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APPENDX.

The Periscope—How it is Constructed and Manipulated.

From Scientific American, January 30, 1915.

Something of the history of the periscope was told recently in the year book of the Schiffs bautechnis-
chen Gesellschaft by Dr. Weichert, divector of the Goertz optical works, from which publication the following
facts are obtained. It is stated that the oldest known device for viewing objects from a concealed position
was by means of a telescope with a doubly bent tube, which device was invented by Helvelius in the seven-
teenth century, and this may be regarded as the Progenitor of the periscope. It may be noted that at long
range this instrument gave a field almost too small for practical purposes.

The simplest sighting apparatus for submarines was invented in 1854, for it must be remembered that
the work of experimenting on submarine vessels has been going on for a hundred and fifty years or more.
This apparatus consisted only of a vertical tube that had a plane mirror set at each end at an inclination of
45 degrees from the. perpendicular, and it contained the fundamental principle involved. Tn 1872 totally re-
flecting prisms were substituted for the reflecting mirrors, but in both of these forms it was necessary to use
very short and wide tubes in order to cover a sufficiently wide field of view for working purposes. %

The next step in the evolution of the periscope was to employ a system of lonses in connection with the
prisms ; and this construction is shown in Fig.l4 which, however, is of a later and much improved pattern.
Following out the optical development of the instrument at tuis point, the question of the reversal of the image
is provided for now by means of an “erecting prism,” which is located near the lower end of the apparatus.
As shown in the picture the part of the instrument tube that carries this erecting prism is connected by means
of gears with the rotating top of the instrument, that carries the upper prism and the objective, in such a
manner that the erecting prism turns with half the angular velocity of the top, which compensates for the dif-

ference of azimuth between the rotating upper prism and the lower fixed prism. As its name indicates this
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erecting prism reverses the image as it is projected through the instrument, and presents it to the observer in
its natural position. In the earlier forms the instrument was in the form of a single long tube, and in order
to allow it to be raised and lowered, and also turned in different directions, it was fitted in a watertight stuff-
ing box in the top of the steering tower; but it was found that the pressure of the water against the tube,
when the vessel was moving, bent the tube backward to some extent and caused it to bind so tightly in the
stuffing box that it was very difficult o turn it in order to make observations through any considerable angle ;
so an improved construction was devised in which the periscope tube proper was contained within a heavier
fixed protecting tube or sheath within which the periscope turned. Further improvements resulted in a con-
straction in which only the head of the instrument, carrying the upper prism, is revolved, the connection with
the evecting prism below being retained.

To enable the vessel to be steered by the observations made by the periscope the officer in charge must
have some means of knowing the exact relation of the line of sight of the instrument with the axis of the
craft, and varions devices have been employed for the purpose. In the earlier models this was accomplished
by a mark on the tube and a.graduated circle inseribed on the deck, and also by a second graduated ecircle
and index in-side the tube, and visible to the observer. A later system, adopted when the lower part of the
tube is fixed, and the upper part movable, makes use of two glass plates within the tube. One of these plates
is inscribed with a graduated circle and is attached to the fixed lower part of the tube, while the other plate
bears an index mark and turns with the upper part of the tube.

The magnifying power usually found in these instruments is 1.5, but by the employment of special
devices a power of from 5 to 6 magnifieations can be secured temporarily. A more recent instrument contains
a novel and valuable improvement that gives a sharp magnified image of the object sighted, surrounded by a
view of the entire horizon on a smaller scale. This is accomplished by means of an annular lens that is
located over the objective. T.enses of this sort were first employed in topographical work by Col. Mangin of
the French army. Long continued observation with a periscope, using but a single eye, becomes fatiguing,
and considerable relief can be secured by adjusting the instrument to throw the image on to a ground glass
screen, where it can be viewed comfortably; but this plan can only be adopted in very clear weather, and even
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then the grain of the glass screen ig liable to obscure distant objects.

The very latest designs have a compass, and a telemeter scale, by means of which the distance of the
object can be determined, ingeniously combined with the periscope.

