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To all whom & may cerwﬂrm - |
Be it known that I, Oscar M FRYRMAN, a

- citizen of the United States, residing at St.
~Paul, in the county of Ramsey and State of

Minnesota, have invented a certain new and

useful Improvement in Telephone Apparatus.

of which the followingis a full, clear, concise.

~and exact description, reference being had to

10

“at a distance.

20

the accompanying drawings, forming a part
of this specification. . S

My invention relates to telephone appara-
tus, and more particularly to means employed

for transforming sound-vibrations into varia-

tions of an electrical cu rrent adapted to be im-

pressed through the interposition of suitable.

conductors upon rece1ving instruments placed
It 1s now the common practice
In the telephonic art to employ an induction-
coll one winding of which is connected with
the transmission-line over which voice-cur-

~rents are to be transmitted and the other

winding of which is connected through a

source of current with a microphone-trans-

mitter. The vibrations of the diaphragm of
the microphone-transmitter in conformity
with the sound:vibrations impressed there-

~upon caunse variations in the resistances of the
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- tion-coil. These variations in the strength
of the current in the primary windinginduce |
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microphone of the transmitter, thereby caus-

1ng undulations in the strength of the current

flowing through the primary of the induc-

rapidly-alternating currents in the secondary

winding, which currentsare frequently known

as " telephonic voice-currents.”. The iron core
of the induction-coil is magnetized to a con-
siderable extent by the continuous passage of

current through the primary winding, this

current continuing of greater or less strength
at all times during which the transmitter is

connected in circuit in a manner adaptable

for the purpose of transforming sound-waves.
As is well known by those skilled in the art,

1t requires a greater expenditure of electrical !
energy to produce a given change in the
number of lines of force threading the iron
~core when the said core is saturated or par-
tially saturated with lines of force than
when the said core is in a neutral condi-
50 tion, in which no lines of force are threading

it. The strength of the currents induced in

the secondary  winding of an induction-coil -
depends directly upon the rate of change in

the number of lines of force threading the
secondary coil. It is therefore desirable that

a given expenditure of electrical energy, or

in telephone practice that a given amount of

energy in a sound-vibration, shall cause the

greatest possible variation in the number of

lines of force threading the secondary of the

induction-coil employed. As the frequency
ot the sound-vibrations cannot be varied or
controlled at will, this in practice amounts to
the same thing as saying that it is desirable
that the rate of change in the number of
lines of force threading the induction-coil be

‘as great as possible. . The greatest possible
rate of change in the number of lines of

force threading an induction-coil core oceurs
when the direction of the lines of force

changes—that is, when the polarity of the

core changes.
It is the principal object of

my invention to

provide means for impressing voice-currents
upon.a transmission-line wherein the core of

the induction-coil employed is normally in a
substantially neutral condition magnetically

and whereby the operation of suitable micro-

phones corresponding with sound-vibrations
of a transmitter-diaphragm may cause varia-

trons in the number of lines of force thread-

ing the induction-coil core on either side of

zero. It has heretofore been attempted to

use induction-coils for telephonic purposes in
which the number of lines of force threading
the induction-coil core was made to vary on

either side of zero; but the transmitters with
which it has been attempted to attain this re-

sult have not been suitable for the purpose.
It has been attempted to use carbon button-
transmitters in which the transmitter resist-

ance was varied by a variation in the pressure
| between two carbon button-electrodes. Since
1t has been practically impossible to regulate
‘and adjust the normal pressure and resistance
between these pairs

_ of button-electrodes, it
has been practically impossible to properly
control the currents flowing through the in-
duction-coil windings. The variation in the

magnetization of the core at or near its neu-
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tral condition, in which 1t 18 most susceptible

to magnetic influence, and the rapidly-chang-
ing direction of the lines of force through the
core cause the greatest possible inductive et-
fect upon the secondary winding of the coll.
In this manner the amount of electrical en-

ergy and the amplitude of the variations of |

the voice-currents impressed upon the trans-
mission-line are very greatly enhanced.

My invention will be better understood by
reference to the accompanying drawings, in
which—

Figure 1 is a rear elevation of an improved
transmitter adapted to be used in connection
with my invention, the inclosing casing being
removed. Fig. 2 is a cross-sectional view of
the transmitter. taken on line 2 2 of Kig. 13
and Fig. 8 is a diagrammatic view represent-
ing a transmitter, a source of current, an in-
duction-coil, and a transmission-line embody-
ing the features of my invention.

