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To all whom it may concern. 
Be it known that I, HERBERT E. SHREEVE, 

residing at Newton, in the county ‘of Middle 
sex and State of Massachusetts, have invented 
certain Improvements in Telephone-Current 
Reinforcers or Relays, of which the following 
is a speci?cation; ' ' 

This invention relates to the speaking-tele 
phone and telephonic transmission, and more 
particularly to means \for reinforcing‘ or 
strengthening the electrical currents con_—' 
cerned in such transmission. 

Telephone-currents even in shortcircuits 
have no strength to spare, and in talking over 
long telephone-lines they become so enfeebled 
in consequence of the increased'resistance of 
the conductor and of leakage and other un 

’ avoidable losses that their effect upon the re— 
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ceiving-telephone is correspondingly weak 
ened and the reproduced conversation so faint 
and indistinct as to render the hearing and 
apprehension of the communication di?icult 
and laborious, thus imposing a serious limi 
tation upon the distance to which commercial 
transmission is at present possible. It is there 
fore most desirable that some way or means 
of reinforcing or renewing the current at the 
receiving end of the line or of enabling it to 
act upon the receiver with increased power, 
effectiveness, and accuracy shall be found. 
Various attempts have from time to time 

. been made to devise electromechanical appa 
ratus capable of replenishing the current at 
some intermediate point of the circuit or 
adapted to transfer the messages of one tele 
phone-circuit to another, and thereby either 

‘ to increase the length of line that‘ can be op 
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erated satisfactorily or under other conditions 
to enable the receiverto reproduce the trans 
mitted message with increased loudness. 
These efforts, however, have uniformly been‘ 
unsuccessful and‘u'nproductive of practical re 
sult, and it is a fact that nothing of the kind 
is in practical or commercial use at the pres 
ent time in connection with telephone-circuits‘ 
anywhere, for. though in some instances the 
sounds reproduced 'by'the receiver actuated 
by the replenished current have, indeed, been 

‘ characterized by increased loudness such in 
crease has invariably been at the expense of 
clearnessand has always involved the loss of 
quality and the consequent introduction of ‘so 
much distortion as to render the utterances of 
the receiving instrument inarticulate and un 
intelligible. 
The objects of the present invention are to 

effectively reinforce or renew the talking-cur 
rents traversing the line in such manner as to 
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virtually compensate for their losses, to there- ‘ 
; by so maintain their strength and assist their 
action at theoreceiving end of a long circuit 
that they‘shall be enabled to act upon the re-'_ 
ceiving-telephone and cause it to operate for 
the reproduction of the transmitted sounds 
or conversation with substantially the same 
vigor,loudness, and clearness as would be the 
case if the circuit connecting the transmitting 
and receiving instruments were direct and 
very short, or, in other words, to obtain the 
capability of retransmitting the message at 
any convenient intermediate point of the cir 
cuit or chain of circuits extending between 
the original transmitter and the ultimate re 
ceiver with renewed energy and without sacri 
?ce of quality and generally the e?icient and 
satisfactory transmission of conversation tele 
phonically under practical and commercial 
conditions for greater distances and through 
longer circuits than has heretofore been prac 
ticable. ' I 

In carrying out my invention I employ and 
adapt for connection at any point between 
transmitting and receiving stations of a tele 
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phone-circuit or series or sequence of circuits ' 
an organization comprising a variable receiv 
ing-ma gnet responsive to the talking-currents 
of such transmitting-station and a variable 
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resistance medium mounted in operative rela- ' 
tion to the said receiving-magnet to be acted 
upon thereby and arranged to forward the 
talking-currents with renewed energy and 
without impairment of their quality charac 
teristics to such receiving-station for the more 
perfect operation of the receiving instrument 
there. . 

In the development of this invention it has 
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been found important (keeping in mind the 
character, delicacy, and minuteness of the 
forces engaged, the smallness of the motion, 
and the functions to be exercised) that the 
inertia of the moving parts shall be as small 
as possible, that the magnetizing and mag 
netization-varying forces shall be so organ 
ized and disposed that the maximum effect of 
the latter upon the former shall occur at the 
strongest part of the common ?eld, that the 
maximum effect of both may be concentrated 
directly upon the active or movable member 
of the transmitting medium, and preferably 
upon the most sensitively mobile part or 
point thereof, and that provision shall be 
made to facilitate the expeditious dissipation 
of the heat developed in and by the operation 
of the transmitting medium. These princi 
ples are exempli?ed by the present invention 
and in its receiving and transmitting elements, 
which are closely associated in a single instru 
ment. 
The receiving factor comprises a magnet 