The development of the periscope hag made the submarine practical, and indeed it is this very question
of directing the movements of the vessel when under wator that has been responsible for much of the delay
that has occurred in the successful development of the submarine. That the prohlem has been quite success-
fully solved is apparent from rvecent performances in foreign waters, for it has been demonstrated that by the
aid of the latest direetional instruments the boat can dive below the surface when beyond the sight of an enemy,

and easily find its, way into the midst of hostile fleets, or into crowded harbors.

The “ Perfected ” Type of Holland Boat. (Fig. 2)

The general characteristics of the vessel illustrated in Fig. 2 which has been taken from the Engineering,
Nov. 17th, 1911, are as follow :—

775 s B S e s LT SRR P B 150 ft.
BEAIN o iticatios bus s P R S R 15 ft. 6 in.
Digplacetnent, 8aHage . .. . o v ssveipenisvs e sosv vinm v 390 tons.

5% submerged ................ A R TR R 520 tons.
Buoyancy percentage of submerged displacement.............. 25 per cent.

» 7 » surface displacement ... ............ 33 per cent.
Burface gpeed o s aedy o g i 143 knots.
Surface cruising radius ...............ccoiiinae vieeewese.. 4500 nautical miles.
Bobnsvged. spead: Lbielsu st e e s SR A AT e s ket 10} knots.
Bubmerged radius . ....ciie v e e TR e AT Fhch e 120 nautical miles.
Armharaend e dine ok deesis D DA JOn Rt P R ; 4 torpedo-tubes and 8 torpedoes.

All torpedo-tubes are of the internal type, thus wﬂﬁwgﬁm access to the torpedoes at all times for ad-
justment, charging, &e. Provision is made for reloading the tubes while submerged. A complement of two
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officers and eighteen men is provided for. The store and fresh-water supplies are for twenty days. The safe
depth of submersion is 200 ft.

The extreme bow of the vessel is occupied by four torpedo-tubes, installed in accordance with a special
system patented by the firm. This enables double.the usual number of tubes to be employed, and, at the same
time, preserves great rapidity, simplicity, and certainty of action of all the operating mechanisms. The space
around the tubes is used for water-ballast and is divided into two compartments by a complete transverse
bulkhead. The cap or shutter which forms the out-board closure for the tubes is protected by a very heavy
steel stem, which ends in the overhanging superstructure forwnrd. The tubes themselves are of .m_n.obm con-
struction, and serve, together with their connections, to give great strength and rigidity to the bow, affording
thorough protection to the vessel against the effects of a head-on collision.

The working space in tho boat, from the torpedo-tubes aft, is divided into five separate compartments by
complete transverse steel bulkheads, each being fitbed with a suitable water-tight door. Begining forward, the
first compartment is the torpedo-storing ecompartment, which containg the breech-doors of the torpedo-tubes,
illustrated also in the engraving, Fig.h, the spare torpedoes, the torpedo-loading gear, &ec., and the submerged
anchoring-gear. Underneath, between bottoms, ave tanks for a good portion of the oil fuel. This compartment
is also arranged as a separate living compartment for the two officers.

The next compartment is the forward crew-compartment, under the floor of which, in a water-tight tank,
is half of the electric storage batteries this is entirely surrounded by ballast-tanks, which extend well up the
sides of the hull. In this compartment, too, twelve men are berthed, comfortable sleeping aceommodation being
aflorded for two watches off duty during surface cruising. The next comparément constitutes the central operat-
ing compartment, in which is located the eye-piece of the commanding officar’s periscope, as well as all the
other important elements of submerged control, such as diving-gear, air-system controls, ballast-tank floods and
drains, &ec. Views in such control station are given in Fig. 5. By this arrangement all members of the crew
having important duties in connection with submerged operations ave under the immediate control of the com-
manding officer, who is enabled to see exactly what was being done, and can thus easily prevent eirors on the
part of the crew. The conning-tower is located immediately above this compartment, and is separated there-
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from by a quick-closing water-tight hatch. An additional periscope is fitted in the conning-tower, which is also
equipped with all the necessary fittings to enable it to serve efficiently, first, as a deck conning and steering
station for severe or cold weather; second, as a ﬁhﬁgm.mgsoh and, third, as a submerged look-out station.
Both periscopes are equipped with special range-finding and torpedo-directing apparatus, and the torpedo-firing
apparatus is loeated within easy reach thereof. |

