of the group com-
mander should maneuver his forces in such a way that the bearing of the enemy
from the flagship would always pass through the group; with 32 knots speed avail-
able for this purpose and boats still awash such maneuvers would be simple.

A group of destroyers, one for every three boats, should accompany them to
act as observers and communicating vessels. When the enemy vessels are made
out by the destroyers the submarines should submerge, periscopes up, and follow
the motions of the destroyers which should still maneuver to keep them on the
enemy bearing from the commander in chief’s flagship. If the enemy desires to
attack, it will be necessary for him eventually to approach the submarine area.
No signals should be permitted except that destroyers might hoist a number indi-
cating the range of the enemy and his direction. These might be read through
periscopes. The utmost care should be observed to insure that the enemy does
not sight a periscope until the moment for attack arrives. This signal could be
made with the oscillator when the enemy is within torpedo range, when all boats
advance at full speed, periscopes up. Outside of 6,000 yards there is no chance of
seeing a periscope. Within that range an occasional porpoise of a few seconds would
give small chance for discovery.

With boats paralleling the enemy’s formation, each ahead and on the bow of
its target, and the range at time of driving home the attack, 2,000 yards or less,
the chance of success would seem very great.

The above tactics, while apparently defensive in character, are really offensive,
since they involve only maneuvers necessary to bring about the submarine attack.

In any tactical situation there is usually a position of advantage to be gained
by maneuvers, which, if necessary, should be fought for. This advantage may
have reference to sun, spray, smoke, or silhouette. A fleet with submarines,
knowing the probable intentions of the enemy in i:,];%is regaﬂ!, may be able to antici-
pate his movement toward a certain area and ut%hze the time during approach to
place a group of submarines in position to meet him, .

Fleets meeting for battle are sure to be forced into column, once gun-fire
ranges are reached. It should not be impossible for a faster force to maneuver in
such a way as to bring the enemy into column at a.predeterm:med position. If
groups of destroyers are placed across the path of this column in such a manner
that they will confront the enemy steaming on courses parallel to our line and in

L CLASSIFIED
pECLA
' Authority_ﬁ.‘ 5)_0_5_0I

e e T

i




5
|
r
|

000-yard torped
small, byt thpe oes,

0s

e ab(s)a;;d t:md ahead will likely
teer €St maneuver i 1

away. An attempt to dj a safe course pyq uver is to keep
hazardous, B R ol pqzzsﬂile gessel i thoul furnies
It may shortly p : A =S under the keel would be
& submerged SPBegi 0? 12385?}1]1)5)1;0 s Submaring
lators extending to g height, of x filisummg that sych g b‘:)‘;l;&ble of maintaining
5 fee would have venti-

t; J abov
to a depth of 20 feot and still he able to ?1\ Ane hull, she might in battle submerge

.[f we assu . raw of
me a flee : aw air for
t1n action accompanied by 3¢ :CICOIHbUStIOn from the surface.

a position of comparative « e nle
the decisive momffnt pc’isvse tﬁfstyloglt Isengage ;1(: (:)?ills, tll)]ey Sl
Wt ‘ough the ; 1¢ battleships and ab

possible that another opagt ¢ Marine have 1, :
both the British and gézi;ﬁeet action may Colltai(:flgll lmt d‘unly realized, and it is
marines in the Jutland battlen Commanderg regres th(; lgl?sréi% Ift 11;1 1-.ep;)rted th;t

] “ice o elr large sub-

METHODS OF prppy

; SE A
We will consider GAINST SUBMARINES,

: ethodg of d
ages; (2) Singl efense 3
o ,( i )POT t;g z T:;egsels, armed anq lmarmuill(-lel the heads of (1) Ports and anchor-
P s anchom‘ggs._ln AT ed; (3) Vessels in formation; (4) General.
: , safe ports ang anchorage e to afford a refuge for vessels to repair
naval operations would he g Culg S Must be provided. Without safety in port,
been brought forward i e t and commerce impossible. Many devices have
are known and others stj]] ke tplesent war to accomplish this end, some of which
treatment to satisfy its peculji&iecrat. Each harbor or anchorage requires a special
nots, mines, and active e needs, but the defense usu%]ly consists of hoomg
" vessels. In addition, batteries mounted ’
and seaplanes are frequently employed unted on shore
Booms are effective in denying surf :
This applies to submarines i h'yh Ay muimncs i 4
. PP k es I hght condition, Nets for this
wire c.able.ﬁ inch to 154 inches in diameter, with about a 12
made in suitable lengths from 600 to 1,500 feet and of a de -ﬂ
can not pass under them. The ends are supported b % 1
the net taken by buoys or barrels secured at points inys o

harbor at night.
Purpose are of heavy
-foot megh, They are
such that a submarine
0ys and the weight of
ufficient numbers to sup-

21

port the weight. Heavy moorings, 2,000 pounds or over, hold the ends of the net

in position.

A gate, usually tended by a tug to haul aside one end of the net, permits passage
for friendly vessels.

Mines moored at different depths to cover any possible depth of submergence
of the submarine are very effective. Unless controlled they are dangerous to
friendly vessels that may be out of their course, and are liable to go adrift in bad
weather.

German submarines are fitted to lay mines and carry from 12 to 24. These
are frequently laid in the approaches to harbors or off the mouths of navigable
rivers. The latest type have a clock device for regulating the time that the mine
watches. The mine field is arranged in groups with several time settings, usually
two hours apart. It is very difficult for mine sweepers to be sure that they have
them all. A constant service of effective mine sweepers appears to be the only
protection against this menace.

Whatever defense is used the service of patrol vessels, day and night, is neces-
sary to preserve the integrity of the defenses against an enemy who will be active
in attempts to remove or destroy them. Submarines caught in a net may escape
if not promptly dealt with by the patrol boats. The type of net described, how-
ever, is designed more to prevent submarines entering a harbor than as a means of
catching them.

Batteries mounted on shore with searchlights are a good safeguard against

night surface operations. A submarine in shoal water can be readily detected and

followed by an aeroplane. i '
(2) Single vessels (armed).—A single vessel sighting a submarine should open

five at once and maneuver to avoid torpedoes. If the submarine bears more than
six points on the bow and within 1,000 yards the ship should turn away. If the
torpedo can be seen it will probably be best avoided by backing, since it was prob-
ably fired on the estimated speed of the ship.

If the submarine is within six points of the bow, greatest safety will likely be
found in heading directly toward it and endeavoring to ram. To insure his own
safety he will likely keep his periscope out of water so as to see to maneuver. In
any case the smallest target will be presented to him and if the torpedo has been
fired a skillful use of the helm may enable the ship to avoid it.

