
No. 854,120, PATENTED MAY 21, 1907. 
J, S, STONE, 

DEWICE FOR AMPLIFYING ELECTRICAL CURRENTS, 
APPLICATION FILED MAY 23, 1906, 

2. SHEETS-SHEET l. 

i i Y ---------------------------- Arrer--------- 

| - -3. 

g 9-2 
i M 27 C) 3. a2/ 

s - - - - - - -: 

9 Mó' 72 
Mf a? A. i. 

f. EE 1 
- - - Y : 2 -- -- m 

2 (7. Erg 2 Z7 
2 

: r 2% 
R. 25 

- 72 f 

C) a 7 Ø 4. (G-a/ 
----------ar--------- ------ 

Fi-1- 

Witness E S N\s TRs 
6/57.4. test st 
v/6 (, ... Ay- As a carry, 

  

  



No. 854,120, PATENTED MAY 21, 1907. 
J. S, STONE, 

DEWICE FOR AMPLIFYING ELECTRICAL CURRENTS, 
APPLICATION FILED MAY 23, 1906, 

2. SHEETS-SHEET 2. 

- 4 
I 

t 

R 

, TNesses = F NVENTors 
ife. J.C., so i - eit at 

  



UNITED STATES PATENT OFFICE. 
JOHNSTONE STONE, OF CAMBRIDGE, MASSACIIUSETTS, ASSIGNOR TOJOHN 

A. CHRYSTIE, LOUIS DUNCAN, 
YORK, N. Y. 

AND WALTER H. TURNER, ALL OF NEW 

DEVICE FOR AMPLFYING ELECTRICAL CURRENTS. 

No. 854,120. Specification of Letters Patent. ratented May 21, 1907. 
Application filed May 23, 1906. Serial No. 318,306. 

To all whom it tru(tly concern. 
Be it known that I, JOIN STONE STONE, a 

citizen of the United States, and a resident of 
Cambridge, in the county of Middlesex and 

5 State of Massachusetts, have invented a new 
and useful Improvement in Devices for Am 
plifying Electrical Currents, of which the fol 
lowing is a specification. 
My invention relates to devices for ampli 

O 

which vary in accordance with the sonorous 
vibrations accompanying vocal or other 
sounds, and it relates more particularly to 
devices of such character which are adapted 
to amplify without distortion the currents, 
and hence the sounds produced by telegra 
phones. 
The primary object of my invention is to 

produce a device for amplifying such elec 
trical currents, in which the diaphragm or 
armature which is actuated by said currents 
and which in turn serves to actuate the mov 
able electrode of a microphonic transmitter is 
maintained in a condition of stable equilib 
rium; and a secondary object of my invention 
is to provide a device for amplifying without 
distortion the currents, and hence the sounds, 
produced by telegraphones. 
With these objects in view my invention 

consists in a device for amplifying electrical 
currents, in which a diaphragm or armature 
and the movable electrode of a microphonic 
transmitter are maintained in a condition of 
stable equilibrium between a magnetic force 
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35 for all positions of said diaphragm and elec 
trode directly as said magnetic force, and 
such mechanical force may, with a sufficient 
degree of approximation, be applied by an 
elastic ARE the tension of which increases 
as the square of its deflection. 
My invention may best be understood by 

having reference to the drawings which ac 
company and form apart of this specification, 
and which illustrate one form of apparatus 
and arrangement of circuits whereby the 
hereinbefore mentioned objects may be car 
ried into effect, although it is to be understood 
that I do not limit myself to the particular 
embodiments therein illustrated inasmuch 
as many modifications may be made both in 
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fying electrical currents, however produced, 

and an opposing mechanical force which varies 

ments without departing from the principle 
of my invention. In the drawings, Figure 1 is a plan view of 
my invention, showing the circuit arrange 
ments in diagram. Fig. 2 is a longitudinal 
Section taken on the line 2-2 of Fig.1. Fig. 
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3 is a cross section taken on the line 3-3 of 
Fig. 2 