1 have illustrated a transmitter having a
front plate 6, into a suitable opening 7 1n the
front of which the hard-rubber mouthpiece 8
is serew-threaded. A main diaphragm 9, pro-
vided with a suitable soft-rubber cushion 10,
is held in position against the front plate 6
by means of the spring-clips 10" 10, each pro-
vided with a rubber sole 11. To the rear ot
the front plate 6 a bridge 12 is secured by the
machine-screws 13 13. An adjusting-screw
14 adjustably secures the stem 15 to the
bridee 12, the stem 15 carrying at its forward
end an electrode-plate 16, to the front side of
which the carbon electrode 17 is secured.
Serew-threaded upon the electrode-plate 16 1s
a hard-rubber tube 18, forming with the elec-
trodes chambers 19 and 20, each containing
oranular carbon, as shown. A stem 21 rig-
idly connects the diaphragm 9 with a pair of
electrode-plates 22 and 23, to which the carbon
electrodes 24 and 25, respectively,are tastened.
Between the electrode - plates 22 and 23 1s
clamped a thin flexible auxiliary diaphragm
96, preferably of insulating material, such as
mica. This mica diaphragm is desirably se-
cured to the walls of the electrode-chamber,
hetween a shoulder 27 of the tube 18 and a
clamping-ring 28, screw-threaded into the for-
ward end of the tube 18. The front electrode-
plate 29 is screw-threaded into the forward end
of the tube 18 and is provided upon its rear face
with a carbon electrode 80. A bushing 31, of
felt or similar material, surrounds the stem
91 and prevents the escape of carbon granules
from the electrode-chamber. Clamped be-

tween the nut 32 and the diaphragm 9 isa

6o
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connecting-clip 83, from which a conducting-
wire leads to an insulated terminal screw 34.
A conducting - wire 35 electrically connects
the front electrode 30 with an insulated ter-
minal 86. An electrical connection with the
rear electrode 17 is made by means of the ter-
minal screw 37. An inclosing casing 38 1s

provided through an opening at the rear of
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which suitable conducting-wires may beled to
the terminal points within. 1t will be seen
that the front and rear electrodes and the -
termediate electrode are electrically insulated
one from the other, except for the presence
of the intervening oranular carbon, through
which current may pass from one to the other.
1t will be seen that this construction provides

 two microphones, one comprising the rear

olectrode 17 and the intermeniate electrode 24,
with the intervening carbon, and the other
comprising the front electrode 30, the mter-
mediate electrode 25, and the granular carbon
in the chamber 20. The vibration of the main
diaphragm9 causes identical vibrations of the
intermediate electrode comprising the elee-
irodes 24 and 25, the flexible miea diaphragm
permitting the movement of the intermediate
clectrode relatively to the stationary clee-
trodes 17 and 30. It will be secen that a move-
ment of the main diaphragm toward thoe rear
will cause a compression and a corresponding
decrease in the electrical resistance of the
oranular carbon in chamber 19, while a for-
ward movement or the main diaphragm causes
a compression and consequent deerease in the
vesistance of the carbon granules in the ¢ham-
ber 20, intervening between the clectrodes 25
and 80. It will of course be apparent that
the compression of the granules in cither of
the chambers 19 or 20 is accompanied by cor-
responding decrease in the compression of the
oranules in the other chamber. Thus while

. the electrical resistance hetween the electrodes

25 and 30 is decreased the electrical resistance
between the electrodes 17 and 24 1s corre-
spondingly inereased, and vice versa.

The manner of electrically connecting my
improved transmitter will be apparent [rom
an inspection of Ifig. 3. In IKig. 3 the trans-
mitter-electrodes are diagrammatically illus-
trated at 17, 24, 25, and 30.  In Ifig. 3 1 have
diagrammatically illustrated a transmission-
line between whose imbs 39 and 40 there are
connected a receiver 41 and the secondary
winding 42 of an induction-coil whose 1ron
core 48 is also wound with two primary wind-
ings, as shown. In order to distinguish the
two primary windings, onc of them (the wind-
ing 44) is illustrated by a dotted line. The
primary windings 44 and 45 are connected,
through a common source of current 46, with
the transmitter-clectrodes, as shown.  Trac-
ine the current from the positive pole of the
hattery 46, it will be seen to divide, part flow-
ing in the direction indicated by the arrow-
heads. through the winding 44 of the induction-
coil, to the electrode 17, thence through the
intervening carbon granules to the clectrode
94, and thence to the negative pole of the bat-
tery 46, and part flowing in the direction indi-
cated by the arrow-heads, through the wind-
ing 45, to tho clectrode 30, thence through the
carbon granules and the intermediate electrode
25 to the negative pole of the battery 40.
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It is desirable that the number of ampere- |
turns in the primary windings be. substan- :
tially equal. Thus if the primary windings,

as 1s desirable, are each of the same number of-

turns it is desirable that the resistance of each
of the transmitter-microphones be the same.

