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To all whom it may concern:.

Be it known that I, Naraanter G. WarTH,
a citizen of the United States, residing at
Columbus, in the county of Franklin and
State of 6hio, have invented a certain new
and useful Improvement in Telephone-Re-

aters, of which the following is a speci-

cation. v

The present invention is directed to a
novel form of telephonic repeating relay
for use in relaying or repeating and rein-
forcing telephonic currents with a view to
increasing the practical distance, or range,
of direct telephonic transmission beyond the
distances ordinarily attained or - feasible
with a given circuit and for the various
other classes of service to which repeaters

By reason of the feebleness of speech and
other telephonic currents generally, trans- |
mitters and receivers, or, the speech or cur-

rent reproducing apparatus must be very

sensitive and nicely proportioned to the

forces involved. The transmission or line

losses are relatively considerable, and se-
riously limit the range of direct transmis-
sion, so much so, that, for iron circuits the
commercial distance is restricted to about
200 miles, and even with the best copper cir-
cuits transmission is not usual beyond 1000
miles. Thus, it is apparent that the volume
of current available at the distant terminal
of a very long circuit is vanishingly small,
and even with the best commercial forms of
telephone-receivers it is extremely difficult
to secure sufficient movement or actuation of
the diaphragm to produce audible articu-
late sounds. When that condition is true
with a high class receiving telephone, the
diaphragm of which is free, and not encum-
bered or impeded in its action by being at-
tached to or connected with a repeating-
transmitter, it will be clear, contrary to the
usual arrangement of such apparatus, that
a repeating-relay must be of extremely deli-
cate and sensitive construction and its mo-
bile parts must, as to their size and inertia,
be so organized and proportioned as to be
well within the moving power of the small
forces available for their operation. Here-
tofore ‘many attempts to so organize and
proportion such parts, or elements, of re-

'peating-relays to their available currents

have been made, and most of such attempts

‘have been absolute failures, for the reason,
‘that, though constructed with a view to the

above stated requirements, invariably the
were much- less sensitive than the ordi-

‘nary receiving-telephone, being so burdened

with multiplied parts and restraining dia-
phragms, that even an initial, or maximum
current, undiminished by transmission,
would be incapable of actuating them. Re-
lays which have been considered fairly suc-
cessful, are so inefficient that, to secure ac-
tuation, they must be connected to a line at
a point well within the range of ordinary
direct commercial transmission and from
such location they have been unable to in-
crease beyond about thirty per centum such
ordinary transmission, or practical service

‘distance.

The object of this present invention there-
fore is to increase the present range of com-

‘mercial transmission for all classes of tele-
-phonic long-distance cross-country and cable

circuits and to do so economically.

In practicing my invention I utilize an
electro-magnetic principle and effect, based
on what 1s known as the “Page effect”
which, while well known to physicists, has
not been practically utilized so far as I am
informed, either in such apparatus or in
any apparatus of the electro-mechanical
arts. The peculiar electro-magnetic effect
mentioned comports with the delicacy and
exactness in construction of apparatus men-
tioned as requisite in such mechanisms, yet
in practice its use accomlplishes the results
desired with comparatively great vigor and
amplitude.
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Heretofore in all practical or successful .

electro-mechanical repeating-relays an os-
cillatory magnetically attractive armature
of some form, has been associated for actu-
ation, with some form of electro-magnet,
to be by it, mechanically vibrated in a man-
ner to conform to the variations of the cur-
rents influencing the electro-magnet, and

'such armature, being the sole means of actu-

ation, has been connected with, or has
formed a part of, a microphonic or resist-
ance-varying transmitter, adapted to re-

‘transmit, or renew, the actuating currents.
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In relays of such older type, the type ex-
plained as having a vibratory magnetically
attractive armature only:for actuation, the
entire magnetic-effect available is that
which is manifested or exerted in the mag-
netic-pull, or push, as the case may be, due
to the attractive power of the core of the
electromagnet, usually arranged as a pole
attraction. This effect, for currents of the
telephonic characteristic, is not, I find, effi-
10 . . . <
cient, mainly, I assign, for the following
reasor. The cores of such magnets are com-
paratively massive and are usually attached
to permanent magnets which also have con-
45 Siderable mass. Such cores while largely
impermeable to the highly transitory and
quick-acting small magnetic-excitations
caused by such telephonic-currents and in
which the resulting magnetic effects are
20 Supposed to be confined to the metal adja-
cent the winding, do, because of the mass of
the magnetic metal, permit many of the
lines-of-force set up, to be completed and
retained therein. ence, the armature is
g5 deprived of muéh of the magnetic effect and
is attracted with only the power of the lines-
of-force straying or spreading to, or through
it. To secure Improved results in this re-
spect I have greatly reduced the mass, or
g0 cross-section; of the core and have changed
its form. I have found that a very elon-
gated coil having a very slender core will,

when arranged according to my invention:

give a longitudinal movement and a thrust
35 of the end of the core in proportion, due to
its magnetic-expansion when acted upon by
the telephonic-currents and such action is
highly effective as to sensitiveness, éxactness
and power. For communicating electro-
40 mechanical vibrations to a repeating-trans-
mitter for its actuation, I have satisfac-

torily combined this new instrument with -

the old thus retaining and utilizing the at-
tractive vibratory armature and thereby