The next compartment aft is the after crew oon@;Eoﬁhm in which, when at anchor, four men are berthed
thus providing, together with the forward eompartment, separate berths for all the crew except the two on anchor
watch. Under this are the electric storage batteries, while ballast-tanks occupy the sides and the lower patt
of this compartment, the construction being identical with the ecorresponding forward compartment. In this
compartment also are located the galley and mess arvangements. :

The after compartment constitutes the engine-room, in which is installed a twin-serew power equipment.
Fach shaft is fitted with a heavy-oil engine directly connected to an electric motor, the power being 1000 brake
horse-power in the case of the main engines and 600 eloctric horse-power for under-wator propulsion. Fuel
and lubrieating oil are stored under-neath the engines and in the after part of the compartment; the main
bilge-pumps and air-compressors ave installed in duplicate, one set on each side of the ship, driven from the
main shaft by a suitable arrangement of gears controlled by friction cluteh., This enables the auxiliary machinery
to be operated either by the electric motor. A :

The superstructure, which is of the self-bailing and filling type, provides a working deck, which, on ac-
count of the good freeboard and buoyancy arranged for in the design, is dry and comfortable in moderate
weather. For very heavy weather, an elevated station, fully equipped as a deck steering-station, is constructed
on the top of the conning-tower, and a weather « Uommm.w ” is fitbed thereon. Access to this elevated station is

obtained .mﬁ.oﬂumw the conning-tower and from the after crew’s compartment, and ample aren is provided to

accommodate all the crew off duty at any time, so that fresh air and exercise can always be had, even in

severe weather.
U. S. Submarine “K,” (Fig. 3.)

] B EREcHE : i,
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This is improved holland type, completed on 1913. The particulars are—Tength about 155 ft.; Breadth
about 16 ft.; Draught about 12 ft. ; Displacement about 400 tons on surface, about 520 tons under water ;
Armament four bow ftubes, two stern tubes; Complement eighteen; Oil engines B.H.P. 900 ; Electric Motors
H.P. 700 ; Speed 14 knots on surface, 11 knots under water; Endurance 5,000 n. miles at'11 knots on surface,
100 n. miles at 5 knots under water. .

“Protector.” (Fig. 4.)

This boat is pioneer design of the Lake type, the length 67'-6", breadth 142", the dranght 11'-9", mbm.
the displacement 136 tons on surface, 174 tons wider water.

H. M. Submarine “ E4.” (Fig. 7.)

The :two engraving reproduced in Fig. 7 has been taken from the Engineering, Jan. 10th, 1913. This
submarine boat is of the latest type, constructed by Messrs. Vickers Limited, Barrow-in-Furness, for the British
Government, and the views reproduced suggest not only the great dimensions, but the speed at which the vesgel
may travel. The surface speed of the vessel is about 16 knots, the heavy-oil engines with which it is fibted
having a brake horse-power of over 1500. No official particulars are available regarding the dimensions of the
vessel, but it is understood that it is nearly 180 ft. long, and close upon 23 ft. beam, having a submerged dis-
placement approximating to 800 tons. The photographs, eompared with those of earlier vessels, indicate the
laxger superstructure, whereby navigation is facilitated when the vessel is awash, and show also the height of
mast used in connection with wireless telegraphy. A special feature in the stern view, is the rudder, which
improve the steering of the vessel when submarged. It is understood that this vessel accommodates dis-ap-
pearing guns; but on this question information is, for patriotic reasons, withheld.

The Laubeuf Submarine Boat. (Fig. 8.