The position of the submarine relative to the ship should be plotted and the
vessel maneuvered to pass outside of any position circle that the boat may reach

in any elapsed time. )
hing any area where submarines may be expected

Merchant vessels approac D § 0 cpect
alified by keen vision, experience, and reliability

should have lookouts especially qu . . ience,
stationed in the tops and in the eyes of the ship. A high position is favorable for

sighting distant boats before they become.uwash or submerge and I?W POSiti_OnS
» detecting boats that are in the intermediate

for obtaining a sky background for ;
zone 6 to O miles away and particularly hard to detect against a sea background
when seen from a high position. No chances should be taken. It should be as-
sumed that a German torpedo has a range of 10,000 yards and the ship maneuverec
to keep outside that range from any position the submarine could reach.
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darkness. Each boat is on the alert to open fire the instant the periscope is sighted.
Whenever a patrol vessel has reason to suppose she is over the submerged location
of o submarine—and effort should be made to reach such a position—she should
drop one or more depth charges. It may be possible that the submarine has re-
mained near the spot where first sighted and is resting on the bottom awaiting
darkness. Tt is most probable that it will proceed slowly while deeply submerged
to a distance of but a few miles and then await darkness to escape. If the micro-
phone is installed it may be used by either the submarine or the patrol. The sound
of propellers can be heard through the water a great distance by the use of this
instrument. The receiver or a number of them is immersed in some position out-
side of the boat. Specially trained men can detect the peculiar noise of a submarine
propeller and also the hum of the electric motors. The allies at present are reported
as using a number of blind men for this purpose—their sense of hearing being psua]ly
highly developed. It is possible to tell not only the proximity of a submarine but
its approximate direction.

Itis reported that a number of German submarines have been sunk by destroyers
because of the noise the Diesel engines make when they come to the surface at night
On a calm ntight; or to leeward this noise can be heard for miles.
A destroyer drifting along at slow speed hears the noise, malkes for it, and when near
turns on the searchlight and opens fire. It mu.st be }'elllembel'e(l, however, that
submarines having two engines can charge batteries while under way on.the‘surfac.e
in the daytime. Submarines in any case will always e.ndeavo'r to maintain their
batteries fully charged and will usually have ample opportunity to charge them
while lying to or patrolling in daylight. Only after a Prolong(id subnlel'ged run,
as after being chased, will it be necessary to charge at night. Steam turbines are
not open to the objection of noise and this has been uscdlns an argument for their
substitution for Diesel engines in several navies. The English, French, and Japanese
all have some boats operated by steam. ; : i

The class of submarines usually found in shoal waters and in the vicinity of
harbors are of a small type, reported to be 80 or 90 feet in length. These boats
are better adapted to work around nets and mines and have been successful in reach-
ing inner harbors, such as Boulogne and Cherbourg, and did much damage. Small

patrol boats would be most effective against this type. Aﬂ}_’ sul?marine that could
olled on account of its size to operate only

to charge batteries.

in the steamer lanes well offshore.
SINGLE VESSELS—UNARMED.

nse against submarines will consist in high speed,
tion of unusual routes, invisibility at a distance,
marine by vigilant lookouts, and in

For unarmed vessels, defe
frequent changes of course, selectior R
use of a smoke screen, timely sighting of su

the last resort of ramming. . A
It is possible that a submarine might be deceived by qualerglmssmoiied on

the bow and stern. If the submarine can be made to remain subme:,rged, the great-

est danger—that from unfire—will be eliminated. : ;
Invgrisibﬂity at a d%stance is important, and freight carriers of moderate ton-

nage could be designed with low freeboard, folding masts, oil engines with no smoke
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d seem

pipes, and exhaust carried under water. Vessels of the whaleback type woul} e
N1gneh

most suited. Speeds should be in excess of 15 knots, and preferably
though this would likely not be advisable on account of reducing cargo SpAT
18 behGYed such a vessel would stand an excellent chance of ]_)‘r"“"“'ing throvE g
submarine blockade undetected.
Ll 21;“01‘;;3 élliparatus, for use both on board and as floating free of |
ard p plied to & number of allied vessels. All United States vessels
fc?alil S;Etz(zl (iciqt:ltlt)al‘md’ anld the purchase of this type of apparatus has L
e h;qv;a?se sdthi'ougl1 the Department of (‘fommerce.
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VESSELS IN FORMATION. pm e
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on the bow, and if the submarine is within 3,000 yards your own or some other

" ship is in danger. A periscope, as a rule, can be seen only 2,500 to 3,000 yards. A

submarine has been seen at a distance of 12 miles, so a distant watch must be kept
as woll as one close-to. If a submarine is seen at distance, ships will be maneuvered
by signal to avoid it. No risks are to be taken. It must be assumed that the
enemy has 10,000-yard torpedoes.

The orders are that there shall be an officer and a signalman aloft and an officer
and six men on each side of the bridge or submarine lookout. They are to be on
watch for one hour only so as not to be tired. In battle, lookouts are kept by crews
and officers of intermediate batteries.

The submarine lookouts also keep a lookout for mines. If one is sighted the
ship will act in the same way as it a submarine was sighted close aboard. If the

fire a Very star into the water—green to

situation permits, orders will be given to
starboard, red to port—close to the ship. Ships will try to sink mines by small-arm

fire. It is not thought that ships of the Grand Fleet ought to be bothered with
mines if cruisers and destroyers are protecting the fleet.

If in line of division columns and both cloumns turn toward a submarine the
one to port must keep clear of the starboard column. It is thought that a 4-point
turn will make a submarine dive.

If in battle formation, it is important not to break the column, and ships must
not turn out to avoid a general submarine attack, but if a torpedo is seen, captains
may alter courses to avoid if, getting back in position as soon as possible.

Eternal vigilance is the price of safety and no chances must be taken. If a
distant submarine is sighted it should be plotted and the ships maneuver so as to

keep out of the danger zone.
GENERAL.

vense against submarines is undoubtedly an energetic
possible means that will compass their destruction.
er is quoted as stating that the greatest danger to

which they were exposed In the English Channel was that of being rammed. They
never knew when they first rose to the surface that there was not some vessel at
hand ready to ram before they could see her and submerge. : He also spoke of the
transportation of British troops across the Channel. He said they were so abso-
lutely enveloped by destroyers that a submarine could not show herself without

being sunk. .
The French submarine Foucault was sunk by an aeroplane. The Austrian

aviator at a height of about 2,400 feet sighted the submarine under water and was
able to follow it. When it came to the surface he started a very steep descent and
opened fire with a machine gun. The submarine replied with an antiaireralt gua,

but was unable to make a hit. The hydroplane continued the descent until it was
able to drop a bomb from an altitude of about 100 feet. It was thought that the
submarine either lacked the necessary time for submersion or was under the impres-
sion that the plane on account of its steep descent was not under control. Small

dirigibles are now in use along the Englisb coast to search for submarines.

The most effective de
offensive against them by every
A German U-boat command
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Trawlers and small steamers are sometimes used as decoys. These vessels
?lc:gceal. submarines that remain awash under their quarter. When an enemy
;lerm;n:edco?es to the swrface to attack the decoy, the hidden submarine sub-
& g .t]lll attacks the enemy at short range with torpedoes. Auxiliary sailing

psthn cor:(;ealqd batteries are also used to delude the enemy.
17 feet i;ﬁ: G%ml;alty design for patrol boats calls for a boat of 120 feet length,
speed is about 2061indmft' i dlspkfcement of 90 tons, constructed of steel. The
sea-keeping qua]itiesots’S}(imuS.1 ng radius large, and so designed as to have excellen?
5-inch guns. The C(;St e: ;)ﬂlltwr.'l'y & crew of about 30 men and will mount twg
of little value, per boat will be about, $80,000. A smaller boat is deem®

Microph i e i
& presenlge Z?e:u?; used in the British anq French Navies as a means of detecting
i S Serieqﬂ;u::}es. The French have found that it is better to have th8

s and trawled over the stern like g patent log. In a ship M0

. . . = S.
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The following formula is of value in determining the pressure, distance, and

weight:
P=3.17W-=

-3

P =pressure in tons.