45 producing an instrument of greatly in-

creased efficiency. )
In the accompanying drawing: Figure 1,
is an 1llustration in side elevation with some
. parts in section of a simple form of my im-
50 proved relay, embracing only the new fea-
tures and arrangement of a;f)lparatus to se-
cure the new operation and effect, accordin
to the electro-magnetic and mechanica
. principles involved. Fig. 2 is a similar view
85 illustrating a form of my improvement
wherein is embraced the features and char-
acteristics illustrated in the foregoing figure,
together with an armature adapted to com-
bine the operations and effects of my new
60 mode with those of the usual form. Fig. 3
is a similar view illustrating a modification
of what is shown in Fig. 2 with the micro-
phone of the granular type instead of the
ordinary type as shown in Fig. 2. Fig. 4 is
65 a detail view of a modification wherein the

microphone is associated with the expan-
sible core by means of an amplifying arm or
lever to augment the movements or actions

upon the transmitter. Fig. 5 is-a view simi--

lar to Figs. 1, 2 and-3 illustrating the relay
with its parts properly proportioned as to
each other except as to tﬁe Eengths of core,
coils and base. Fig. 6 is an illustration de-
picting the cessation of magnetization in a

core and extending beyond an energizi

coil. Fig. 7 is a graphic illustrstion o

7

75

curves showing the relationship and limita-

tions of core diameters permissible with cur-
rents of telephonic characteristics.

In the type of relay shown in Fig.’1 the
receiver winding or coil H and the core C
for converting the energy of the incoming
currents into motion for%ie actiation of the
repeating-transmitter T, may be a foot or
more in length. The effectiveness in the ex-
E:nsion of the core for a given current will

proportional to the length of the coil,
dependent upon its resistance, in ohms: and
henries, until a critical or maximum wind-
ing, in depth and length of same, is reached.
With a relay having a 12 inch coil, wound
with No. 36 silk covered magnet-wire, meas-
uring about 120 ohms and having a No. 14
circular steel core, 14 inches in length
have secured very wsatisfactory resuits‘;'
With proper refinements in form, dimen-

sions and -in the exactness of construction,
the efficiency’ may be increased.” The effi-.

ciency of this relay resides particularly in-
the attenuated core. which must be of a

length sufficient to secure a movement or

forward thrust of its free end F?, the other

the transmitter.. I prefer a solid core, cy-
lindrical in form, but the core may be of ir-

-regular form, or_ tubular. If tubular in

form it should be divided or split longitu-
dinally, to prevent loss in effect Erom the sét-
ting up of eddy-currents therein. The core,
of whatever cross-section as to form, should
preferably, be straight and very slender an

of small mass, to enable the feeble forces

available to have as complete a magnetizing

effect as possible.  Should the core be too
thick .or massive, the effects of completin,
the lines-of-force -within it, as-explain

above, and hysteresis also will ensue.. The

unmagnetized section of the core will not
expand with thé magnetized portions, thus
preventing the desired elongation of the
core and dissipating much of the force re-
ceived by the coil in molecular friction and
heat set up within the core. The expan-
sion and the extent of the expansion of the
core is caused by its magnetization and.the
respective degree of magnetization and its
contraction ensues by its proportional de-
magnetization. It is immaterial whether
the core be of iron or steel, permanently
magnetized or not, as, unless saturated
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strongly, the molecular action and conse-
quent expansion is relative. The action be-
ing magnetic-molecular, the effect, in ac-
tual longitudinal movement, even for a core
14 inches in length, is, of course, quite mi-

nute, but from my observation of the effects |’

produced, I assume the movements are equal

to the oscillations of the ordinary free re- |

ceiver diaphragm when actuated by an equiv-
alent force or current. While this core ex-
pansion and contraction-effect is possible
even when the core has close extended con-
tact with the bore wall W of the coil, T pre-
fer that it should be free from contact
throughout the.bore of the coil by having
the co1l formed-up or wound on a non-mag-
netic non-metallic spool W2 having ‘a bore
sufficiently large to just clear the core when
alined through its center. The expansion
of the core when apparently retarded or in-
terfered -with by contact with the bore wall
of the coil, indicates its power as compared
with the usual armature action. This
demonstrates the fact that the force acting
upon the coil is strongly concentrated with-
in the core and when the core is, as to the
force, of proportionate size and form, it can
be utilized to secure its maximum effect in

movement and power for the actuation of

the repeating-transmitter. The elongation
of such a core is an inherent or natural func-
tion under the circumstances, involving only
a regular magnetic state given play, such as
would normally be set \ip under usual con-
ditions, entailing no loss of energy and al-
though such a core has considerable weight,
as compared with a small armature of the
usual type, yet there is an entire absence of
inertia as that term is usually applied, in
its operation. The extent of the core-ex-
ansion and contraction, all other factors
gein at their maximum, will depend upon
and be in proportion to the energy or force
impressed through the coil. This will be
true for telephonic currents, as, at a re-
peater-station they will never be of sufficient
strength to magnetically over-saturate the
core. In order to construct such a repeater,
there are certain limitations on which its
successful operation depends. These limi-
tations do not appear ever to have been in-
vestigated with this object in view. It is
therefore my purpose now to clearly estab-
lish and explain the conditions under which
this apparatus may be constructed in order
to successfully perform the function of a
They are as follows:
1. The core must be at least 10 inches
long. , :
9. The coil, or solenoid, must be nearly as
long as the core. 2
3. The core must
diameter.
The result might be obtained indirectly,
as, with a core only 5 inches long, but con-

be.. Iesé than 3 inch in

‘nected to a beam, or lever, which would

multiply the excursion of the microphone
electrode by 2, as shown in Fig. 4.