The resistances of the transmitter - micro-

phones may be made substantially equal by
providing substantially equal distances be-
tween the intermediate electrodes and the
front and rear electrodes, respectively. The
carbon button-transmitters of the prior art

‘which it has been attempted to use in the man-
ner herein described have not proved satisfac-
tory for the purpose. One of the principal dif-
ficulties encountered is that it is extremely dif-
icult to properly regulate and adjust the nor-

mal resistance between the electrodes of a car-

bon-transmitter in which the variations in the |

resistance are caused by variations in pres-
sure between the carbon electrodes. It will

be seen from the direction of the arrow-heads

- placed on the windings 44 and 45 that the cur-
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rents traversing these windings are in oppo-
site directions and if, as is desirable, under

normal conditions,when no sound-wave is be-
ing 1mpressed upon the transmitter - dia- |
phragm, the resistances in the two paths
through the transmitter are substantially the
same there will be no net energization of the.

induction-coil core 48.. A sound-wave im-

crease the resistance through the circuit in-
cluding the winding 44 and cause an increase

same time the resistance in the circuit includ-

ing the winding 45 will be increased, causing

~a corresponding decrease in the current flow-

45
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ing therethrough. The effects of these cur-.

rent changes in the windings 44- and 45 are
addative so far as the magnetic energization
of the core 43 is concerned. Thus the total
change in the number of lines-of force thread-

1ing the induction-coil core is twice as oreat

as would under otherwise. similar conditions

be produced by but one transmitter - micro-

~ phone, as is now commonly employed in prac-
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tice. The inductive effect upon the secondary
winding 42is, furthermore, greatly increased.

~ due to the fact that the saturation or magnet-
1zation of the induction-coil core 1s very low,

whereby a slight change in the strength of
the energizing-current causes a large change

~1n the number of lines of force threading the

core. Furthermore, the currents induced 1n

the secondary winding ‘are dependent in .
strength upon the rate of change in the num-
ber of lines of force threading the core 43. |
Thus upon the reverse or forward movement:
of the diaphragm 9 and the intermediate elec-
05 trodes 24 and 25 the current through the pri- |

~change i
~of the core 43.

duce very great inductive e

‘mary winding 44 is decreased, while at the’
same time the current through the primary

winding 45 is increased. This causes a rapid
in the polarity of the magnetization
A change in the magnetiza-
tion of the core from a flux in one direction

to a flux in the reverse direction causes the

‘greatest possible rate of change that can
‘be attained. It is obvious that the rapid
change in the number and the direction of the

lines of force threading the core 43 will pro-
Tects upon the
secondary winding 42. The increased elec-

‘trical energy and the increased amplitude of

the variations of the telephonic voice-currents
In the secondary winding provide means

whereby an improved voice transmission of
very great power may be secured. -
~ For purposes of mechanical construction L.
‘havefounditdesirable tousetwoseparate disks
ot carbon to form the intermediate electrodes;
but as these two electrodes are conductively
connected together by the electrode-plates

and the stem to which they are riveted they
may be considered from an electrical stand-

point as one single intermediate electrode. In
the following claims, therefore, I shall refer

to the intermediate conductive whole, which
malkes contact with the granular carbon in

“both of the chambers 19 and 20, as a single in-
termediate electrode. - ' |
pressed upon thediaphragm 9,causinga move- |
ment of the intermediate electrode toward the -
rear, will compress the granules in the cham-

ber 19 and cause an expansion between the
~granules in the chamber 20. This will de-

While T have ‘he-rein-shdwn aﬁd' de'scribéd.