W =weight in lbs. of explosive.

D =distance in feet.

3.17 is applicable to Cast T. N. T.

For guncotton it would be 2.86. A bomb of 50 pounds of explosive should be
fatal to a submarine at a distance of 25 to 30 feet, producing at 25 feet a pressure
of approximately 1,000 pounds to the square inch, or a pressure of 500 pounds -at

41 feet.

The United States acroplane bombs carry” 50 pounds of T. N. T. The depth
charges are made in two sizes, the light, Mark I, 50 pounds T. i b 'I‘.,_nnd t:he heavy,
Mark II, 300 pounds T. N. T. The effective radius of the latter is estimated as
75-100 feet. The Mark 1 are supplied to all vessels engaged in offensive against
submarines: the Mark IT only to vessels capable of 15 knots speed, as it is dangerous

to the vessel itself to drop at less than that speed. _ » !
The following notes by Licut. Daubin (Dec. 17, 1916} are considered of sufficient

interest at this time to be produced in their entirety: .
NAvY DEPARTMENT,

Bureau or SteEaMm ENGINEERING,
Washington, D. C., December 17, 1916,

Subject: Showing by diagrams the relative offensive '\';111_19 of submarines boats- having di[fe_rem sub-

merged characteristics and indicating how the offensive power and value of our submarines to be

built may he directly increased by increasing the tonnage. or

1. The following is.quoted from a letter July 21, 1916. of the commander submarine force to the
president of the Naval War College: F ORI T ]

A submarine is visible when on the horizon, and for about 3 miles beyond and 3 miles inside of
this point, appearing as a buoy. When a submarine apprnmzhf_}a neajr enough to have a sea backeround
she hecomes invisible and remains so until within about 3 miles of the ohserver. In general, a sub-
marine is visible distant from 12 to 6 miles. To avoid detection it would be necessary to totally sub-
merge before coming within the visible zone, and navigate totally submerged, or only show her

= 4 e LR}
periscope for a few seconds at long intervals.

2. Under favorable conditions for the enemy 2 s o
miles distant. This distance, 12 miles, must be run submerged. It is true there is an invisible zone
stant. ance, 12

for the submarine from 6 to 9 miles from the enemy, but once suhm.erged time \\'ou!d not be taken to '!JIO‘.\'
tanks, etc., and come to the surface, knowing that with-in a fefv minutes an'other dive would be required,
and Imnowing also that the exhaust or noise of the engines of the submarine would be detfzcted by the
enemy. The 12 miles is run at varying speeds, depex}dmg upon the course and speed of the enemy,
the average speed will be about 8.5 knots per hopr. ‘:\’hen within 3 miles of the enemy the st‘ﬂ)marme
makes numerous porpoises to get the exact bearing of the enemy; in all_cven!s the enemy will (llet:e(-t
either the wake oi the periscope before the torpedo can be fired: defection will probably occur in the
average case at 2 miles. The enemy immediately puts her helm over to escape.

3. A submarine’s offensive power depends upon three Ieal.ur:es_:

(¢) Surface speed and radius combined with sea-keeping qualities.

(b) Submerged speed and radius.

(¢) Torpedoes carried and ability to fire them suhmgrged. .
A submarine's defensive power depends upon one feature—(a) submerged speed and radius.

4. A submarine’s surface speed and radius combined with sea-keeping qualities enable her only to
get Within 113 miles of the enemy. The 12 miles must be navigated submerged. The final test of the
submarine’s offensive power to deliver an attack resis entirely upon her submerged characteristics, and
her ability to fire torpedoes submerged when within range of the enemy.

a submarine must submerge when the enemy is 12
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et the attack submerged, whether successful or not, a submarine must have power in her

- _autery to enable her to immediately make attack submerged on another ship of the enemy near by, or

pot";‘ﬂ‘ in her battery to enable her to run submerged and escape, as she can not escape by surface navi-
gation. i

6. To' 11.lust,rate the value of submerged speed and radius, assume two types of submarines with
characteristics as: )

Type P-1: Tonnage about 400 to 500, submer ius simi
Y : ¢ ; ged speed and radius ar  present coast-
defense type, viz, 1 hour at 10.5 knots, or 3 hours at 8.5 knots. e

i jg?—fnf;_z‘ Tonnage about 800 to 900, submerged speed and radius, 1 hour at 12.5 knots, or 6 hours
Assume also— ‘
(a) That each type carries a 30-knot torpedo, range 2,000 vards
() That submarine has submerged 12 miles distant ﬁ-(,ml enpmvl d
speeds, averaging about 8.5 knots per hour, until at a point 2 e
when enemy sights her and attempts to escape. 3
(¢) Speed of enemy, 15 knots.

7. Tig. I, first case, Type P-1. After submarine 1
! c i 1as run sul a7 : & ,
31 per cent of her battery power and can now make 6.4 mi]:lsl ;Tirzgzefgro}olgliles at 8.5 knots she has
; £ 5

carries a torpedo which she can fire, which is goo i ) i
speed 15 knots, having sighted th-e submaring a;l(lf(;za}r?;alij L:coal\):m:m ',1; lg.' : B‘hows t.haf;-th(.a e_nem_}l";
and a torpe_do f{red: that the maximum danger zone for the enemy 0']_ t‘he n? ‘?}Dmached “’1-1,1‘111} 1 m}nr
the submarine is equal to 63° either to the left or right, according to which (?1 L attacking zong o
escape, making a tot_al danger zone, O, equal to 126 °, and the enemy s zo Feckion the enemy 11'110533 )
126°=234°. See Fig. II. Y szone of safety equal to B3, or 360°—

Fig. I, second case, type P-2:

.Aitel' submarine hﬂ.B rmn eree ] for (5] g 2 Knots Bhe hy

Eu];n] g i ¢

I ‘ : ; ‘1_ C 10 mll s at 8.5 ]\I
119 nt of her hattery 1 OWer ‘d[](l can now ]]lal\(“. ]0 ]]llles at s S[le”(l ol

pedo carried for same range and speed as used for type P-1, T 2.5 knots per hour. Tor-

to twice 80° or.160'°, the enemy’s safety zone, B, is reduce d fo ;E‘afi‘zﬂég’;iﬁiﬂger zone, f), is increased
Note that in either case ‘the enemy can be intercepted if she take ._HUO s Fig. TI.

but can not be intercepted if she takes a course within her s‘lféty 7 g
. : T ‘ zone.

8. By the same method as used in Fig. I the danger zone and safety zones f my’s ships of 12

15, 18, and 20 knots were calculated when attacked ¥z or enemy’s ghips of 12,

.‘ 3 by submari : e
][, II‘[’ IV', and V. 1‘01[0“’1115" are the facts S]IOWI) bv these ﬁgu]:;:? of t.‘r pes P-1 and P-2, See T 1g8.

\ akes the approach at varying
miles from the enemy, on ony bearing,

knots per hour. She

hin her danger zone.

When attacked by subma- 1 When attacked by subma-
| rine having 10.5 knots rine having 1 hour at 12,5
| for 1 hour or 3 hours at | knots or 6 hours at g5

Speed of 8.5 knots. kmots.

enemy, — - —
O, danger B,safety 0 danger ! B
zone for zone for zone for zéﬁtﬁff
enemy. | enemy. enemy., enemy.