The specified dimensions are necessary be-

cause: _ ,

1. A transmitter diaphragm vibrates
through a distance of 25X10-* inch for
good transmission of speech. This figure
1s given as the result of extended experi-
mental investigation by Cross, using a
Blake transmitter. His observations in-
cluded also the excursion of the diathgm
of the so-called “ hammer and anvil ” migro-
phone, which, for good transmission
amounted to from 10 to 20 10-% inch. This
shows generally less excursion than the

70
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Blake, but the latter represents the direct

variation in distance between two points in
contact due to the vibrations of a diaphragm
connected to one of them, and it is there-
fore taken as bearing accurately on the pres-
ent case. Even were an excursion of
1010~ inch entirely sufficient, the limits
of construction set, would not be altered, as
they are taken very conservatively.

2. The maximum possible elongation of
the core requires a total length of 10 inches
in order to equal 25%10-% inch. This fact is
demonstrated by the researches of Bidwell
who showed that iron reaches a maximum
elongation, under increasing magnetizing

force, at a value for the latter of about 75
For smaller magnetizing.

¢. g s. units.
forces the elongation is less, and is roughly
proportioned to the value of the magnetiz-
g force. The maximum elongation given
is about 2.510-® inch, per inch of length
of the core. Therefore 10 inches of core
would, give a total elongation of 25X10-¢
inch, which is required for successful tele-
phonic transmission.

3. The magnetizing force of a coil such as
could be used for the purposes of a relay is
greatly inferior to that required to produce
maximum elongation of a core. This is
shown by the following numerical calcula-

‘tion, based on the fundamental approximate

formula,,
_4x NI
H 071
where H=magnetizing force in c. g.s. unit,
N=number of turns of wire of the coil,
I=the current flowing through the coil in

amperes, /=length of the coil, in cms., and

4z

10
is a. numerical constant, =1.256, Let the
coil be 10 inches long; of No. 36 B. & S.
gage silk covered copper wire. This wire
1s 0.005 inch diameter, bare, and approxi-
mately 0.01 inch diameter, outside of insu-
lation. This would allow a maximum of
100 turns per inch, per layer, and 1000 turns

-per layer of 10 inches.” If the coil were
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wound 25 layers deep, the total number of
turns would be 25000. :
. 4. Assuming a mean diameter of one turn
to be } inch, or a mean length of one turn
to be % inch (0.75 inch), the total length of
wire of the coil would be .75X25000=18750
inches=1562 feet. The resistance of No. 36
wire is approximately 400 ohms/1000 feet.
Therefore the resistance alone of the coil
would be 400<1.562=625 ohms. The cur-
rent flowing in the coil may be assigred a
value of 10-* ampere. ‘This value is how-
ever high, as currents of 10~ ampere are
sufficient for telephone conversation and the
limit of audibility extends beyond 10~
ampere. The value of 10-* ampere is taken
as beyond the maximum limit which would
be used in the coil of a repeater. :

' 1=10 inches=10X2.54 cm.=25.4 cms.

‘Supplying values in the above formula,
we have '

H=1.256 25000 10-*+-25.4=0.124.

The magnetizing force of this coil is there-

fore about { of & ¢. g. s. unit. Using this

-figure, and assuming that the elongation

varies directly with the magnetizing force,

up to a maximum elongation of 25X10-%

inch with a magnetizing force of 75 c. g. .
units, the elongation produced by the coil
would be : )

25X 10-8=-T5X 8=4.2X10-% inch,

or about 1/600 of the amount required for |

good transmission.

5. (fesistance of coil).—The reactance of |

the coil _
Lw= 27";0%}1 ohms, approximately,
“where n=frequency of the alternating cur-
rent,
B_
108 -

the total magnetic induction through the
coil in gausses, and N=the number of
turns=25000.. . w=2=n. "If we take p, the
permeability of the medium inside the
coil=1, which is the value for non-magnetic
material, we have B=%, where 4 is the mag-

. netizing force when 1 ampere flows through

55

- 60

or using w=12500,

65

the coil.
h=10*XH=10-*X.124=1240.
The value 2mn may be taken as 5000 for

normal operation, or 12500 for the limiting
frequency. Therefore

| Lw— 5000 X 121?)(3)X25000= 1550‘01'17!118,

Tap=12500X lfglo X 25000 _ 3875 ohms;

1,023,519

The impedance of the coil would then be,
either - ' :

\/ 625+ 1550°~ 1675
or, C .