one preferred embodiment of my invention.
1t will be apparent to those skilled in the arf -

that many modifications may be employed

‘without departing from the spirit thereof. I
do not, therefore, wish to limit myself to the
_ ‘precise disclosure herein set forth: but,

ow of current therethrough. At the |

- Having described my invention, I claim as

‘new and desire to secare by Letters Patent—
1. Ina telephone-transmitter, the combina-
tion with a diaphragm thereof, of two rela-

tively stationary electrodes, an intermediate
electrode, a mechanical connection extending

between said diaphragm and said intermedi-
ate electrode, a tube of Insulating material

surrounding said intermediate electrode and

‘connecting said relatively stationary elec-
trodes to form therewith an electrode:cham-
ber, a flexible mica diaphragm upon which
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said intermediate electrode is supported, an -

annular shoulder upon the interior of said
‘tube against which the periphery of said flexi-

ble diaphragm rests, a clamping-ring adapted
for insertion from one end of said tube for
clamping said flexible diaphragm against said
annular shoulder, said flexible diaphraom di-

120

viding the electrode - chamber into two com- . -

partments and permitting movement of said
intermediate electrode with respect to said

relatively stationary electrodes, and granular

carbon interposed between the electrodes in

each of the compartments of said electrode-

chamber. _ . .-
2. Ina telephone-transmitter, the combina-
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tion with a diaphragm thereof, of two rela-
tively stationary electrodes, an intermediate
electrode, a mechanical connectlon extending
between said diaphragm and said intermedi-
ate electrode, a tube of insulating material
surrounding sald intermediate electrode and

connecting said relatively stationary elec-

trodes to form therewith an electrode-cham-
ber, a flexible mica diaphragm upon which
said intermediate electrode 1s supported, an
annular shoulder upon the interior of said
tube against which the periphery of said flexi-
ble diaphragm rests, a clamping-ring adapted
for insertion from one end of said tube for
clamping said flexible chaphl aom against said
annular shoulder, said { lexible. dla,phr'aom d1-
viding the c.:mmber into two compartments
and permitting movement of said intermedi-
ate electrode with respect to said relatively
stationary electrodes, granular carbon inter-
posed between the electrodes in each of the
compartments of said electrode-chamber, and
an Induction-coil having two dlﬂferentmlly-
connected primary windings, each connected
in an electrical circuit including said inter-
mediate electrode, one of sald relatively sta-
tionary electrodes, the intervening granular
carbon, and a source of current.

3. Ina telephone-transmitter, the combina-
tion with a diaphragm thereof, of two rela-
tively stationary electrodes, an intermediate
electrode, a mechanical connection uniting

said dlaphra,e"m and said intermediate elec—
trode, a tube of insulating material surround-
1ng said intermediate ele(,trode and at 1ts ends
havmg screw-threaded engagement with said
relatively stationary electr ‘odes to form there-
with an electrode - chamber, a flexible mica
diaphragm for supporting said intermediate
electrode, an annular shoulder upon the mnte-
rior of said tube against which the periphery
of said flexible diaphragm rests, a clamping-
ring adapted to be screwed into the front end

of said tube to clamp said

“and permitting movement of

778,409

flexible diaphragm
against said shoulder, said flexible diaphragm
dividing the chamber into two compartments
said intermedi-
ate eclectrode with respect to said relatively
stationary electrodes, and granular carbon n-
terposed between the electrodes in each of
the compartments of said elecetrode-chamber.

4. Ina telephone-transmitter, the combina-
tion with a diaphragm thercof, of two rela-
tively stationary electrodes, an intermediate
electrode, a mechanical connection uniting
said- diaphragm and said intermediate clee-
trode, a tube of insulating material surround-
ing sald intermediate electrode and at its ends
"nmnﬂ serew-threaded engagement with said
1"61.:1-’51\?(3]3? stationary electt odes to form there-
with an electrode-chamber, a flexible mica di-
aphragm for supporting said intermediate
electrode, an annular shoulder upon the mte-
rior of said tube against which the periphery
of said Hlexible diaphragm rests, a clamping-
rine adapted to be serewed into the front end
to clamp said flexible diaphragm against said
shoulder, said flexible diaphragm div idime the
electrode - chamber into two compar thents
and permitting movement of said intermedi-
ate electrode with respect o fm“d relatively
stationary electrodes, granular carbon mter-
posed between the electrodes in cach of the
compartments of said cleetrode-chaniber, and
an induction-coil having two differentially-
connected primary wm(_hngm wach conmeeted
in an electrical eircuit including said imterme-
diate electrode, one of said relatively station-
ary electrodes, the intervening granular car-
bon, and a source of current.

In witness wherecof I hercunto subscribe my
name this 14th day of April, A. D. 1803,

OSCAR M. FRYIKMAN.

Witnesses:
Joux Honman,
J. O. Vigun.
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