constituting the required initial magnetic ?eld, 
a magnetization-varying coil to be connected 
with the main circuit of the original trans 
mitter to receive the talking-current thereof 
and encompassing the end of the magnet, 
which thus serves as a ?xed core or pole-piece 
entering said coil to have its magnetization 
Varied thereby, and a short and light piece of 
iron which forms a movable pole-piece whose 
end is closely adjacent to that of the ?xed 
pole-piece in the magnetic ?eld. The trans 
mitting factor closely confronting the said 
coil is a variable-resistance microphone and 
has a movable contact or electrode, which in 
stead of being actuated by a vibratory dia 
phragmin the usual manner is attached di 
rectly to the light movable pole-piece of the 
receiving part of the apparatus, which thus 
constitutes a direct magnetic connection be 
tween the receiving-magnet and the transmit 
ting medium, and by this arrangement the 
diaphragm is dispensed with, the inertia of 
the moving parts reduced to a minimum, and 
the requisite motion imparted to the movable 
electrode of the transmitting medium directly 
from the variable ?eld and preferably from 
the center of the varying-coil, and therefore 
from the most effective part of said ?eld. 
The magnet establishing the initial ?eld 

may be either an eleetromagnet of any con 
struction or form excited by a separate mag 
netizing-coil in a special local circuit or a 
permanent magnet such as that of the ordi 
nary and standard telephone-receiver. An 
electromagnet is, however, to be preferred 
for this purpose, since in association with it 
an adjustable resistance may be included in 
its local circuit to regulate the strength of 
its current, and thereby the‘strength of the 
magnet, and thus of the initial ?eld, to any de 
sired degree. Furthermore, I ?nd it of dis 
tinct advantage to provide that the electro 
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magnet shall be of tubular form, having an 
iron shell, with then'iagnetizing and varying 
coils arranged concentrically therein, to sur 
round the ?xed core or pole-piece, the said 
magnetizing-coil being preferably outermost 
and the iron shell or casing arranged to en 
tirely inclose both coils except at their front 
center, where an opening or perforation is 
provided to receive the movable pole-piece 
attached to the transmitter-electrode, which, 
passing through said opening into the vary 
ing-coil, constitutes a portion of the magnetic 
circuit of the receiving-magnet. For the 
avoidance of eddy-currents the iron shell may 
be slit longitudinally down one side and to 
the center of its front plate. 
The variable -resistance - transmitting me 

dium is of the “Hunnings ” and “ solid-back ” 
types, wherein a mass of granular carbon is 
held inclosed in a ?at chamber or hollow but 
ton between rigid and vibratory conducting 
disks, (usually of carbon,) which respectively 
constitute contact members or electrodes, one 
of which is vibratory or movable, the me 
chanical connection of the latter with the 
light movable pole-piece of the recei\"ing-mag 
net being made at its center, that being the 
point or part most sensitive and most readily 
mobile and having the widest range of motion. 
By inclosing the working parts of the ap 

paratus and particularly the transmitting ele 
ment thereof in a metal casing possessing, or 
in connection with, considerable mass and ra 
diating-surface and with which such working 
parts are in heat-conducting relation an ef 
fectual means is provided for the prompt and 
continuous removal and dissipation of the 
heat, which during the operation of the in 
strument is generated in the transmitter 
button by the passage of the local-circuit cur 
rent through the variable-resistance material 
'and which if retained and permitted to accu 
mulate acts to deprive the carbon granules 
of their microphonic property, and thus se 
riously impairs the operation of the trans 
mitting medium. 
In the drawings accompanying this speci? 

cation, Figure 1 is a perspective view show 
ing the external appearance of a form of appa 
ratus embodying the invention which has been 
made and successfully used. Fig. 2 is a vertical 
longitudinal section of Fig. 1, taken on the line 
00 m of Fig. 3, showing the preferred construc 
tion and arrangement of the parts. Fig. 3 is an 
end view of the apparatus shown by Figs. 1 
and 2. Fig. 4 illustrates the mounting of the 
transmitting medium with the movable core 
of the receiving-magnet attached to its mov 
able electrode, Figs. 5, 6, and 7 showing, re 
respectively, the end view of the said medium 
and its mounting and separate side and front 
views of the said electrode and the core at 
tached thereto. Figs. 8, 9, and 10 show in 
detail rear, side, and front views of the tubu 
lar magnet preferably employed in the receiv 
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ing medium. Fig. 1.1 is a diagram showing 
the electrical connections of the renewer or 
reinforcing apparatus when associated with a 
telephone- circuit at an intermediate point 
thereof. Fig. 12 illustrates ‘a modi?ed ar 
rangement for establishing the initial ?eld of 
the receiving medium and an alternative cir 
cuit arrangement for the apparatus as a whole. 
Fig. 13 illustrates still another mode of con 
stituting the initial magnetic ?eld of force, 
and Fig. 14 is a diagram of the manner of 
supplying the initial ?eld for the form of elec 
tromagnet illustrated by Figs. 1 and 2. 

