
which terminates in its upper end in a contact pin, P, 
is raised. The synchronizing arm or balance S has 
its zero position at the extreme end of the quadrant, 
and if set in motion without the depression of a type 
key, would swing in a horizontal circular path to the 
opposite extreme end of the quadrant. But the de
pression of the type key and the corresponding rise of 
the contact pin offer an obstacle to its progress. The 
stud 7 on the rocking lever beneath the key is caused 
to leave the receiving contact 1, thus enabling the 
contacts 2 and 8 to come together. Simultaneously 
there is another contact at 3, and a current is sent to 
line from the battery G. If there is no relay being 
used, plugs are inserted at a a, and the current re
ceived passes through the releasing magnet, A.. This 
current, as it is received at the receiving zerograph, 
attracts this armature, thereby pulling back the little 
catch k 'on the synchronizing arm. By this arrange
ment, as the arm on the transmitting instrument is 
set in action by the depression of the type key, the 
similar arm on the receiving instrument moves simul
taneously along its path. When the arm on the send
ing instrument comes in contact with the raised pin, 
the current is passed through the printing magnet B 
to the battery G. On the printing magnet B is a light 
armature, and this is now attracted, sending a second 
impulse to the line, which is received by the magnet 
A on the receiving instrument. This magnet again 
pulls the cord on the balance, and a small plunger p 
is caused to ,protrude against the nearest pin. This 
action closes the local circuit of the printing magnet 
in exactly the same manner as it is closed in the 
transmitting instrument. Across the printing magnet 
is bridged a: condenser to diminish the sparking. A 
hammer is set in motion by the armature 4 of the 
printing magnet, and strikes the type against the paper 
tape, thereby leaving the impression of the letter. 
Simultaneously with the movement of the armature 
4 the rocking arm 5 is tilted over. This breaks the 
circuit of the printing magnet, and closes the circuit 
of another magnet O. This latter is a strong magnet, 
and is called the zero magnet, as it returns the syn
chronizing arm to the zero position. 

Fig. 2 illustrates the detail of the synchronizing 
arm, the attachment of the type quadrant, the printing 
hammer, and the upper end of one of the contact pins. 
When the shift key is depressed the quadrant carrying 
the type keys is moved up. The types are mounted on 
springs, each spring having two types, T, and T2, 
placed one above the other. To the printing hammer, 
H, is fixed a small piece of metal, 1-16 inch thick, 
V V, the ends of which are grooved, as shown by the 
dotted line in the diagram. When the printing magnet 
is excited, the en\! of the hammer moves forward, 
and strikes one of the types against the tape and ink 
ribbon on the wheel W. When the shift key is de
pressed, a pin is raised which arrests the synchroniz
ing arm when the fiat wheel Y is in the position Y,
that is to say, in the same plane as tbe end V of the 
piece V V,. As the synchronizing arm travels for
ward, it raises the wheel Y and the whole carriage R 
upon which is fixed the type quadrant Q. The latter 
is lifted by exactly the difference in height between 
the two types T, and To, so that the type T2 comes into 
action and records upon the paper. A light spring S, 
resting in one of the grooves n, or n2, retains the 
carrier in its upper or lower positions. When the 
second shifting key is actuated, the synchronizing arm 
is stopped in a position in which the wheel Y is at Y" 
in the same plane as the end V, of the piece V V" 
this end being bent round by the angle equal to that 
between the two contact pins. The part V, on the 
stroke of the printing hammer is pressed against the 
upper end of the wheel Y and forces the type carriage 
down. . 

As the synchronizing arm has to return to zero after 
the completion of each letter is transmitted, it will 'be 
realized that a little longer time must elapse between 
each impulse when some type keys are depressed than 
with others. For instance, when the key at the ex
treme left of the type lever quadrant is depressed, the 
synchronizing arm has only about an inch to 'travel 
to transmit the impulse before it is stopped by the con-

, tact pin; but when the letter Z at the extreme right 
of the keyboard is pressed down, the arm has to travel 
the whole distance of the quadrant before sending the 
impulse. Still, a speed of nearly thirty words a 
minute can be maintained with but little practice on 
the part of the operator. An important feature of the 
instrument is that confusion of the letters cannot pos
sibly result through the too rapid manipulation of the 
keys, since until the synchronizing arm has returned 
to zero after the depression of one key, another key 
will not operate. Should two keys be accidentally 
struck at the same time, on�y one key records its type 
upon the paper. 

To apply the zerograph to wireless telegraphy, it is 
only necessary to connect it to the usual apparatus util
ized for that work, the typewriter being substituted for 
the Morse transmitter. To insure satisfactory and suc
cessful operation, however, the inventor, Mr. Kamm, 
has devised several contrivances, such as an automatic 

Scientific American 
coherer to enable rapidity in transmission and reo 
ceiving to be attained, a new and special relay, and 
other important connections. 