s: - . In the drawings, D D' represent rollers on 
which the magnetizable wire C is wound. 
By mechanisms which are now well known 
and which form no part of my invention, the 
magnetizable wire C has its magnetism modi 
fied in accordance with the sonorous vibra 
tions which accompany vocal or other sounds 
and is moved past the electromagnet A, being 
maintained always closely adjacent to the 
core of said electromagnet. As is now well 
understood by those skilled in the art of teleg 
raphones, the relative motion produced be 
tween said magnetizable member C and said 
electromagnet will produce feeble currents in. 
the circuit of the solenoid which constitutes 
part of said electromagnet and if a telephone 
receiver be included in circuit with said so 
lenoid sound waves will be produced corre 
sponding more or less accurately to the origi 
nal sonorous vibrations whereby the magnet 
ism of the member C originally was varied. 
These sound waves, however, will be ex 
ceedingly minute, and although various at 
tempts have been made to amplify the cur 
rents produced by telegraphones and the re 
sulting sounds produced by said currents in 
telephone receivers, I am advised that as yet 
no such attempt has been commercially suc 
cessful. 
As shown in Fig. 1, the circuit of the solen 

oid which constitutes part of the electromag 
net A, includes the serially-connected coils 
6, 6 which surround cores secured to the per 
manent magnet 6', the cores of said coils and 
said permanent magnet being secured to the 
cross piece 5 of brass or other non-magnetic 
metal. In lieu of a telephone diaphragm op 
erated upon by the magnetic flux created by 
the currents flowing in the coils 6 for repro 
ducing as sonorous vibrations the electric vi 
brations developed in the circuit of the coils 
6 by the motion of the magnetizable member 
C past the electromagnet A, I cause said flux 

the apparatus and in the circuit arrange- to produce relative movements between the 
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electrodes 12 and 12 of a microphonic trans 
mitter and associate in any suitable manner 
the sound-producing mechanism with the 
circuit, which includes said electrodes and the 
carbon granules 14 which separate them. 

In the particular embodiment of my inven tion which is shown in the drawings, the Sup 
port 2 which may be of brass, is secured to the 
base 1, which may be of any suitable material, 
and carries the bolts 3, 3, which may be 
threaded through said support 2 and held in 
position by lock nuts. The cross piece 5 is se 
cured to said bolts on one side of said support 
and the cross piece 4 is secured to the bolts on 
the other side of said support. The frame 16 to 
which the fixed electrode 12' and carbon-con 
taining capsule 15 are secured is bolted to the 
frame 2 and affords means for connecting 
said fixed electrode to the binding postc. 
The movable electrode 12 is secured to the 
screw 13, and the screw 13 and aluminium 
frame 17 are secured to the diaphragm 8 by 
means of the nut 13. The armature 7 of the 
electromagnet 6, 6 is threaded on the project 
ing end of the screw 13. A lock nut 15' is 
employed to secure the mica diaphragm 23 
between the carbon containing capsule 15 
and the nut 22. As shown more clearly in 
Fig. 1, the carbon containing capsule 15 is 
knurled for purposes of ready adjustment 
and when adjusted is secured in the frame 16 
by a set screw 16". 
The diaphragm S may be secured to the 

support 2 by means of the springs 10 which 
carry rubber washers on their ends, and as 
shown the diaphragm 8 may have its pe 
riphery covered by a rubber washer 9 or 
other suitable material for insulating it from said support 2. 
The wire ac is secured to the insulating 

block 24 and is connected through the bind 
ing post d to the battery B and the primary 
I of the transformer M. The wire y is con 
nected to the frame 2, which as above stated, 
is conductively connected to the fixed elec 
trode 12 through the frame 16. As most 
clearly shown in Fig. 2, the wire a is con 
ductively connected to the movable elec 
trode 12 through the intermediary of the 

5o lock nut 22 and the screw 13. The wire y is 

55 

then connected through the binding post c to 
the primary of the transformer M, thus com 
pleting the circuit through the two electrodes 
12, 12, the carbon granules 14, battery B 
and the primary of the transformer M. 

In lieu of employing an electromagnet con 
nected in series with the coils 6, 6 for the pur 
pose of retracting the diaphragm 8 and its 
attached electrode 12, I use a mechanical re 
tracting means consisting of an elastic mem 
ber 20 so tensioned that the force exerted by 
it to move the electrode 12 back to its normal 
position varies directly over a wide range of 
positions of said electrode approximately as currents varying in accordance with sonorous 