Referring to the drawings, and for the pres 
ent more particularly to Figs. 1 to 10 and 14:, 
the working parts are inclosed in a cylindrical 
metal casing O, screwed or bolted to a cham 
bered and centrally-bored metal standard A, 
which in turn is mounted upon a metallic base. 
B, to which it is secured in any desired way, 
as by screws a, which pass through said base 
and into the lower edge of the standard. The 
outer end of the casing-cylinder O is closed 
by a disk D, of hard rubber or like material, 
secured to its edge by screws 0?. M is the 
variable magnet constituting the receiving fac 
tor or medium vof the instrument, and V the 
variable - resistance - transmitting medium. 

The former (illustrated by Figs. 2, 8, 9, 10, 
and 14:) is in this instance an electromagnet of 
the tubular or iron-clad type, having a ?xed 
iron core or pole-piece p, a movable iron pole 
piece J”, an inclosing iron shell 0, a magnetiz 
ing or exciting coil m. and a magnetization: 
Varying coil 72. It is attached as a whole by 
screws 6 to the insulating-disk D, which has 
binding-screws s to serve as terminals for the 
said coils and is centrally perforated to re 
ceive a threaded iron socket 9, through which 
passes the shank 2" of the ?xed core p. The 

- magnetizing-coil m and varying-coil 7b are 
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concentrically disposed within the iron shell 
6, the said magnetizing-coil being preferably 
outermost. The shell itself is closed in front 
by the plate 63, which, however, may, as 
shown, be an extension of the substance of 
the shell spun or struck up from the cylin 
drical part thereof and has for a heel-plate, 
the thick disk-formed base 92 of the socket 
9, being provided rearwardly with a ?ange 
e2, overlapping and closely clasping the edge 
of said base-plate, so that both coils are en 
tirely inclosed by the said shell with the ex 
ceptions of a small opening or aperture 6* at 
the center of the front plate, forming a pas 
sage for the movable pole-piece f, and a lon 
gitudinal slit 6:‘, extending from-the said ap 
erture and down the side of the shell to pre 
vent the development and circulation of eddy 
currents and consequent waste of energy. 
The ?xed core 29 may, as shown, .be ?tted at 
its outer end with a bolt-head r2 and jam-nut 
r3 or other means for turning it and holding 
it in place, and its shank r is threaded to cor-. 
respond with the internal thread of its socket 

‘ a 

g. Entering the coils through said socket, it 
passes to or nearly to the center thereof, and 
being magnetized by the coilm, which re 
ceives energy from the battery S in the local 

> circuit 7 , Fig. 14:, it acts to establish the ini 
tial magnetic ?eld. R is a rheostat or adjust 
able resistance connected in the local circuit 
7 to regulate the strength of the magnetizing1 
current, and by thus providing the ‘receiving 
medium of the apparatus with an electromag 
net separately excited by a special source in 
local circuit and with such means of our 
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rent regulation the magnet may readily be ‘ 
regulated to produce the desired power. The 
movable iron core or‘ pole-piece f is a short 
piece of small-sized iron rod and is attached 
at one end to ‘a movable part ofthe associated 
transmitting medium in a manner presently 
to be explained, and being thereby elastically 
supported it passes loosely through the aper 
ture 6* and, as best shown in Fig. 2, intothe 
forward end of the inclosed coils m and 11, ex 
tending to a point about the center thereof, ~ 
so that its inner ‘end/nearly reaches but does 
not touch that of the ?xed core 12 in the con 
centrated ?eld at _, the center of said coils. 
The distance between the ends of the ?xed 
and movable cores may, it is evident, be ac 
curately adjusted by turning the former in its 
threaded socket g. The .magnetic system of 
the receiving agency when constructed as 
shown and described constitutes, it will be 
seen, an approximately complete magnetic 
circuit having ?xed and movable or vibra 
tory pole-pieces at the center of- exciting and 
varying coils, and thus at the point of high 
est magnetizing power and at the most e?ect 
ive part of the magnetization-varying ?eld 
and whose only substantial gap in the continu 
ity of its iron is that which is formed by the 
space between said poles. ‘The magnetization 
varying coil n is designed to be connected 
with the main circuit or circuit-section E and 
to be excited by the voice-currents ?owing 
therein and proceeding from the original 
transmitting-station of such circuit. It en 
compasses both pole~pieces and is adapted .to 
Vary the initial magnetization and‘ mutual at 
traction of both, and consequently to throw 