From the Engineering, Augusi 18th, 1911,
Submersible boats of the latest types on Mr. Laubeufs plans have recently been built at Messrs.
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Schuoeider’s yard at Chalon. The genoral arrangement of the various compartments is shown in the views, Iig.
8, which illustrate the Cb type; this craft has a .&m@?ooﬁmﬁ of 311 tons on the surface, and of 465 tons
when completely immersed, the buoyancy being, therefore, 154 tons. It has a surface speed of 15 knofs, and
an under-water speed of 8 kuots. The fist compartment forward serves for taking watber-ballast, and would
act for neutralizing a collision ; a. collision which would crush the forward portion of the eraft would have no
influence whatever upon trim and buoyaney. The second compartment, which ends forward in a thick spherieal
bulkhead, contains a torpedo-launching tube, a spare torpedo, and the erew’s quarbers. In the mext compart-
ment aft are the electric accumulators; then follow the central compartment, eontaining the steering-gear, the
gear governing immersion, and the officcrs’ quarters, with communication to the turret; the engine rcom con-
taining the heavy-oil motors and EEEEQ apparatus ; the room containing the electric motors; and the air
compressor-room, which serves also as the petty-officers’ cabin. The compartment right aft is a water-ballast
compartment, which is outside the thick inner hull. Four disappearing torpedo-launching apparatus are mounted
on deck, where they are thoroughly protected ; they are worked by compressed air from inside the boat. The
armament of the boat, as will be seen, is a heavy one; the submersible has always five torpedoes ready for
launching, plus a spare torpedo.

The question of habitability has been considered from the very simple standpoint according to which the
power of endurance of a submersible boat depends primarily upon the power of endurance of its crew, and,
therefore, upon the degree of habitability of the craft itself. When the boat is navigating on the surface, the
men who are not on duty can take up stations on deck in exactly the same conditions which prevail in the
case of sen-going, surface torpedo-boats, whilst a very complete system of ventilation ensures to the men on duty
inside the boat a minimum of physical fatigne. When the boat is immersed, the volume of air available and
the means taken for remewal are sufficient to enable the men to withstand without any trouble a period of
under-water service lasting over twelve consecutive hours. The habitability of the boat is also inveased by the
fact that the eloctric accumulators are located in a separate compartment, the quarters for the officers and ren
being further rendered as comfortable as is possible in a boat of this class. The conditions of safety which
result from the double hull arrangement and the provision of water-ballast outside the inner hull, combined

OB ERROEY | i
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with the devices for allowing the compressed air to escape, make it possible for the craft to acquire almost
instantaneously a great buoyancy, thus enabling it to emerge very rapidly. The valves for operating the escape
of the compressed air ave all placed within sight of the officer in command. Electrically driven drainage pumps
which draw simultaneously from the various water-ballast compartments can drain these in a very short time.
The safety m@&aam.mwa_zza safety dropping weights, lifting tackle, and a telephone buoy.

Yor regulating the immersion of a submersible boat of the Ob type, the officer in command has a set of
trim-indicators and three pairs of horizontal rudders—one forward, one aft, and one in front of the deck-hougé—-
by which means he is able to maintain the depth of immersion selected to within 20 in. The boat carries
two periscopes, each of which gives a complete view of the whole horizon; they are .raised and lowered by
electric motors. Communications with the mother-ship and with sister-ships are ensured by means of submarine
bells. Wireless telegraphy can also be resorted to.

