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the results of his exhaustive experiments at Willets Point 1S re­
garded as a classic. 

4. The Oberon Experiments.-In England, an important ser­
ies of experiments was conducted by exploding mines of different 
sizes, and at various distances, against the hull of H. M. S. Oberon, 
a large number of crusher gauges being used to record the pres­
sure of each explosion in order to discover a law connecting the 
pressure with the weight of the charge and the distance of the 
latter from the ship. 

5. As a result of the Oberon and other experiments, various 
opinions have been advanced as to the pressure necessary to de­
stroy or blow a hole through the double bottom of a modern ship. 
Some authorities put this pressure as low as 6000 pounds per 
square inch; but Colonel Bucknill, who was a member of the 
"Committee on the Experiments against H. M. S. Oberon," 
expressed the opinion that the pressure required is nearer 12,000 

pounds per square inch. Considering the increased strength of 
modern ships, Colonel Bucknill 's rule would be the safer one to 
adopt. 

6. Explosives for Mines.-High explosives have replaced gun­
powder, and are now exclusively used for submarine mines. Their 
explosive action is not seriously affected by moisture, leakage of 
the mine case is not so liable to render them ineffective, and they 
are from four to six times as powerful as gunpowder. 

Gun-cotton and explosive gelatine are preferred, and the former, 
being extensively employed for military purposes, is more gener­
ally used for submarine mines, though it is not quite so powerful 
as gelatine. 

7. Destructive Radius.-As a result of a careful study of sub­
marine experiments, several formul;:e have been proposed to deter­
mine the distances at which diff erent charges of the various explo­
sives would be effective against a double bottom. It is evident 
that such a formula can only be approximately correct; but an 
approximate rule may be useful. Assuming that a pressure of 
12,000 pounds per square inch will be fatal against a modern ship's 
bottom, the following rule may be used to obtain the distances at 
which mines containing gun-cotton should be effective: 

For distances between 20 and So feet fr0111 the ship's bottom, 
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multiply the distance in feet by 12 to get the effective charge in 
pounds; for distances less than 20 feet , multiply by 8. Thus at 
30 feet, 360 pounds, and at 10 feet, 80 pounds of gun-cotton would 
be effective against a double bottom. Or, given the weight of the 
charge in pounds, to find the distance at which it will be effective, 
divide the weight by 12. Thus, 480 pounds would be ,effective 
at about 40 feet. 

It is recorded that in an experiment conducted by Danish naval 
officers, 660 pounds of gunpowder, exploded at a distance of 24 
feet, tore a hole 100 feet square in the outer bottom of a ship and 
sank the ship. Assuming gun-cotton to be about four times as 
powerful as gunpowder, 170 pounds of the former would have 
produced the same result. The rule stated above would give 
between 200 and 300 pounds of gun-cotton for a distance of 24 
feet, and it would appear, therefore, that the rule gives an ample 
charge. 

8. Classes of Mines.-Submarine mines ar~ of two general 
classes : 

(a) Buoyant mines. 
(b) Ground mines. 
Buoyant mines are moored to the bottom so that they may be 

held above their anchors a certain distance beneath the surface 
of the water. Ground mines rest directly upon the bottom, where 
they should be securely anchored. 

g. Buoyant Mines.-There are several kinds of buoyant mines, 
as follows: 

(I) Contact mine:s. 
(2) Electro-Illechanicallllines. 
(3) Electro-contact mines. 
(4) Observation mines. 
The different kinds of buoyant mines will be briefl y described 

in the order named, which is the inverse order of their safety and 
effectiveness. 

10. Contact Mines.-The contact mine is the simplest and 
crudest form of submarine mine. It consists of a strong water­
tight case containing the charge, moored at a certain depth below 
the surface of the water, the case having a number of projecting 
levers or firing pins, which, if struck by a passing vessel, may be 
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driven in, thus exploding the charge by direct percussion and in 
immediate contact with the vessel's bottom. Such were the mines 
used by the Confederates during the Civil War. 

It is evident that contact mines are dangerous alike to friend 
and foe, and should only be used, therefore, where other and safer 
forms are not available. The firing pins, or levers, have often 
been rendered ineffective by the adhesion of barnacles, or by other 
causes, as was the case with the Spanish mines at Guantanamo. 
Leakage may destroy a percussion primer and thus prevent explo­
sion, even when the firing pin is driven in. 

SURFACE OF THE WATER. 

CONTACT MINE. PAR. IO. 

1 I. Electro-mechanical Mines.-The electro-mechanical mine 
is a modification of the ordinary contact mine in which, instead of 
firing the charge by a percussion primer, the firing pin (or any 
other form of circuit closer) completes the circuit of a firing 
battery carried within the mine case. This form may be ren­
dered somewhat safer in handling, and more certain of action, 
than the percussion form of contact mine, but when once moored 
it is equally objectionable in that it is under no control from the 
shore. 

12. Electro-contact Mines.-The electro-contact mine differs 
from the electro-mechanical mine only in having the firing battery 
on shore instead of at the mine. This brings the mine under con­
trol from the shore and removes one of the great objections to 
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contact mines. When hostile ships are not in the vicinity, the 
firing circuit may be broken at the shore station so that an acci­
dental blow will not fire the mines, and a friendly ship may pass 
in safety. When the enemy appears, the firing circuit may be 
closed at the shore station and the mines will then be operative 
upon contact. 

13. Laying Electro-contact Mines.-To reduce the number of 
firing batteries and electric cables as much as possible, electro-

ELECTRO-CONTACT MINE. PAR. 12. 

contact mines should be laid in groups of three or more, as shown 
in the sketch. 

Three or more mines may be joined by electric cables to a dis­
connector box 100 yards distant, and two or more disconnector 
boxes may be joined by 2oo-yard lengths to a common junction 
box, the main or group cable leading from the junction box to the 
firing battery in the station on shore. By means of the discon­
nectar a mine which has been fired or destroyed may be cut out. 

14. Anchors.-Mushroom a.nchors are preferred for all kinds 
of submarine mines. 

IS. Firing Electro-contact and Electro-mechanical Mines.­
Instead of using projecting levers or firing pins to fire electro­
contact and electro-mechanical mines, the firing circuit may be 
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closed at the mine by a rolling ball, or by mercury contained in a 
cylinder. When the mine is tilted through a certain angle, or is 
struck with sufficient force, the ball or the mercury will rise in 
the cylinder, complete the circuit and fire the mine. This form 
of circuit closer renders electro-mechanical and electro-contact 
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FirillU Buttery on Shore 

GROUPS OF CONTACT MINES. PAR. 13. 

mines much more certain of operation, because there are few-er 
holes in the mine case and less chance of leakage than with pro­
jecting firing pins or levers; and rust or the adhesion of barnacles 
will not cause failure. 

16. Contact Buoys.-Instead of placing both the explosive 
charge and the circuit closer in a single case, it is usual and pre­
ferable in all forms of electrical mines to place the circuit closer 