\/ 6250+ 38751~ S020s

according to which value of w was used in
the calculation. This is a low estimate of
the impedance, as the value of p would be
greater than 1. - Assuming no drop of voltage

1n the line between transmitter and rela ,

it._would ‘thus require 10-4X3920=0.4 volt
approximately to ma
degree assumed. As this is far greater than
the available voltage at the receiving end of

_the. line, it is evident that a coil of more

turns would be impracticable, owing to the
great increase in its impedance.
could therefore not be so desi
magnetizing force would be increased be-
yond the limiting value here given.

Condition 2—It is necessary to have a
long coil, as well as a long core. This is
evident at once. With a short coil, the mag-
netic induction will not continue as dense
in the extremities of the core as inside the
coil. This condition is illustrated in Fig.
5. This will do no harm, except that the
added length of the core will be ineffectual.
To be effective, the whole length of the core
should be magnetized.

lowing facts: ,
1. With an alternating magnetizing force

of from 800 to 2,000 cf'cles per second, the

magnetic induction will not penetrate- into
the bar sufficiently to produce the necessa

elongation. The propagation of magnetic
force through space takes place in a non-
magnetic medium of unit specific inductive
capacity. The force starts from the surface
of the current carrying wire, and proceeds
outward in a direction at right angles to the
axis of the wire. When it encounters mag-

‘netic material, its velocity is retarded, and

the penetration of the magnetic induction
into the magnetic material takes place at ‘a
much slower rate than in air or non-mag-
netic matter. ‘'When the magnetic force is
withdrawn, the induction returns into the
wire, coming out of the magnetic material
at the same rate at which .it entered it.
These facts are well established by the
researches of Varley, Fleming and others.
Thus, when a core is magnetized, the induc-

tion i)egins at the surface, and penetrates
| to the center. If the magnetizi

‘ force is a
steady one, the distribution ¢

uniform, but if it is an alternating force,
the outside region of the core will ge more
highly magnetized than the center. If the

etize the coil to the.

The coil
ed that the .

Condition 3—This depends on the fol-
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alternation is quite rapid, the center of the
core will not be magnetized at all. Again,
with a given frequency of alternation of
the magnetizing force, the degrec to which
the induction penetrates will depend on the
~ diameter of the core. The distance pene-
trated will-be constant, but this may be
clear in to the center of a small core, and
only a small part of the way in a large core.
Fig. 6 in the accompanying drawings gives
the relation between maghetization and di-
ameter of core for a magnetizing force of
66 c. g. s. units, with alternations of 800 and
2.000. These curves were derived from those
given by Varley. It is evident that the
magnetization of the mere “skin” of a core

0

5

1s not sufficient to cause the comparatively |

inert mass of it to elongate to any extent
sufficient to transmit telephonic messages.
Therefore { inch is the maximum limit to
the permissible diameter of the core.

2. If the magnetization did penetrate into
the core sufficiently to produce elongation,
there would be effects of distortion of the
waves transmitted, which would rénder un-

0

5

intelligible the messages received at the dis-

tant end. This follows at once from the
consideration, that if magnetization of the

outside region of the core could cause the
entire mass of the core to elongate, then,.

0

when the magnetism had penetrated to the
interior and had diminished at the surface,
the elongation would be maintained by the
force exerted at the center. This would
,cause hopeless distortion of the original
wave. The only remedy for this would be
to make the diameter of the core so small
that the magnetism would be sensibly uni-
form throughout its cross-section. This
would mean less than % inch, as appears
from the curves of Fig. 6. - ‘

"It will be seen therefore from the above
that the limits of construction set in this
specification are ultra-conservative. No 10
inch’ core, § inch in diameter, could possibly
be made to work successfully as a relay.

Tt will be obvious when I fix one end of
the core that I do so, not for the purpose
alone. of having it supported, but for the
more important object of compelling the
entire expansion or movement to be effective
at its free or transmitter end. The appara-
tus will operate effectively without a better
magnetic circuit-return than the air, from

~one end, or pole of the core to the other.
But to secure greater efficiency a magnetic
metal return may be provided as shown by
attaching the core, at-its fixed end F, tg an
iron bar G and extending the bar toward
and almost into contact with“the opposite
end of the core. This last construction fur-
nishes an alinost closed path for the mag-
.netic lines-of-force, they being completed
5 from one pole of the core to the other and
materially assisting in preventing stray

5

0

5

lines-of-force, and confining them to the
core where they are effective in producing
the relative maximum molecular and expan-
sion effect. The auxiliary magnetic effect,
or action upon the attractive armature,
which will be more fully explained in con-
nection with the other views is augmented
also by this low-resistance magnetic return
path, as, in the attractive-armature form of
the apparatus, the armature is made to form
a part of such return. The transmitter T
(see Fig. 1) in this instance a platinum

‘electrode E?, mounted upon the core, and

a_carbon electrode E, mounted. upon an

adjustable spring U, may be of any pre- -

ferred type, according to the service re-
quired, or the particular repeater system
used and is operated by being attached di-
rectly to, or otherwise operatively associated
with, the free end of the core. Several such
embodiments of the invention are illustrated
in other views. '

70
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In Fig. 2, the base- B for supporting the

working parts is, for clearness in illustra-
tion and convenience in electrically isolat-
ing or insulating the several parfs neces-
sary, is shown as of insulating material such
as hard rubber. Supported upon the base
B and fastened thereto by means of screws
or bolts as shown, is the magnetic-return
member or back armature G, of iron or steel,
which serves also, by means of its rear up-
ward extension G?, to support at its fixed
end F, the long straight slender core C.