‘
Degrees. Degrees. Degrees. | Degrecs.
162 198 246 ! 114

126 234 160 200
102 258 | 140 220
76 284 | 95 %5

9. Thus the military value for offense of the submerged characteristics of the two types of sub-

marines is illustrated when operating against enemies of different speeds.

10. But the submarine must have power in her battery after the first attack either to deliver

another attack submerged or to escape. In Fig. I, first case, the attack was delivered at the end of
12 minutes after initial submergence, submarine P-1 has used 59 per cent of her battery power, and

she now has left a radius of 10.4 miles at a speed of 8.5 knots per hour for another attack or to escape-

In Fig. 1, second case, the attack was delivered at the end of 16 minutes, submarine P-2 has used 49

per cent of her battery power, and she now has left a radius of 28 miles at a speed of 8.5 knots per hou*
for another attack or escape. Or, after the altack, submarine P-1, having originally 3 hours at 8.5 kn(?tﬁ_’
or 25.5 miles, has 10.4/25, her original value is equal to 31 per cent, while submarine P-2, having orig¥
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nally 6 hours at 8.5 knots, or 51 miles, has left 28 miles at 8.5 knots, or is equal to 28/25.5, equal 109
per cent, or more than the original value of submarine P-1 for unot_he.r attack. =
11. The following table shows the value of battery power remaining after the original attack:

[ Battery ﬁower remaining after initial attack is made.

‘ 5 1

Speed of  Submarine P-1, | Submarine P-2, | gubmarine | Submarine
nlljmmy. having 1 hour at having 1 hour at P-1, per cent | P-2, per cent

%10‘5 knot: orsig %1235.5}‘ no;.:» o%g of original | of original
ours @ i 0 ; =i

knots. knots. value. | value of P-1

. e

15 | 10.4 mileS.ecouvnes 28 mules l 10
18 | 12.7 miles.. ..| 31 miles 131
20 | 14 mMileS..caeanannn 37 miles 145

12. The foregoing figures and tables illustrate the greater value of suj;marine typfa P_'—2 (800'&‘) ti)t)(l)
fon submarines, submerged speed and radius 1 hour at 12.5'1 knots, or 6 hou:'s at 8.5 knots) 0\,e1t aat
of type P-1 (500-ton submarines, sitbmerged speed and radius 1 hour at 10.0_ knots, or 3 hours a kS.n
knots) for an initial attack upon enemy's ships, and the value of the submarines for another attack or

escape after the initial attack.
13. If submarines with greater submerg

necessary, hence larger submarines. ! 1 |
LT 5 speeds and radii of a submarine should determine the displace-

14. The surface and submerged :

i ir iy L at its 1¢ face speed so many
: tor every B. T P. required to drive the boat at 1t rai‘:ed surface \
T ; llation is to be reliable. Similarly for every

wines and auxiliaries are required, if the insta
%cfuﬁ(.]slf.fr(::(lﬁlli];;il qg(l)tl(lt?v\e the boat at its rated submerged speeds, so many poun.ds Slf ll?:itte.r?' .;md
motor are required. 1f it is attempted to obtain more E. H. P. per pot}nd‘of rlnotorll‘;n hm te;;. .t tl-an
good engineering practice sanctions, an unrel.iable motor ;.md battery w tl_ 1951; f:.‘dlia r;;e;: ?gzgoglsqfs
of the proposed submarines having been dec:deq, the weights of the -011511:10,}1'1;“ d()fp’nnined ;;{wse
batteries to produce the speeds, and function 1'e!mbly, can be determined. Having 3
weights, the tonnage of the vessel can be ascertained. s 5
15. Other considerations affecting the motive power installation, are:
(a) The propeller design.
(b) The engine power for charging the battery.

It is desirable, from an engine viewpoint, to design 2 propeller that will require as few R. P. M.

as possible to drive the boat at its maximum surface speed, 11 order that the required maximum speed

of the engine may be low. Itis common knowledge that slow-sPC(fd machinery i8 195*3‘11&}319 ;‘mei}k
down than high-speed installations. This same pmpeller must drive the boat submerged. e pro-

i G However, the
eller will cavitate quicker submerged, i. e., at & lower spegd, than OTI the surface. i,
Rveight and efﬁcienc;1 of the motor will vary with the R. P. M of t-hf f‘lupellfe;'],l 3111:;3 21111(; ;1?\(;1;; SEIE?;
drive the boat submerged. Itis desirable, then, to have as lllgh.re\;}i u 710;18 oBut sﬁ) C(I: e (;ngiue ible
for submerged work, since the motor will weigh less and be more ef ]clenﬂ. o e i S
be more efficient for surface work the lower the speed of the propeller, the prop g

a compromise. 4 e :

161:: %onsider (b). The engine must not only furnish power for d‘m'lzlhg L!h:t!z?:sonrilre ;ﬁf&f&
but it must also furnish the power for driving the generators to charge 'y eof Jtimé The engire and
reasons the engines must have power to charge the batteries np rln}n]mn; after a 1b-hour disocharcre—
motor power should be such that the batteries can.be charged 1n 51X }?11: ‘ﬁcit g e th;t 3
with one engine—or half this time using two engines. If g ot
weight added to the battery, at the expense of the engine insta

llation, thus reducing the engine power,
ies, risti he submarine
it takes a time longer than six hours to charge the batterlesf} and thf1 ecfl;zl:;ctemtms of ¢ b
become unbalanced; she becomes an ineflicient weapon for offense or y

17. It is obvious then that if greater submerged speed and tadius arehge[}:‘;g;;lé 1t11-1 emfﬁﬁaliﬂd
and hence the weight of the battery must be increaSEd’.ﬂnd o gt Ls : ight of the encri;es
motive power, that is, to insure its availability, the engine POWeL, hence the weigh g

must be increased.

ed characteristics are desired, greater battery power 18

Y ASSIFIED !
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Summing up the above from an engineering standpoint, the following is logical:
(@) Determine the surface and submerged characteristics. . 11 W
(b) For reliability the motive machinery (engines, auxiliaries, motors, and hatteries), W
a certain number of pounds per horsepower, ) A cteristics,
(¢) The military characteristics, i. e., speeds in conjunction with other desired charac L‘] o vessel
hull strength, fuel oil carried, torpedo installation, will then determine the displacement of{L ;C spee
(d) The propeller design must he a compromise hetween that design most suited for surlt
and that most suited for submerged speeds. L.
(¢) The surface and submerged characteristics must be balanced if the submarine i

eigh

as

s to be effectiVe:

ines
: ariné
A : ; . . qeninery, in subm
18. Following are the speeds that may be obtained, with reliable motive macninery,
of various displacements: ———
= e = kA _ — | -
a Sub-
Sub- Sub- oo lact:
Maxi- } [ . nislrlgled merged | merges | I)llilént
mum 7 ; | Maximum | o 0o speed | speed rh{;lnm\* | gurface:
surface | . Normal radius surface. | submerged | in time. | 10 knots | 8.5 knots ‘,qdi'l'lh: | &
speed. ‘ sl radius | radius | If

in time. | in time: |
in time. | in time. | in U | L

_—— ﬁ_ﬁf _____ - . e 900
(r8. | .
Knots. | Enots. Hours.  Hours. = Iours. HMQ‘-’ 1 ﬂ(w’g:li%
15.5 (40000t 12knots. ... \ 12.5 1 3 0.5 24 | 3 000-Trzg)
16.5 | 4,000 at 12 knots 12.5 1 3.3 78 30.5 | ' goo-h*
17.0 | 4,800 at 12 knots | 1251300 | 1 3.6 85 3b |
17.8 | 5,300 at 12 knots | 1251300 J 1 4.5 bl =
L el | | i ' ]
9 i f - igibilit
19. Conclusions as follows are drawn;: riE

gone of v
(@) The surface speed of a submarine enables it to approach the enemy to the z0n¢
distant 12 miles from the enemy, is 41
(b) The zone of visibility must he navigated submerged. 10 miles of E"h'to el
(¢) The power in the hattery must be sufficient for the submarine to run “hunl. od in ord®’
tance at an average speed of 8.5 knots and the last 2 or 3 miles at its maximum spee