The'machine is most favorably adapted to ether com
munication, owing to only two impulses being neces
sary for transmit.ting or receiving any sign. As each 
of these impulses corresponds to a dot on the Morse 
instrument, it is much easier to manipulate, and fur
thermore no apprehension need be entertained of a 
mistake arising through a dash being misconstrued 
into a dot, which is a feature of the Morse system of 
transmission and receiving, as there is always great 
difficulty in reading a dash correctly. The speed of 
operating the zerograph under wireless conditions is 
also immune from the many disadvantageous infiuences 
characteristic of the Morse system, being purely de
pendent upon the skllI of the operator. By means of 
the zerograph it is possible to transmit at a speed of 
about twenty words per minute. Another important 
feature of the system is that it is free from tapping, 
or if not absolutely secure from outside infiuences, it 
is at any rate perfectly secret. If the impulses from 
one instrument are intercepted during their transit 
through the ether, the intercepter would be completely 
mystified, owing to each impulse being practically re
solved into a dot, so that only an incomprehensible 
collection of dots would be received, and these would 
be of no value to the tapper at all. Furthermore, the 
nature of the apparatus admits of great differences in 
synchronism, so that only those instruments which 
are s"nchronized to one another will receive messages 
correCllY· 

For ordinary telegraphic purposes the zerograph is 
always ready for sending or receiving, but when used 
for wireless telegraphy two switches are provided. 
On the instrument is a small handle, and on the coi'! 
is another switch, which make the necessary connec
tions for send'ing or receiving. 

The coherer is of special design, and is absolutely 
d

'
ifferent from any other type of coherer at present in 

. vogue. Its principles of construction and working are 
preserved a secret, but its most salient characteristics 
are its extreme sensitiveness, being affected by the 
faintest ethel; wave, and automatic or quick self-deco
herence, dispensing with the assistance of a tapper 
back. It decoheres instantaneously, thereby enabling 
more rapid communication · to be established. 

In the utilization of the apparatus for wireless teleg
raphy, when the type key is depressed, instead of the 
impulse being sent to line, it is' passed �ound an 
electromagnet, ·which actuates the· key closing the 
primary circuit of the induction coiI and makIng the 
spark. The coil is exceptionally powerful;' a 15-inch 
spark being obtained, which is ample to meet all de
mands. The relay is also 'of great power, and will 
overcome an exceedingly large resistance. 

The zerogra'ph has not yet been submitted to any 
tests over long distances with wireless telegraphy, but 
other experiments have been· carried out with it over 
short distances under conditions so difficult that the 
trials corresponded to

' 
long-distance working under 

normal conditions. The German government has test
ed several of the instruments in the telegraph service 
for use with ordinary land lines, and they have proved 
eminently successful. They have also bee'l operated in 
connection with the metallic current line between 
Brussels, Antwerp, and Ostend, and between Paris and 
Rouen. The latter line is particularly difficult in 
character, consisting of 100 miles of phosphor bronze, 
a similar distance of iron, and the remaining distance 
subterranean cable. It has aIso been tested between 
Paris and Brussels over a telephone line, simultane
ously with a con�ersation being carried on, thereby 
proving its value for international purposes. No diffi
culty has been experienced in these operations, and 
the instruments have proved to be free from failure 
or breakdown. 

------------�.�.�.�.�.�----------� 

THE LATEST BATTLESHIPS FOB THE UNITED STATES 
NAVY. 

The designs for :the "Louisiana" class of battleships 
were found to be so satisfactory that they were adopted 
for the latest. battleships authorized this year by 
Congress. Very few alterations, and these quite of a 
minor character, were made in the original plans. 
The new ships will have a displacement of about 
16 000 tons when they are fully equipped ready for 
se� with all stores on board, and are carrying their 
normal coal supply. Their principal dimensions are 
length over all 450 feet, breadth 76 feet 8 inches, and 
mean draft 24 feet 6 inches. They will be driven by 
twin-screw, vertical, triple-expansion engines, at a 
speed of 18 knots an hour, the estimated indicated 
horse power for this speed being 16,500. Steam will 

'be supplied by batteries of Babcock & Wilcox boilers. 
The normal coal supply will be 900 tons; and the bunk
er capacity, estimated on a basis of 43 cubic feet per 
ton, will be 2,200 tons. T'.le defensive' arrangements 
of the new ships have been worked O'J·. after a careful 
comparison. with our .o�n an� foreign sllips, and 