The nautical qualities of The Laubeuf Type of the sabmersible boats, and the case with which they are
operated, have been fully proved in actual service. The inventor and the builders, Messrs. Sehneider, are work-
ing toward improving these characteristic features still further. They have also solved two problems in this
connection—i.e., the one dealing with the training of officers and men in the maneouvring of submarine boats,
and the other with the delivery to distant navies. They have installed, in close proximity to Toulon Bay, an
establishment placed under the management of specialists for instructing erews in the bandling of the craft,
the plant containing accommodation for the men who follow the submarine navigation classes, and the neces-
sary shops for the maintenance and repair of the machinery, and for charging electric accumulators. Further,
the Chantiers de la Gironde, Bordeaux, which work in collaboration with the yard at Chalon-sur-Saone above
referved to, have at the present time in course of construction a cargo-boat provided with a large-capacity hold
to rveceive a submersible boat for- delivering it to distant navies. This eargo-boat, the Kanguroo, is provided
with water-ballast compartments; these are filled with water to enable the submersible to enter the hold re-
sexved for it through a tunnel in direct communication with the open sea.

Large Laurenti n,w._wm Submersible. (Fig. 9.)
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The proposed arrangement of a large Laurenti Fiat submersible is illustrated in Fig. 9, which hag been
taken from a paper on “The Development of Submarines and their Propelling Machinery,” read by Herr G-
Berling before the Schiffbautechnische Gesellschaft in June, 1912. Tt will be seen that in this instance there
is only a double bottom for the length of the control station and the after battery room, the main hull being
reduced in diameter for this length. The Laurenti superstructure extends for the full length of the boat. The
vessel has one stern torpedo and four bow torpedo tubes. When running submerged, the boat is steered from
the central tower. Beneath this tower is the station from which the operation of the boat is controlled. Here
are plaged the periscopes and the two handwheels for working the forward and after rudders. Beneath the
floor are two electrically-driven pumps for emptying the ballast tanks. Forward and aft of the control station
are the two battery rooms, each of which forms a separate compartment through which passes a pressure-tight
communicating passage on the port side forward and the starboard side aft. The cells are connected in series
to form a battery of 220 volts. The space above the cells is utilized for the accommodation of the orew, as
are also the forward and after torpedo rooms. The oil engines, of about 2,600 B.H.P., are intended to give
the boat, which has an emerged displacement of 650 tons, a surface gpecd of 18 knots. The oil-fuel supply is
sufficient for the boat to travel 1,500 knots at 18 knots’ speed. Beneath the oil engines ave placed s number
of steel bottles for holding highly compressed air. The motor room is E.&u% aft of the oil-engine room. The
accummulator batteries are of sufficient size to maintain a submerged m?@@ of 10 knots for one hour, or 8 knots
for 83 hours. There are also placed in the motor room two high-pressure air compressors, one being driven
from each main shaft.

“ Galileo Ferraris.” (Fig. 9.)

The engraving reproduced in Fig. 9 is the TItalian submarsible *Galileo Fervaris,” completed on 1912.
The particulars are—Length about 145 ft. ; Breadth about 163 £t ; Displacement about 394 tons on surface, abont
470 tons under water ; Speed 15 knots on surface, 9 knots under water; QOil m:m:ucm 1200 B.HLP.; Armament
two torpedo fubes, six torpedoes.
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“ Atropo.” (Fig. 11.)

The Atropo illustrated in Tig. 11 is the Italian submersible built by Messrs. Krupp. Germania Works,
lnunched at Kiel in the end of March 1912. She has following dimensions—Iength about 155 ft.; Breadth
about 15 ft. ; Draught about 9 ft.; Displacement about 250 on surface, about 335 tons wnder water ; Armaments
two inside tubes, four torpedoss; Diesel engines two of 350 B.JH.P. each; FElectric motors two of 130 H.P.
each ; Speed 14 knots on surface, 8 knots under water ; Tndurance 600 n. miles at 14 knots on surface, 40 n.

miles at 6 knots, 60 n. miles at 5 knots under water.
German Submersible “U. 1” & “ 0. 12.”. (Fig. 12.)