. . the
. - i I lor
within torpedo range of the enemy. I another ghip @ :
5 B " . g a '
(d) After the attack there must be power remaining in the hattery to attack ed 0! tt
. e C
submarine to escape submerged. . o4 the suriac® 8P (e
(¢) Depending upon the submerged speed and radius of the submarine an fius ¢
enemy, there is a danger zone for the enemy of a definite number of degrees. 1 speed and ¢ " jeft
(/) This danger zone for the enemy is increased the greater the submergec oW
submarine, he great® : be
(9) The submari fho o adius has also the usb
, . \9) 1he submarine having the greater submerged speed and radit (ot
in herlbattery for another attack submerged or to escape. . ntents and We'o y o
(k) Toincrease the submerged speed and radius, the battery cubical co Jer 10°
increased, increased i o ¢
_ o : 3 incred i » g
() If the battery power is ncreased, the power of the engines must lc)leis also iﬂ"re‘lsfrine 7 ¢
the bfzttery In a minimum length of time; consequently the surface spee " of the gubm? b h#
~ (5) To obtain greater battery and engine power, the displacemen - meﬂurmcf:
increased. kept 10 Whln o %ot &
. “aw = {e
(k) For reliability of the engines the revolutions per minute must Eﬁm full speet © iput® B
» ?;)vc')f[l‘l}lltloﬂs per minute of the propeller submerged must be lower olutions P jor
e w

2 ; rev
eight of the motor for submerged work decreases as the 1ler

ope
propeuer; Bubmerged, increase' f the Pt P ﬁfe

the design ©

(m) Therefore the design of the propeller for suriace work and i 18 Jcnd o
merged work 1nygt be a compromise, and ats thal 12 . splﬂuce
(n) Therefore higher maximum speeds submerged in 1,500-1,600 bo ater the = ge
Present considered impracticable, ’ i e, the BT . gon? by
(0) The greater the submerged speed and radius of the suhnuu_‘m(]%-"(;nem v'8 dang hofi g
;r}ltent fa boat designed with halanced characteristics—the greater 113‘;;1§re valu€- oty aut
e larger the boat, with proper characteristics, the greater the mL1taL . rec

building, at

20. Following i
Congregs,

§ a table showing the submarines built,

31

s aa) : H Natmr
21. When the boats recently authorized by Congress have been commissioned, in 1919, the Navy
will have: 15
Submarines under 570 tons displacement. .. . .. e 8 _]\ : -t .................... _
Submerged characteristics: 1 hour at 10.5 knots; 3 hours at 8.5 knots.
Fleet submarines, 1,106 tons displacement. ... eeeeeeeeenenananansn S
Submerged characteristics: 1 hour at 11.5 knots; 20 hours at 5 knots.
SUbmarines; B00=854 TONS. vmweicmnnionms smismiomeimin b o s e e LB
Submerged characteristics: Y,
One Lake: 1 hour at 11 knots; 4 hours at 8.5 knots.
One BE. B. Co.: 1 hour at 11 knots; 5 hours at 8 knotaﬂ. {
One Government: 2 hours at 11 knots; 6 hours at 8.25 knots. . R
3 i y. I 4 ding:
22. Following are notes on submarines made from the files of O. N. I.: Russia is building

______ 6
350-ton bmts" ________________ 8
T s i e 5
800~900-tonboals..........----------------“"""""""'""”'“: ___________________ Ailog
T1,000-t0m DHOALS. .- ovv e v et Sk e,

Germany is building in large numbers at present submarines hetween 750 and 800 tons.

Her 1917 program calls for 100 submarines.

Her 1918 program calls for 50 submarines.

In-the gummer of 1015 Germenyhads - o 0 SR 10
bt D O 3
1 50atE bOBADD 008, s vonmemimaiippa dbegssssmsnsadnnnion s nn s i S 19
U hoats about 800-1,000 t0N8...euveeeeeeemmmmmmmemmmmmmmaanns i 7

U Bonte about:1 S50 $0H8Lox oo v cmmmiman e siin-me g S PSS BEUR ER i R S G

, Jas : issioning.
Before the end of 1916, 42 more snl;marnu?s were due f_on C(;J__Imiwjndel‘ .v?(](] tons and the 107 remain-
Great Britain has 172 submarines in commission, of which 65 ar
< - &

: = i 700-2,000 tons.
ing are from 725 to 1,300 tons. She is building 17 fleet submarines 1,700-2,

S Sntiae Submerged.
L0 e B TS, W o Cruising
\ v Maximum
lace- dimum Cruising ed and
Class. P Max 1 spce(; and speed
ment. Hpr‘;l%(%l?s]:ld “I:%%':}l:g“ | radius, radius.
e Y
rrrrrr E’nofs AMiles. Knots. | Miles. i e Haur\s‘.‘ i el
) o g ot ey L R e o e ey o3
LSO B Lt S T e A T e L E L O I soefeeenes oilisa 177777800 3
Bitogo. .o 9 {;g 3;5 1 8.0 3
Sltos.., Ll 2o | mo| 1l 00 3
Dltos. 5500 1.0 | 1/ 85 3
Elto3 3500 |0.5-10.5 1, 885 3
Fltoa. 5 500 ‘ 10.5 1] 8.5 3
G1ltod, 3150 | 10.5 1 8.5 3
H1to3. | 3,150 10.5| @ _ | 851 &)
Kltos, 3150 | 105 1| 85 3
Lito4. . | 3150  10.5 | 1 8.5 S
Lato7... [ 8950 105 1, 85 =8
L9to1i. ..l | 8150 | 10.5 1| 85 &
B T Y500 ! 108 ok [ 6
S i G 2500 1.0 s
T e W | 2800 ws] o | & @ 5
NG e e T A 37000 11.0 | 1) 85 20
L R ek 3000 15| LRy 2
35T [ e e | 115 i 5
e[ s s 0 |
e RO N o [t
| 1 8.5 | 3
’ i 1.0 | 2,000  10.5 i 3
1917 prog 560 | 13.5 5;33 o 310 1.0 1 el 2
195 U9 20| 10 2,400 i 1| e 1
- 4. 2, Utu 0 I )
o ’ 16.0 | 1,665 11.3 3 { 12,5 3l &2 6
800 | 16.0 |eae-asn- 1.0 ieeeeees | 11-‘]‘|_ - 41—_  Jeifaad