9%

Said end F of the core is inserted for sup- 100

port and fastening in the aperture G® and
is clamped therein by means of the set-

screw G*. With the length of core specifi-

cally described this may be the only sup-
port, as the core should have sufficient
strength and rigidity to remain.in the de-
sired position. The receiving coil or -hélix
H surrounding the core is supported upon
the core at its fixed end F, as shown, by
means of the bushing H? and rests otherwise

upon the bridge or support H’, mounted .

upon the central portion of the back arma-
ture G or on the base itself. The helix ter-
minals are represented by the conductors
H® and H* leading to terminal or binding-
posts H® and HE respectively. Wiih an
ordinary length of coil say up to 12 inches
one continuous winding will suffice. The
carbon electrode E of transmitter T at the
free end of the core is attached to the core
by means of the small metal arm E2 that has
at one end a perforation through which the
core is extended and is therein secured by
the set:screw E4 The electrode E is simi-
larly fastened to the opposite end of the
metal arm, being inserted or seated in a per-
fofation parallel to the other perforation
and fastened by the set-screw ES3. " The op-
posite electrode E? is of platinum but this

may bé of carbon and the electrode E may
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be of platinum if desired and said electrode
E? ig attached to the vibratory tongue-arma-
ture A. This armature is supported by
serews, as shown, upon the south pole of the
polarizing permanent magnet P .nd is
adapted to vibrate in the air-gap or polar
space before the freer end of the core C.
The tongue armature A may be of spring
metal other than steel and carry a small
magnetic armature A2 or the tongue may
itself be of magnetic metal and it is pref-
erably so for its polarization and to avoid
the extra weight of the part A% The arma-
ture polarization magnet P is supported
upon the base B by its angular extension or
north pole which is fastened thereto by
means of screws or bolts as shown. A brass
adjusting screw P? is threaded through the
polarizing magnet P and contacts with the
tongue A mnear its fixed or upper end for
regulating or adjusting the tongue which
has an opposite set or tendency, in a for-
ward direction toward the core. A brass ad-
justing screw P23, secured to the north pole
of the magnet by a brass bracket P4, serves
for regulating the extent of the movement
of the tongue in the forward direction.
The screw P2 is placed near the opposite or
lower end of the tongue and near the mi-
crophonic electrodes J& and E? to better se-
cure nice adjustments and delicate effects.
The microphonic circuit through the instru-
ment may be traced as follows: from bind-
ing post M on polarizing magnet P, through
P, through A, through the microphonic con-
tact E? and E, core C, magnetic support G2,
to binding post M2

The operation of this relay may be de-
seribed as follows: The telephonic impulses
tecelved by the coil H varies correspond-
ingly the magnetic state of the core C. The
variations in the magnetism of the core pro-
duce two effects, that is, an expansion effect
and an attractive effect. The expansion of
the core being of corresponding proportions
to the energizing currents, the physical ef-
fect is ar elongation of the core with each
magnetizi:g current and a contraction of
same with the cessation of the current or
impulse. As the core is made stationary at
one end all the effects of expansion and con-
traction are made manifest and effective at
the free or microphonic end, hence, for these
particular movements the microphonic con-
tact, or pressure between electrodes ¥ and E?
is increased by the core expansions and de-
creased by the core contractions, thus pro-
ducing a repeating microphonic effect. The
auxiliary or attractive effect is similar to the
usual relay operation, in that, the variations
in the magnetic state of the core correspond-
ingly affect the vibratory armature to at-
tract it toward the core with each increase
in magnetism and in proportion thereto, and
correspondingly> diminishes the effect with
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each cessation of current, when the retractile
action of the adjusted spring armature re-
stores the elements to their normal positions.
Each attractive effect, or movement of the
armature toward the core, increases the mi-
crophonic-contact or pressure between the
electrodes and each cessation or reduction of
attractive effect decreases the contact. It
will be seen that the results of the two mag-
netic effects are codperative, in that, the ex-
pansion effect of the one and the attractive
effect of the other, while acting upon the
electrodes oppositely in direction, thereby
produce coOperative effects in increasing the
microphonic contact, and the contraction ef-
fect and loss of attractive, or a repulsion ef:
fect, taking place in the opposite direction,
or opposite sense, coOperate to decrease the
microphonic contact. The polarization of
the armature by the permanent magnet P
augments the force and accelerates the
movements of the armature and improves
the effect in the following manner: When
the receiving coil is energized by an impulse
producing a magnetic state such as indi-
cated, that is, the free end of the core being
of north sign, the armature being of oppo-
site, or south sign polarity, is strongly at-
tracted to the core. When the impulse pro-
duces an effect. of opposite sign in the core,
the action is strongly repulsive and the ar-

mature moves from the core pole, the effect

being assisted by the set of the spring arma-
ture in that direction. The expansion of the
core assists in this repelling action also, as
its advancement toward the armature causes
the latter to move an equal distance farther
in the same direction. Thus it will be seen
that when the polarized armature is utilized
the joint effects are to more completely com-
press the microphonic contacts for the im-
pulses producing the attraction of the arma-
ture and to correspondingly decrease the
contact for the alternate impulses, therehy
producing a very wide rangé of action or
variation in the microphonic contact. The
advancement of the core toward the arma-
ture for all attractive movements also as-
sists in the resulting effects of a wide range
of action and compression in -the micro-
phone, as, in the relative and mutual ad-
vancement of the armature and the core to-
ward each other the resulting movement is
much increased over that of the old form of
relay with its single attractive effect.