55 the force exerted thereon by the electromag- vibrations, a microphonic transmitter com 
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nets 6, 6. 
cured to the extension 18 of the frame 17 by 
the nut 19 may be employed, and its tension 
may be adjusted by the adjusting screws 20' 
which are threaded through the bolts 3, 3. 
When said wire is so constructed and ar 
ranged that its tension varies as the square 
of its deflection, it will be evident that the 
movable electrode 12 and the moving parts 
secured thereto are in a condition of stable 
equilibrium, for the force exerted on said 
movable electrode by the electromagnets 6, 6 
varies inversely as the square of the separa 
tion of the armature 7 from the cores of said 
electromagnets. By thus maintaining. the 
movable electrode in a condition approxi 
mating closely that of stable equilibrium 
during the operation of the apparatus, it will 
be apparent that during such operation of 
said apparatus the only work required to be 
done by the magnetic flux developed in the 
electromagnets 6, 6 is the overcoming of the 
inertia of the movable electrode 12 and its 
connected moving parts as distinguished 
from the overcoming of the inertia of said 
parts and a retractile force. In this man 
ner, the variations effected in the resistance 
of the circuit of the battery B and micro 
phonic transmitter are greatly amplified with 
the result that the sounds produced by a tele 
phone receiver included in said circuit are 
much louder than they would be were the 
usual magnetic retractile force employed in 
lieu of the member 20 and also distortion is 
greatly diminished. Instead of connecting 
the telephone receiver directly in the circuit 
of the battery B and microphonic transmit 
ter, I prefer to connect said telephone re 
ceiver T in series with the secondary I, of the 
step-up transformer M, the primary of which 
is included in series with the battery B and 
microphonic transmitter, inasmuch as such 
arrangement results in a still further ampli 
fication. 
By inclosing the apparatus in the bell-jar 

25 and evacuating said jar, as by an air 
pump attached to the orifice 21, the move 
ment of the electrode 12 which is effected by 
the feeble magnetic forces which operate 
upon the armature 7 may be increased on ac 
count of the resulting reduction of friction, 
and the current variations created in the cir 
cuit of the battery B may be correspond 
ingly amplified. For the purpose of main 
taining the vacuum in the bell-jar 25, the 
binding posts a b c d, may extend through 
the base 1 and the external circuits of the 
magnets 6, 6 and the microphonic transmit 
ter may be connected to the lower ends of 
said binding posts as indicated in the dotted 
lines in Fig. 1. 

I claim 
1. In an apparatus for amplifying electric 

For this purpose a wire 20 so 
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prising a fixed and a movable electrode, magnetically operated means for moving 
said movable electrode in One direction and 
mechanical means or moving said electrode 
in the opposite direction, said mechanical 
means being so constructed that its tension 
varies as the square of its deflection. 2. In an apparatus for amplifying electric 
currents varying in accordance with Sonorous 
vibrations, a microphonic transmitter com 
prising a fixed and a movable electrode and 
means maintaining said movable electrode 
in a condition of stable equilibrium during 
the operation of the apparatus. 

3. In an apparatus for amplifying electric 
currents varying in accordance with sonorous 
vibrations, an armature, a microphonic 
transmitter comprising a fixed and a mov 
able electrode, means securing said movable 
electrode to said armature, magnetic means 
for actuating said armature, and mechanical 
means secured to said movable electrode and 
exerting thereon a force in opposition to the 
force exerted thereon by said magnetic 
means, said mechanical means being so con 
structed that the force exerted thereby on 
said movable electrode varies for all posi tions of said electrode directly as the force 
exerted thereon by said magnetic means. 

4. In an apparatus for amplifying electric 
currents varying in accordance with sonorous 
vibrations, a microphonic transmitter com 
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prising a fixed and a movable electrode, an 
armature secured to said movable electrode, 
lmagnetic means for moving said movable 
electrode in one direction; and an elastic 
member secured to said movable electrode 
for moving the same in the opposite direc 
tion, said elastic member being so construct 
ed that the force exerted thereby on said 
movable electrode varies for all positions of 
said electrode directly as the force exerted 
thereon by said magnetic means. 5. In an apparatus for amplifying electric 
currents varying in accordance with sonorous 
vibrations, a microphonic transmitter com 
prising a fixed and a movable electrode, an 
armature secured to said movable electrode, 
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magnetic means for moving said electrode in 
one direction and a wire secured to said mov 
able electrode for moving the same in the 

| opposite direction, said wire being so ten 
sioned that the force exerted thereby on said 
movable electrode varies for all positions of 
said electrode directly as the force exerted 
thereon by said magnetic means. 

ln testimony whereof, I have hereunto 
subscribed my name this 17th day of May 
1906. 

JOHN STONE STONE. 

Witnesses: 
GEO. K. WoODWORTII, 
E. B. ToMLINSEN. 

So 
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