1 54 minutes i
3 - ; dified to gl
L] %ijgpﬂ‘ﬁe?&gg&lzsf Government 800-ton submarine hﬂifbfﬁ; I"'I;?pe’ R
to 18 Imots. In the absence of trials of actual submg-,r lélzﬁ?mﬁrged'
1 Bour, although the boat will probably make 13 kno

5
-hour speed, submerged, of 12.
v&a éllnlguligatbg‘ rlson.siclared as' only 12.6 knots for
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- R - The torpedoes carriod by German submarines have a range of from 7,000 to
S EMARKS ON SUBMARINES. 4,000 yards and run at speeds varying with the range set. Iach submarine carries
B GENERAL DESCRIPTION OF A GERMAN SUBMARINE. no less than 12 torpedoes. For a short distance the torpedo can be made to go at

a spead of 40 knots an hour. For the maximum range the speed of the torpedo is
seldom over 30 knots. The torpedoes to be fired are kept inside the tubes. It is
but the work of a few moments to adjust the torpedo, close the tube, and fire the
torpedo out of the tube with a charge of compressed air.

The torpedo after leaving the tube runs by means of compressed air stored in
a steel flask inside the shell of the torpedo itself. This air is reduced from 2,250
pounds, the flask pressure, to about 500 pounds, then is heated by an alcohol f.‘la.mc
and mixed with steam raised from a small boiler inside the combustion or mixing
chamber. From here it is led into nozzles and impinges on the blades o;f a tm_'b‘ine
which revolves at high speed or is led through the cylinders of an engine _drnq‘ng
two propellers which turn in opposite directions in order to equalize the sidewise
push of the propeller blades. L

The torpedo is kept at a set depth by means of horizontal 1'11(1(10,1‘5' controll.ad
nd kept straight on 1its

T_he German submarines are wh
there is a centrally
envelope of light s

i is

1 at are known as double-hull vessels; that l’
ocated hull or spindle of heavy steel plating surrounded by
: 2 . ,

teel plating. Between the two platings are compartments I

e

\

| ‘ J | SUBMARINE AWASH
: by appropriate means and regulated by water pressure, a

[ - . y T T
| _ (2) INSIDE TANKS course by means of a vertical rudder connected to a gyro. The tendency ({f. the
| B torpedo to turn is corrected by the gyro through levers acting upon an air-Grivon
‘ which ba]] : SUBMARINE SUBMERGED e piston which works the rudder. g Ao
ast water : nind® r ] e T ’ e om 250 pounds to over 500 pounds
alllipance ater and fuel o] are carried. Tnside the hegyvesteel hull OF spit %, -I.‘he war head or explosive charge varies fro p o Blow it

war achinery, hﬁttery T i - Inside the heavy-stee | o man 1l of high explosive. The torpedo needs only to make a glancing g

el ar » electric motors, tor . \TSONNE 1 .

are located. Ty, ballast ¢ 018, torpedoes, and personn oo W vessel to detonate the explosive charge. :
hold sufficient, allast tanks between the two hulls gre very ‘&:oasys : : I it will usually sink. If a German torpedo is
: b Sea Water whey, - e U s AL Y oh col If a torpedo has missed its mark it will usually o :
en floode as : A gunner’s

t101 - . W - 2 i suveri ar it.
e 01. (1) By ﬂon(ling the tanl .d to bring the submarine to the 2 can Pe de found floating, great care should be exercised in mn.mimémn% 1]201:1]_11 :tis e e
/i Siige c S V11 - re Yy U o]’ f . . . aprow 1 s ) 3
2 hiycd, Permitting th o subm o 11111.11 the heavy hull all buoyancy e walte! mate, by swimming, might manage to unscrew the exploder, 11 o T
1t Practically yy, Weight (- 8Tine to sink to the bottom or just float 1t proceeding. Sinking by gunfire from a distance of not less 1t) 1}111 L?t ) s
&G (2) at all, : safest method. Under no circumstances leave the torpedo before 1t 1s N
or sunk.,
'_j‘: ‘I_I In order to hit a vessel that is underw:
know or estimate within limits the speed and co
| L ¢ ; i “ine’ ;. Frequent changes
. ship is steaming the more difficult becomes the submarme’s tﬁshfﬂ ¢ I;ll igo submm-i%lo
- , T 6 5 4 3 2 1 of the course also tend to upset the caleulations of t-h.0 ti)ll pe 01:,1 i RS o of
| | . e 4 to 6 es, and 1s )
| ‘ Tho gun used by the submarine is about 4 t0 6 In¢ structure deck, one abaft
low velocity and short range. 1t is mounted on the superstruct )

ay with a torpedo the submarine must
| course of the target. The faster the

Kl The insige hul] ; orﬂ’“"dr and one forward of the conning tower. [t houses P nonﬁ;ﬁ?ﬂggh;nsc}lqﬁﬁ
‘ ] it 1 o ] F
’ | e COMpartme, ¢, * divided Into several compartments Bcgimll"g structure. Submarines will frequently submerge mt]]:j the.ogclgcllsuro insures quickly
- L. TOl‘pedn (:01?1 v A e ol g a7 G L By {)gl‘theébgllfughs are carried
. 5 har s al” : ; ori ‘rom 200 to : ' i
‘ ] f Orward battlultlnellt. Torpedo tubes and torpedoes Jiving qu? manning tho guns after omerging. Ko
ol 'S for offin S 'Y com art ’ S ) - ’ o T 1V 2 ! q
: I o " Olficers gng o “*MPATtmeNt: One-half of storage buttery? o B HOW TO RECOGNIZE A GERMAN SUBMARINE.
| i con Operatin em0” . s » surface displacemont. On. the
1 ] ol ang Operate b & compartment. All valves and other arrané (o1 The German submarine is of about 1,000 tm;z il h}())ui'. Wihila endthe
‘ 4 er b A on surfacq or sub ut® surface it can travel at the rate of from 16 to e P 1 to a height of
L] for attar Submerged. . oing 4 . ; . D structure deck 1s exposed T
Cre COMpartment, One-half of battery:; livine surface or in the light condition, 1ts supors The conning tower is about amid-
| 5 Enging oo - SRS Bl sHiage ' wbout 5 foot for a distance of 200 to 225 feet. The g
. 6. M M Diese] apo:
ot el en . a0
. Ti]le(ir r0om: Myiy g (imes, ({Jumps, ete. i3 alf
" Toom - 'S and main \ il — i _
trpedo fypgg . - 1 Some of PUmps. ! — "DECLASSIFIED

)

. . eLU ¢
and the submay Lhi » compal tme 1
tolpedo - ine this after comy Aumm-ny__;___LO_SDJ ‘