Their particulars arve as follows :—

o 1 7. 12
Patslial coniplatioi (ULnEF WIIE 0L Qeh JET L SEHI1908 1911
Toouptity ViRcr slige Lo ehud, MUNUe . (Bl d Ul oI, 101 F&.
EioddEl 230G 00, 40w, setee st s Bl 10 Ft.
g Binfaies oG ULNES, S Sl S 197 Tous. 250
Displacement )
Stibmespal il 2 LU L EE e T 236 Tons. 320
Saiaan 10 J00 SIILLIS G NG 250 450
Babfitbrgad) J1 000 1UE S jars 100 200
Bpeed *mﬁm@om ......................... 10 13
Submerged ........ BT, LI 7 8
Amarients )il i LG R G DL Two 18" tubes.
Complements ..... s e e S s 9 12

Dutch Submarine for Colonial Service. (Fig. 15.)

The submarine illustrated in Fig. 13 which has been taken from the Shipbuilding and Shipping Record,
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June 25, 1914, belongs to an improved Whitechead single hull type and their lines have been especially
designed in order to obtain the greatost submerged speed. The design was made at Fiume, whilst the boat
was built at the Koninklijke Maatschappij de Schelde yard at Vissingen.

She has the following dimensions (all dimensions being in metrical measurement) :—

Lienghh, ovarall i e Biie sl S nia Dpeatan wsl 48.58 m.,
Bength (baplsndas 30 agut - i sk 2 s st o B0 .
Bidaim e eonuin S hatine AR s s sl e il 4.32 E;H,E&mﬁr section is
Thapiber gugin.u , Diunme s sopsealin ol (i SERavb o 3.64 m. |  an ellipse.
Depth from bottom of keel to top of superstructure . ... 4.24 m,
Freeboard (amidship without superstructure) .......... 4 m.
3 (including superstructure) ............... ... 1.32 m.
Height of conning-tower from water line .............. 3.35 m.
Displacement;’ suiface oo can it a de s ekl 532.8 tons.
o BAETEA il 0 S St birs e AR 385.5 tons,
Difference of displacement.......... ..o 52.7 tons.
Capacity_of W.T. superstructure ................ 00000, 4.5 tons.
Reserve buoyaney at surface ........ e ke D e tons,

54 5 when submerged. No safety keel is fith
‘Main ballagt tanks 52.7 tons.
Fuel tanks 161 ,,  }72.8 tons.
Torpedoes 4.0
The surface propelling machinery consists of two 8-cylinder double-acting reversible Diesel oil engines of
850 eh.p. at 450 r.p.am. each, built by the IMaschinen-u Armaturen-Fabrik, Augsburg, Nurnberg, giving a
maximum surface m%mmm of 16 knots for three hours, and a cruising speed of 11 kmots.
For running when submerged there are batteries connected with two electric motors of 315 e.h.p and 325
r.pm. maximum capacity each. The capacity of the batteries is 8,830 ampere howrs, discharged in five hours,
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and 4,400 ampers hours, discharged in 10 hours, The speeds are 11 knots maximum for 1 hour and 8 knots
crmising speed for 4 hours respectively.

The tank arrangement is similar to that fitted on the Danish boat Havmanden, described with drawings
in Skipbuilding and Shipping Record of January 22 last. From the drawings of TFig. 13 it will be seen that-
there arve three main ballast tanks, fitted fore and aft and amidships at the sides of the batteries. There isa
high pressure fank amidships, and it can be quickly emptied even at great depths by means of highly com-
pressed air, so that the upper edge of the conning-tower comes to the surface. There are two trimming tanks,
fore and aft, in connection with each other and with the sea. An auxiliary tank amidships ooEwo.Bmpﬂom for
weight alterations during the 4@%@%@.

A floating tank, which always runs ab a constant depth under water is, as in the Havmanden alveady
reforred to, connected with a patent continnously-acting pump, and is continuously being emptied or filled with
small quantities of water, thersby overcoming the tendency of the boat to emerge or to submerge. The pump
ig driven in connection and simultaneously with the diving rudders. Other tanks are the fresh water tank
and a compensation tank for the fresh water used; an oil fuel tank fitted in the fore torpedo space with its
compensation tanks; three lubrieating-oil tanks, one forward in the oil fuel tank and two aft under the eloctric-
motors ; two filling tanks, one each fore and aft, to take the water from the torpedo tubes after having fired
the torpedoes and before recharging the tubes; two compressed-air tanks for firing torpedoes; a tank for
submarine bell.