It is understood that good microphonic
action, or effect, is now conceded as not be-
ing dependent so much upon variations in
pressure between contacts or electrodes, as
upon variation in the amount of contact, the
superficinl area, or number of points or par-
ticles in contact, that is, the variation of

same from time to time, or from effect to ef-
Variations in the pressure. between

fect.

| electrodes, or any movement of an electrode
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produces such a microphonic condition or ef-

fect; hence, as explained above, the joint
action of the two magnetic effects producing
variations in the pressure between the elec-
trodes, or the movement due to the repulsion
of the polarized armature will create a true
microphonic action. ‘

In Fig. 3 which is a modification of the
instrument shown in Fig. 2, is illustrated
an adaptation of the well known granular
type of microphone or transmitter for op-
erationi with the expansion core. The trans-
mitter T, of the so called granular button
type, in this instance is formed of the lL.ol-
low cylinder or chamber ring R, preferably
of iron to improve the magnetic circuit of

~ core C, by being included in that circuit.
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Ring R has the extension lug and foot R?,
also of iron, for supporting it upon the mag-
netic return member G. The foot R* has
an extension or runner Ré, slidable in the
slot R*, in the member G, for alining the

transmitter with reference to the core C..
The free or movable end of core C enters

the center of the chamber ring R after pass-

" ing ‘through the center of a mica diaphragm

D, which closes the granular chamber,
forming a wall on the front or core side
thereof. The mica diaphragm D is periph-
erally clamped to the granular chamber ring
R by the clamping ring R® both mem-

‘bers being threaded, as shown, for that

purpose. The core C is threaded at the
end F' and is flexibly supported by the
mica diaphragm, being fastened thereto by
front and back disk nuts D? and D?® respec-
tively. The front disk electrode E is at-
tached to the rear side of the disk nut D2,
having an aperture in- its center through
which the core extends into the carbon
chamber. The rear end or -wall of the
chamber formed by the ring R is closed by
a diaphragm A?, which is also preferably of
iron. This diaphragm is peripherally
clamped to the ring R by the rear clamping
ring or rear casing R®. The rear diaphragm
A% carries at its center and within the cham-
ber a small iron disk or armature-piece A?
and the latter is fastened to the diaphragm
on its rear side by the clamping nut A*
The rear disk electrode E2, like the front
electrode, has a central aperture and is at-
tached to the center of the rear diaphragm
within the chamber by being copper plated
and soldered to the armature stud A2; the
latter passing through the central aperture.

The armature A? and the pole or end of the’

core C should be positioned or adjusted with
reference to each other so as to have only a
very small clearance, or air gap, just suffi-

cient to give the rear diaphragm free move- -

ment when attracted toward the core. The
pole end of the core should be slightly
rounded to permit any granules of the car-
bon E® to move easily from between the pole

and the armature and thus prevent inter-
ference of operation. To secure a rather
large diameter of the diaphragms, which is
advantageous, the chamber ring R is shown
as being of greater diameter than necessary
for the quantity of carbon granules requi-
site, hence I employ a space-filler or bush-
ing 7, of wool, or similar fibrous and flexi-
ble material around the inner periphery of

the ring, said material to occupy the waste

space and yet permit free movement of the
diaphragms. . A close fitting insulating lin-
ing 1, of paper or shellac, is interposed be-
tween the inner periphery of the ring R
and the chamber proper, to prevent con-
nection between the ring
granules, should any sift through the wool
bushing, to avoid any short circuiting effect

between or around the electrodes, as it is’
desirable to confine the circuit through the
transmitter as fully as possible between the .
electrodes directly through the granules.

The front electrode E is connected by means
of conductor E# with the local binding-post,
or. terminal M and the rear electrode K2,
while connecting. through the iron dia-
phragm A? with the casing and support of
the transmitter, has an additional connec-
tion through conductor Ef with binding-
post or terminal M? threaded into the mag-

and the carbon

v
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netic return member G. Such connection in- -

sures a circuit should the iron diaphragm
be replaced by a diaphragm of mica. "As
the front electrode E 1s in electrical connec-
tion with the core C, a short circuit between
the electrodes by way of the support or
magnetic return member G, is avoided by
inserting an insulating bushing between the
fixed end of the core and its support. This
bushing H? may be an elongation of that
shown in Figs. 1 and 2, as supporting the
coil at that end. An adjusting device for
normaliy ‘controlling the front diaphragm,
consists essentially of a screw S and a re-
tracting spring S? and is connected with the
rear casing R® of the transmitter by means
of an ordinary swivel connection S3. The
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screw S is controlled by the thumb-nut S¢

and is supported by and passes through a
threaded aperture in the post S*® which lat-
ter is attached to the base by an ordinary
bolt and nut S° shown in dotted outline.