" —
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 ships and a :
ppears in two ste
S. .
;b(ri)ut 12 feet.  Two guns afc mF rom the deck to the top of the conning tower i8
b;l one aft. - Theso guns are sho -Euntﬂd on the s“l’f‘»l‘st-ructmﬁ deck on;’ forward
. Z to the stern, Iﬂﬂding o t}ll and of about 4 to 6 inches in C‘llll‘h\"‘ i<‘- n the
ngﬁ both as Short;-mnga radio “9_ top of the conning tower :u:;; t\:_’é'ﬁ_ tm]l(tnwire E
0 masts for Jo : ires and as pr 2 Wy 0
: ng-distan 1 as protection against dracs o
%{iﬂrd side of the overhang ze c;VOIL’ about 35 feet high -11'%\ fst?';)Pdhl]gb llflll(l n::}m'
ey are fi - nd can be raj ) gh, are stepped on the stil~
These (;lud}fd dt?wu before Smeomi;glmscd and lowered from within the boat.
marines h " allg.
the S have tw ol ,
sticklsmn on the starboard sjdg 0'111)01;I l; copes of the housing type, one sticks out from
up from o point forward Jo : —Ionmrd of the conning tower, while the other
1 the top of the conning tower. i The uppor peri-

SCOPQ When u
p shows g ]
8 to 10 fept, ength of from 15 to 20 feet and the lower a length of from

C
APABILITIES OF A GERMAN SUBMARINE

The g
urface radi
o us of t} .
& subma, - 16se vessels is P = )
o rines of this type have maj about 5,000 miles at 10 knots speed:
2 When these bl o P main ballast tanks holding about 210 tons ©
ﬂbperStmcture deck is onl 1{‘) " ed the submarine sinks so that the top of the
5 0ut 30 tons, When thiz il; ﬂOOLIOI{t ;) f water. The auxiliary ballast tank holds
OW any desi : looded the sut i : .
os1r submarine can be T ; to
i _desired amount of the conni submerged in order
.C(.)Ildltlo-ll (lescribed ab : mg tower or can be GOmplt"tOlV submerged-
condition;”” when connjh o tOve with the conning tower exposed is called ““awash
submerge, 1g tower is beneath the surface the submarine is considere

—~ —

T R bl
come awash in one minute and

The submarine in the light condition can be

can completely disappear in 90 seconds.

The submarine on the surface is driven by two Diesel engines, developing

. . . . =]

ab_out 1,400 H. P. each. The air for engine is drawn in through the conning tower
fair water, being conveyed to the inner hull at the top of the engine-room b; a pipe
leading under the superstructure deck. This pipe is closed by a valve lwfm‘( lulb

o i : . ) alve before sub-
merging. The engine exhaust is above and aft on the superstructure

ﬂ 1 _ A 2 N e

he exhaust, except when the engine 'S i
xce . ngine is first started, is colorl

. P 15 [4 g ] rless - )St
s isible. ) ess and alme
Submereed the submarine is driven by ; .
> ged i iy & Ill‘.(J].l hy two electric motors of about 500 H. P.
each. e source of electrical energy is a storage battery of about 280 cells.

. 310 r' : )
ep with a feeling of perfect security. :
hed in the daytmne
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The submerged speeds are:
Full speed about 10 knots. They can maintain this high speed for not

over three hours.
Moderate speed about 8 knots. They can maintain this speed for about

12 hours.
Low speed avout 4 knots. They can maintain this speed for about 36

hours.
Y P, . " . . -
Steerage way about 1% knots. They can maintain this speed for about 72
hours.
air renewal apparatus a submarine of

By means of the air purification and

thi . . .
8 %g)e can remain submerged for four or five
e submarine will be painted a light green color and will be almost invisible

agair - ' : =g )
di; ; 1St _th'?f sea background. When seen against the sky, their silhouette 1s most
ST e i a ¥ .
the ictive.  Lookouts, therefore, should be stationed both as high and as near
' ¥ 3 . . -
water as possible; the former to discover submarines at a distance and the latter

those near by.

days without coming to the surface.

A hi Submarines will endeavor always to keep their storage batteries fully charged
;)f i submerged speed, even for a shert time, takes a great amount of energy out
e t-he battery which can not be restored except by expenditure of several hours

l : i 1 vy , -} I. ¢ 3.
1-llglne charging with the submarine on the surface. Therefore, &.ul')lnm‘mes will
b M submerged at low speeds except in emergencies. While submerglng,llf chased
PR ines Wi at hi e 11 safely under water
ther PReral bof}-t, submarines will run motors at high speed until saf(ih Sl S,

1 will slow in order just to maintain steerage way at a safe depth. Submarl:

has been found impossible

may endeavor i . -
i avor to charge batteries at night, but unless 1 cen
1 the daytime to do tTliS it, is more likctiy that at night they will lie on the bottom,

fathoms, where all hands can go to

DTOv
Soovided. the depth should be from 12 to 25
in clear weather, where

sible in the daytime on

Charoi " , ;
harging batteries will be accomplis
harge batteries

& 200d i .
aego d view of the horizon can always be b
at n?lllltt of large number of patrols, gubmarine ¥
& »
ght or else run out of the danger ared and recharge.
o danger ares W ‘
n in the awash condition can see o a clear

M i . :
Erom g height of 12 feet a gubmarine 1

ad; if not pos
s will be forced to ¢

dt},y:
NP (8 R0 15 to 20 miles away.
ar:e (:fea Btleamer ..................................................... e
t ) G oy DT it e el e A ) : [ ;
] Ptial hoay e s S 4 to 5 miles away
-_-—"—"—-——v-
/-"'ﬁi'; C LASS&! ED J
‘ Au[horil}’,ﬁ‘ 5 __LO_SD I |
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A submarine j
‘ marine i
flooded 1 the awas) -
d—can he cor 1 conditio
: npletely Tl
vessel with g < ly under
el with a speed of 40 nots ((1 the surface in 30 se
S cal - 50 seconds .
! make only two-thirds I;db' In 30 seconds a
S of a mile a mi
a minute, and

in 30 seco
seconds could |
: 1ardly :
seen to dlSﬂPDt‘ﬂ]‘. Y buln E\]ld h('ﬂd f”l' th :
e Su )Ill;“--
me ])(\r“]- =
¢ it would be

that is .
4t 18, with main ballast tanks

VULNERABILITY OF SUR

The only v
tower j'i}l}' vulnerable part of o gy
e - 1his tower is only g R
direct hit in the connine o small

M
ARINE FROM GUNFIRE

all‘in(. in t}
% ne awa -1 :
hart (f Sh ("()ndl‘[. X 3
7 ; tower wi [ 17 RS S the conning
the conning tower is ¢ r will not complotate oo, OF [ water N
. 1s completely Pletely dis water around it A
tight scuttle. It wi ely shut off fp Y disable or siplc G 1o 08
boat can ve a' will, howeyer A rom the inpey } sink the submarine, for
P“riscdp M’I‘bc controlled fl“tm{ bel the ""’Inmnndinu. {]{}lu by means of a water-
H e. To use thi YOW, and gj & Othcer : =

se this s 1d . Cer oat of i ot
feet of tl us latter periscone sight is : of action. The

) he surfae 3 ¢ el1s¢ f=] 5 DOSE; X :
e surface of the wat Detiscope the hogy Possible throueh the forward
In the light conditj ater. BIUSHhe Brovaht e forward
superstructure i 101 the vulnerah] ught within 6 or 8
ture 1s Ilon\vatm-_tigll able part of the b ¢
Doat i X

S at the water line. The

submarine’s water-tight hull b and can he ghot g,
"o ull.  The | * 8hot thy

hes . ough wj

0 ‘\rﬂt(\]- 1' . = 1>

1 ling in wake

0 S ' CO. '
I ¢ C g to ( '
B '10]{5 (024
]

WATER SURFACE
sl
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Inerable self until it can i op-
1l 1t can raise the lon
g
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; ST : h ithi ! A
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probably stop the S 7, Wi #ke o commotion in th o i
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Submarines operating against commerce

and .
has a range of several hundred miles.
r to keep in short radio commu-

ﬁaizzltlilgntil}lted States ports will probably endeavo

vith each other.