The superstructure is partically watertight on the swface and increages the reserve buoyancy in emerged
conditions,

The pumping arrangement is such that tanks are fitted with independent Kingstone valves, and are
omptied by means of compressed air at a depth of 60 m. There are two main bilge rotary pumps driven by
30 and 20 h.p. electric motors respectively ; and two auxiliary bilge pumps, of which one is a rotary pump with
a 12 h.p, electric motor, and one a piston pump connected with a 4 h.p. electric motor. Compressed-air is
produced by two double-acting Whitehead type air gﬁﬁy.mmwo«m, with a capacity of 6 litres per minute at 180
atmospheres and 700 r.p.m. g
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There are five watertight bulkheads. A torpedo hateh, two main hatches and an engine hatch are fitted.
The conning tower is made of bronze plates and angles, with a bronze-casting head, It is enclosed in a casting
of light duralumin plates, to which a ship form is given to minimise the resistance of the boat when sub-
merged. In its after part it is watertight on the surface in order to allow an entrance fo the boat even in
bad weather, and also to permit its being used for ventilation. Tts upper edge is perforated for air inlets,
and only one outlet is consequently necessary. Inlet and outlet tubes are closed by a valve when submerged,
and the ventilating system is in this way very simple. The conning tower, contains also the steering control,
rudder inclination control, engine telegraph, speaking frumpets, compass, &e.

i Accommodation for the commander and an officer is situated at the forward end of the forpedo room, with
a separate w.c. and wash basin. One engineer is housed in the next compartment, in which aecommodation for
crew, consisting of seven men is also situated. For the crew theve is a separate w.c. in the central station.

The central station contains the two periscopes, steering gear, wheel for horizontal rudders and floating
tank pump, &,Eoupo%b depth measuring apparatus, ventilators, electrie controls, gear for fiving torpedoes, &e.
A submarine bell is fitted forward in the torpedo room, in its separate tank, and is provided with all necessary
telephone installations, On the hull on each side of the torpedo room, a submarine telephone receiver is fitted.
One electric cooking stove is provided. The armament consists of two bow tubes and one after tube for 45
c.m. Whitehead torpedoes. There are three torpedoes in the tubes and three spare torpedoes. They can be
firved from the central station, from the conning-tower or from the wing compartments. .

Horizontal rudders are fitted fore aft. There are also one vertical rudder each at the bow and stern, All
are driven hydraulically.

The boat is built for colonial serviee, and special cooling plant is provided, the superstructure being made
as to form a second protective hull over the watertight hull. The cooling system of the superstructure is shown
in the sketch on page 773.* Water from the tank ig forced through tubes and is sprayed over the mat. The
ventilator absorbs the air and dries the mat, and the rapid evaporation of the water produces a fall of tem-
perature. = The interior of the boat and the batber are cooled by means of two refrigerating engines, driven
from the main shaft and furnished by the Prager Maschinen-fabrik, Prag.
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Two hand-driven periscopes are fitted. Their objectives are 5.0 and 5.39 m. respectivoly above the
superstructure. They are of the combined Goerz-Zetelescopic periscope type.

The safety appliances consist of a telephone line, which can be sent o the surface by disconnecting a
buoy, and of four hoisting eyes of 100 tons strength each. No safety keel is fitted. The boat is also provided
with “ wireless.”

Two stockless anchors of 250 Kg. ave fitted on inclined planes forward with electically-driven windlass.
The windlass can be worked from within the boat without going on deck.

* The metacentric height of the boat is: in light conditions 420 mm., submerged 393 mm.
* Page in the original magazine, this sketch omitted in this paper.
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FIG. 8. U. S. SUBMARINE-BOAT Ki

IMPROVED HOLLAND TYPE.

FIG. 4. LAKE TYPE SUBMARINE-BOAT.
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