The local circuit in this instrument.may be

readily traced as follows: from binding-
terminal M through conductor E* thence
through the transmitter from the front elec-

trode E to the rear electrode E?, thence out

through conductor E® and binding-terminal
Mz The operation is similar to that of the
construction shown in Fig. 1, excepting that
the vibratory armature A? is not polarized
and  every impulse. creates an attraction
thereof toward the core end or pole and
with the counter movement of the core end
due to the core expansion, the carbon gran-
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~ ules are caused to vary their positions by the -
actions of both electrodes.
In Fig. 4, the expansible core is utilized
by reason of its comparatively greater
5 power, to actuate the granular transmitting
microphone T through the amplifying effect
of a lever J. Asin any similarly operating
miechanism, motion is herein secured at the
expense of power. The increased motion or
amplified effects secured on the transmitter
being according to the point of application
of the power to the lever J. As iliustrated
in Fig. 4, the lever J is arranged so that the
power from core C is applied thereto be-
tween the fulerum J? and the transmitter T.
As arranged in this view the transmitter
is twice as far from the fulcrum as the
point of power application and would have
twice the movement of the lever at the point
of power application with only half the
force, but since movement at the transmitter
is of more importance-than power, the re-
sults in indreased resistance variation of the
transmitter are improved. Such amplified
movements of the transmitter and greater
variation in resistance permits the employ-
ment of smaller battery current and corre-
spondingly there will be less heat set up in
the transmitter. Referring particularly to
the lever arrangement illustrated, it wiil be
seen that the transmitter T is supported ad-
justably by screw S which passes through
the front vertical extension G of the mag-
- netic return member G. Screw S is slightly
flattened on two sides and fits in and passes
through a smooth aperture G°® in extension
G® to prevent the transmitter turning out of
proper position when being adjusted for-
ward or backward by the adjusting thumb-
nuts S and 8% To the end of the exten-
sion G® is attached by means of screws K2, a
horizontal insulating and iever supporting
member K. This member K is of insulating
material to prevent the various metal parts
from shunting the transmitter. For the
same reason core C in this instance of con-
struction must also be electrically separated
from the member G as is shown at H? in
Fig. 8. To the projecting end of member
K 1s attached by means of screws K* a brass
supporting lug K% Lever J is elastically
or pivotally supported at its upper end to
the lower end of lug K2 by a short thin flat
spring J% The spring has its ends em-
8 bedded and soldered in the lug and the
lever in slots. The said spring should be as
short as is consistent with a high degree of
elasticity while" preventing any' ‘relative
movement of the Iug and lever toward each
other. .Lost motion is by this arrangement
avoided and an easy free movement or oscil-
lation of the lever is secured.  Lever J is
attached at its middle to the free end of
core G by means of a spring J* to. provide
® 2 mounting or coupling similar to that just
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-described, one end of the
-bedded in a slot in the en
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spring being em-
dp of core C. To
secure any other movement or a leverage
different from that shown the connection
between the lever and the core should be
moved up or down accordingly as desired.
The lower end of lever J is, for control, at-
tached to the mica diaphragm D of trans-
mitter T, in the manner presently to be de-
scribed. The transmitter in this instance is
also of the granular type having front and
rear electrodes with carbon granules inter-
vening within an inclosing chamber. The
front electrode E is mounted on a brass disk

}, having a screw extension passing
through the mica diaphragm and a ocking
bur D* for clamping the parts to the dia-
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-phragm. The screw of disk D® extends for-

ward and turns into the rear of stud Jo.
The front portion of the stud is slotted for 85
the reception of one end of the spring cou-
pling J*, which forms the attachment, or
connection between the lever and the trans-
mitter. The spring J* is fastened into the

lower end of lever J by a slot-connection 90

similar to those of the other spring con:
nections. This method of mounting the
lever and its connections provides for the
necessary high degree of sensitiveness and
freedom of action, yet avoids any unneces-
sary play or lost motion between the parts.
The electrical connections in Fig. 4 are simi-
lar to those shown in Fig. 8 and the opera-
tion is the same except that the motions are
amplified by the lever intervening between
the core and the transmitter. The lever ar-
rangement can obviously be reinforced by a
magnetic vibrating armature as in Fig. 2 co-
operating with the expanding or elongating
core. ‘ T
In Fig. 5 the extra long core C has its
fixed end supported by the member G2 and
because its length and thinness render it
limber, it is provided with additional means
of support to maintain it in good alinement
through the bore of the winding H. These
special supports are preferred to facilitate
the longitudinal movement of ‘the core but
they are not indispensable as the ‘core can
rest loosely in the bore of the coils. The
additional supporting means consists in the
magrietic poles or extensions G, rising from
the return member @, similar to the exten-
sion G?, said extension being disposed along
the core between the coils. Each of these
extensions G* has a perforation G* to pro-
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-vide free passage and space for the core.