.
are 

about the most comple.te to be found in any deslgn, 
built or building in the world to-day. In the first 
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place, there is an unbroken belt of Krupp armor from 
stem to stern, which is 11 inches in thickness at the 
waterline amidships and tapers gradually to a mini
mum thickness of 4 inches at the ends. Associated 
with this is a complete steel deck, 3 inches in thick
ness, which slopes toward the sides of the vessel to 
a junction with ' the side armor below the waterline. 
It is also sloped forward and aft to a junction below 
the waterline with the stem and stern. Upon this 
deck forward and aft, and extending above the main 
deck, are erecte-a ·two barbettes of 12-inch Krupp 
steel; while above the main belt of side armor,' and 
extending along the sides of the vessel for the full 
distance between the barbettes, and for the full height 
from the main belt to the upper deck, or main, is a 
continuous wall of 7-inch Krupp armor. Tbe ends of 
this armor turn in across the vessel to a junction 
with the 12-inch barbettes. Within the armored cita
del thus formed there are mounted four 40-caliber, 
12-inch, high-velocity guns, and eight 8-inch 45-caliber 
high-velocity, rapid-fire guns, all twelve of these guns 
being protected within barbettes and turrets of Krupp 
steel, the 12-inch gun turrets being 10 inches in thick. 
ness, and the 8-inch turrets 6 inches in thickness. 
These twelve guns all have large arcs of fire above 
the main or upper deck. On the gun deck below, and 
firing through casemates in the wall of 7-inch armor 
just mentioned, are twelve 7-inch rapid-fire guns, ar
ranged six on each broadside. There are also about 
a score of the very handy 3-inch rapid-fire guns scat-. 
tered throughout the ship, six of them being carried 
on the gun deck, two forward and four aft, and three 
on either broadside on the main deck between the 
turrets of the 8-inch guns; the other 3-inch guns are 
carried on the .bridges and superstructure. In addi
tion to these there are twelve 3-pounders, semi-auto, 
matics, eight 1-pounder automatics, and two 3-inch 
fie·ld guns. 

It goes without saying that this is a tremendous 
battery. All the' guns are the latest high-velocity, 
long-caliber, rapid-fire type.' The 12-inch has a muzzle 
velocity of 2,800 foot-seconds, an energy of 46,246 foot
tons, and a penMration of iron at the muzzle of 47.2 
inches. The 8-inch gun has also a velocity of 2,800 
foot-seconds, and its energy at the muzzle is 13,600 
foot-tons, while it is capable of penetrating 31. 4  inches 
of iron at the muzzle. The 7-inch gun is 50 calibers 
in length, has a velocity of 2,900 feet per second, a muz
zle energy of 9,646 foot-tons, and can penetrate 28.7 
inches of iron at the muzzle. The excellent 3-�nch 
gun has the high velocity of 3,000 feet per second and 
a muzzle energy of 874 foot-tons. 

In addition to the belt of Krupp steel that protects 
the waterline, nearly 8,000 cubic feet of corn-pith 
cellulose will be driven in back of the belt armor 
throughout the length of the ship, the mass being 
tightly rammed into a steel cofferdam, which is worked 
in as part of the structure of the ship. Should a pene
tration of the belt occur, the shot would probably pass 
through the corn-pith cofferdam; but as soon as the 
water followed, the saturation of the corn-pith would 
cause it to swell with great rapidity, until it acted 
with an obturating effect in closing the hole. Before 
the shell could reach the engine room or boilers, or 
magazines, it would have t o  pass through several feet 
of coal stored in the coal bunkers, and then it would 
have to' effect a very oblique penetration through the 
sloping sides of the 3-inch deck. If it should pene
trate the 3-inch steel deck, several feet more of coal 
would be encountered, and it is pretty safe to say that 
such fragments of the shell as might reach the vitals 
of the ship would have lost so much of their velocity 
as to be capable of doing very little harm when they 
got there. 

One of the greatest improvements that has been 
made in the modern battleships, as compared with 
such old vessels as the "Oregon" and "Massachusetts," 
is the great increase in the freeboard, the upper or 
main deck of our latest battleships being from 8 to 10 
feet loftier than that of the early battleships. This 
change is twofold in its advantages. In the first place, 
it provides very liberal berthing space and living ac
commodations for the officers and crew, and in the 
second place the command (height above sea level) of 
the guns is proportionately increased, and the vessels 
are much more comfortable in a seaway. The water, 
which is shown in our front page engraving as fiying 
over the bows and across the turrets of the battleship, 
is simply surface spray; and it will be only in the very 
heaviest weather that green seas will be shipped. It 
will be a very rare case, indeed, when our latest bat
tleships will be unable to cast loose their guns for ac
tion. 

A NeW' Star. 

A telegram has been received at the Harvard Col· 
lege Observatory from Prof. Kreutz at Kiel Observa
tory, . stating that a new star was discovered by Prof. 
Wolf, at Heidelberg, Germany, September 21.4388d. 
Gr. M. T. in R. A. 20h. 14m. 57s. and Dec. +3.7 deg: 
9 min. 49 sec. 
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