& wﬁnstllﬁggﬁl';n(; s%ghted by a patrol boat w.ill probably submerg
Submmviln hefore the patrol bo.nt-‘ can arrive Wit.l}in gun range.

Déitaditant & :38 may operate by divisions n.nd. in pairs. A submarine tender of the
Oﬁsh61;0 ype -nmy accompany them and lie outside of the patrolled areas.

Bont desteestn d_pat-l ols of the larger type should endeavor to locate the tender: "l‘he

iscover tender will be at night when gubmarines are alongside refueling.

o at onco and will

METHOD OF SUBMARINE ATTACK.

A : ’ i
submarine carries a limited number of torpedoes. The largest of the German
ciated that a gubmarine

Su])mnr' : -
Operat.mes is said to carry only 12. It will be appre
ing at a considerablo distance from its base will not use & torpedo unless &

hit j

s : . : : :

ccnvernssuled. The submarine will prefer a station neat where steamship lanes

s g‘_i}) where the dopth is between 30 and 175 feet and about 100 miles from
. During the daytime the submarine will remain awash with periscope up;

obsorver 4 : ith | D
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battery capacity. [t L D0t travel far £y, i ey
(2)'Go to ot sy " s locality i
deep; m and lie there, prov; | e i
» Provided watey i 1, t
S Delween 1() gy
nd 25 fathoms

or even 11 knotg spee
yie S, at a de Peed of ahoyt
It T pth of out § ;
t1s unhke]y that g Submaﬁ»bout 60 to 70 feet_.s knnts, gl'&dllﬂll)" slowing to. 4

submerging ine wi
olud E 18, but probably iy ¢ Will continyg ¢,
e the discover turn thy. ne same ¢
ering rough g ¢ course aftey cnmplctUlY

merging to avo; batrol boat 4y, fairly Jarg,
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and observe with jts lgn“’ﬂl N0t trave] ¢ continuye ir&lﬂtsmm o iy
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To find the submarine, therefore, a con-

12 to 15 - el
5 miles within the next six hours.
fective with systematic search.

oo of sy el st Vil . ot e i o
B8 Hhe -“‘UI"F:!;'(\ u“iu marine \?‘lll not go much be‘yond this mrg-le unless it can do so
large L‘X])L'n(lit{ “*‘l_lfrglliﬂ engine power, unless 1t f-cels that its safety warrants a
taken, for o s llll .n- its bnttvr{r current. After discovery quick action must be
o e to' -i-hl >‘m(li.rmc lnca‘lod in daylight z}ud hu1.1ted by the patrol will be likely
Nt e e .smi:w(\.ﬁ at nightfall and use 1te engines to run out-.of i'.hc- dangerous

iigh speed.  Should the weather be sufficiently smooth it will run awash

with onlv o ; : !
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The followin
g method of procedure ;

: | e 1s su ed:
Y5 i.ﬁl}’)atl 0,1 boat making discovery radjog lgtg it
p / uoy at the spot and remains near it :
enou;;g ,Ruse depth charges at onee i

<. hemainder of patrol hogte i

baelel oats of the divigjoy assemble at once upon patrol

3. Several aeroplanes ;
i order to endeavof ] l(z)bgand Blimpfs to 1

1s within the radiug of operation of thege t
ypes.

4. Several pairs of
troyers wi
drag for submari estroyers with drgeg o :

y e o g at Doy droppeq by g, 1" B the locality and
1Scovering patrol.
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arr icini
TIve af Vicity and 1y net babl
\ § across probable

ali i .
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e sent, up fp

ate SUbl’Hﬁr' p 1
- ne sy !
ovided the distance offshore
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paths of submarine.

traveled in the elapsed time e Biolisblo dis
The patrol boats after :
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Stop engmes and use microphopeg tom:er
The retiring search methods depe(;lndd

It is based upon
an assumption of
able courses. P of subm
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: tirin
AITIVINg in fiyg fon s Creh method

assuming speed
ours on g cire y ASsuming sj

5 miles, remg; le whose radius from the

eavor t:) h a.ln on this cirele until dark.

Upon numim. Submarine’s engines.

arine spep A Of. batrol boats available.
and limited to jts most prob-

thro extreme courses. For instance
will be buoy to Montauk Point and
If aeroplanes discover ang
(a) Patrol boats steer alone
submarine. Keep guns ready tté, oper
e A iy L fir
(b) Trawlers get a position ahegq a
(¢) Tugs take position just nside Ol;
approaching submarine. j
(d) Destroyers drag sweeps inside
marine is brought to the surface.
If aeroplanes can not locate submarine-—
(a) Patrol boats continue retiring search method.
(b) Destroyers start and sweep on most probable course tow
away depending upon the hour dragging begins.
(¢) Trawlers lay nets in a loop between most probable courses
(d) Tugs sweep with net in between nets layed by tréwlér o
Search should continue until dark and even after if ¢, ':S.
that submarine has remained in vicinity., | e
Sublmarine in daytime in clear weather wil] invariably rema; ]
only periscope exposed in the vicinity of patrol vessels %f m]&l'n Sl'lbllner‘ged WIIt(;
submarine will then expose its conning tower., o HOIAE 18 1msighty
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f nets and be ready with guns in case sub-
ard buoy, distance

Is reason to suppose
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A submarine on the swrface will never attack with gunfire a surface vessel of

equal or greater gunfire.

Lookouts must be numerous and at all times vigilant. Guns ‘Il-llle; 1?(3 E0
constantly manned and loaded. The lookouts must become f“njuhﬂr Iy thle
appearance of enemy submarines with various amounts of hull or periscope L’Xl)lose('.
_Communding officers must realize that the usual methods of _lookout and wateh mt;
msufficient against the submarine, and only the concentration of the .\qgllance 0
the entire watch on deck can prcv‘vnt a patrol boat from falling a \'lft'lmrto BNOLE
pedo, provided the vessel is considered sufficiently importﬁ_n_t to be sulllx-__th ihe

It should be borne in mind that the advantage n WSlbﬂlt‘}' 1‘eStST“‘1' yres-
observer the highest up from the water. Therefore to delay dotoctmil 011' }?-l:u}:s ¥
ence by the submarine, unrig all top-hamper possible 'and place the ﬁ? ;11(-1-ense
]th up as possible. The nﬁvﬂnl‘-:igo derived from this precaution =
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eflicient, lcuIl\'IJ:u(t.: Ilhl%?'lzi}tli?']: i]1:1 t]tlllal 1;:1%(-.111:11- will train the eye o 1)'1‘(-.1\ 11])) q:ﬁ:).(}:
a landsman \\-'oul.d never notice. This can be done by tests 11 pwk”;‘gt;lltlz ntmosl
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N BY DAY. py NIGHT.
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2. 20° to 35° named 97° sector- o, 35°to ¢0° named 47° sector.
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All floating mines should be avoided and sunk.

NOTE.—The mines may not necessarily take up the positions indicated, but will probably do so.

German mines are generally active when adrift.
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