Each member G° has mounted within the
perforation a. very small sheave G* on
which the core rides. Attached to the front 125
end of member G is a post K*, of hard rub-

ber or other suitable nsulating substance,
which carries at its top the Spring support _
U for electrode E’,‘sais spring U is held in

place by the binding post M the latter being 130
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one of the transmitter terminals. Through'

the post K* is threaded the transmitter ad-
justing screw P2. The extra length coil or
winding H, is preferably divided into two

or more helices, each of similar resistance

and each connected in the receiving circuit

in parallel. This method of connecting the

windings in the receiving circuit provides
for simultaneous, as well as the cumulative
action throughout the length of the core, the
several sections or portions of the core being
acted upon by the coil divisions H. This

 arrangement just described divides the mag-
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netic effects, due to the several helices, into
distinct or complete magnetic sections that
are similarly and simultaneously acted upon.
The coils Hyare supported upon the bridges
or supports H”. The mounting base B and
other features are like those in Figs. 1, 2
and 3. The coil terminals H® and H* are
brought to terminal posts H® and H° as
usual. These terminals permit the coils to
be readily connected in parallel for joint
resistance. Each coil being 12 inches long
and having a resistance of, say, 120 ohms,
the three when connected in series would
have a resistance of about 360 ohms, and if
connected in parallel would only equal about
45 ohms, which would give better core ac-
tion and reduce the coil retardation.

Fig. 5, like Figs. 1, 2 and 3, is shown in

the view as being broken out at the middle
of each of the three coils because with the
full size scale used in depicting the other
dimensions of the parts its length precludes
showing it in full. Drawn in full the coils
would be 12 inches between heads, the three
shown aggregating 36 inches in length and
the core, because of the spacing between the
coils and the protruding ends would aggre-
gate about 39 inches.
- 'With either form of instrument shown I
have not found it necessary to initially mag-
netize the core, yet it will be obvious that
the magnetic return member G may be uti-
lized for such initial sensitization by form-
ing it of magnet steel and having it perma-
nently magnetized. 4

Other modifications may be made without
departing from the gist of the invention.

What I claim is: ‘ ‘

1. In a telephone device, the combination
of a long receiving coil having a long thin
core capable of being varied in its length by
the magnetic influence of the coil and a re-
Eroducing element ad?te‘d to be actuated

y the movements produced, together with
a vibratory attractive armature associated
with said reproducing element and con-
fronting the free pole of said core to be ac-
tuated by the magnetic attraction of the
core, substantially as specified.

2. In a telephone instrumentality, a long
coil, a long magnetically molecular expan-
sible core within the coil, a reproducing ele-

ment attached to an end of said core to move
with same and another reproducing element
confronting the same core end to be attract-
ed and actuated magnetically by same, said
elements moving cooperatively to reproduce
the original vibrations, '

3. In a telephone instrument, the combi-
nation with a long tubular receiving coil,
a long slender magnetically expansible core
therein, said core having a cross-section
which In mass is so small as to be entirely
permeated by the lines of force set up by the
received telephone currents, and a micro-
phone transmitter adapted to be actuated by
the endwise or longitudinal expansion vibra-
tions of said core in accordance with the
degree of magnetization of said core by said
receiver coil.

4. In a telephone reproducing device, an
elongated coil in combination with a long
attenuated core, said core being of a cross-
section which in mass is so small as to be en-
tirely permeated by the lines of force set up
by the received telephone currents, said core
extending through the bore of the coil and
having one end fixed, with means adapted
for reproduction effects associated with and
operated by the free end of said core. '

5. In a telephone relay, in combination,
a long slender winding, a long and very
slender magnetic core within said winding,
said core being adapted to be expanded
longitudinally or endwise. by telephonic
currents, a magnetic return member asso-
ciated with said core and winding for con-
fining the field of force, and a repeating
microphone adapted to be actuated by the
expansions of said core, substantially as
specified,

6. In a telephone relay, in combination,
a long slender winding, a long slender core
within said winding, said core capable of
magnetic elongation and being of a cross-
section or mass so small as to be entirely
permeable to lines of force set up by tele-
phonic currents in said winding and be
caused to expand and contract longitudi-
nally, a repeating transmitter in operative
relation to said core and means associated
therewith for amplifying or increasing the
effects upon the transmitter, substantially
as specified.

7. In a telephone relay, the combination
with a transmitter of an actuating core
therefor, an energizing coil for said core,
means for associating the transmitter with
the core whereby the former may be ac-
tuated by the latter through its physical al-
terations in length due to and proportionate
to the field variations of said coil; said coil
and core having a length sufficient to pro-
duce the required amplitude of vibration of
the transmitter, and the core also having a
cross-section or diameter sufficiently thin to
be entirely permeated by the instantaneous
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field strength set up by the coil from the
telephone currents received, substantially as

specified.

8. In a telephone relay of the expansion:

_ 5 core type, the method of determining the
lengths of coil and core and the diameter
of the core, which consists in making the
lengths of coil and core ph
mately equal, the lengtg of core being a

10 variable
rent strength and by the ratio- per -unit

. movement of the core into the total required |

ysically approxi- |

etermined inversely as the cur- |
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movement ; the radial thickness, or the cross-
section, of the core bein a constant de-
termined by the speech frequency and so
thin as to be uniformly ‘permeated by the

15

instantaneous field set up by the coil from -

the telephonic impulses, substantially as
specified. - v o
_ NATHANIEL G. WARTH.
Witnesses: ' :
Bens. Finoker,
Maymy Foarp.