' the movable core or pole-piece into vibrations 
corresponding to such attraction variations 
and to the electrical variatlons orvoice-cur 
rents of the circuit. The ends of the windings 
of the coils m- and 1?, pass through insulated ap- - 
ertures 3, 4:, 5, and 6 in the socket-plate g2 and 
then to the terminal binding-screws s on the 
exterior of the non-conducting disk D, where 
by they may be attached to the local and main 
circuit conductors, respectively. - The trans 
mitting medium V, closely confronting the for 
ward end of the magnet M, is suitably mounted 
within the casing C, the metal standard A, 
which closes one end of said casing, being 118-.‘ 
cessed at 0 for its reception. It mainly con 
sists of a metal chamber or hollowbutton ii, 
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in type and form substantially identical with 
that employed in standard telephone-trans 
mitters having a non-conducting internal pe 
riphery 7L2 and forward and back contact mem 
bers or electrodes o and z, with granular car 
bon 0 inclosed between them. The electrodes 
are insulated from each other at their edges 
by the said peripheral non-conductor, and the 
metal-containing case has an elongated stud 
or sleeve Z, passing through the central bore 
of the standard A to form its support and 
containing a rod it‘, insulated by a non-con 
ducting bushing H and terminating exter 
nally in a binding-screw connection t. The 
back electrode 2 is a carbon plate ?xed to the 
end within the chamber it of the insulated 
rod 71.‘ and is itself insulated from the metal 
case or its attached stud. Its connection with 
the primary circuit N of the transmittingme 
dium is formed through the said insulated 
rod Z; and by means of the conductor 10, at 
tached thereto. The forward and movable 
electrode 0;, also preferably carbon, is a thin 
plate held in place to close the chamber h on 
its side toward the magnet by the ordinary 
clamping - ring (1/, which screws over the 
threaded exterior of the said chamber it. 
This electrode having considerable elasticity 
is readily vibratory and is in electrical con 
nection with the said primary circuit N 
through the metal chamber-casing, the stud 
Z, the standard ‘A, and the base B, to which 
the conductor 102 of said circuit is attached at 
the screw 62. As indicated by the diagram, 
Fig. 11, the local circuit N includes the source 
of renewed energy S2 and the primary wind 
ing of the induction coil or coils I. The mov 
able electrode 1) is rigidly attached at its cen 
ter to the outer end of the movable pole-piece 
f, and thus forms the external elastic sup 
port of the said pole-piece and receives mo 
tion therefrom without the intervention of 
any diaphragm. In an apparatus of this class 
sensitiveness to slight moving forces and co 
lerity of action is more important than a rel 
atively wide range of motion, such as would 
be produced‘ by a vibratory diaphragm or ar 
mature interposed between the receiving and 
transmitting media, and I have found that by 
dispensing with the diaphragm and by secur~ 
ing the light movable pole-piecefof the mag 
netic system directly to the center of the 
light and thin movable electrode 1» of the 
transmitting medium the requisite sensitive 
ness and celerity of action is attained, .while, 
moreover, the actuating forces being impart 
ed to the pole-piecef, and as a consequence 
to the movable electrode, directly from the 
varying ?eld are enabled to exercise maxi 
mum effect. J is a radiating block or mount 
ing centrally bored to slide over the project 
ing end of the elongated stud Z of the trans 
nutter-case, having considerable mass and 
scored or ridged, as at j, to increase its sur 
face. It is held in place upon said stud by 
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the washer ‘7"’ and nut j“, and being in metal 
lic contact with the said stud and also with 
the heavy metal standard A, base B, and cas 
ing C it cooperates with these parts to con 
duct away from the variable-resistance but 
ton the heat generated therein during opera 
tion and to dissipate the same by radiation. 
In telephone current renewing and retrans 

mitting apparatus constructed in accordance 
with the foregoingdescription and with which 
good practical results have been attained the 
magnetizing or local-circuit coil was formed 
of two hundred turns of No. 36 wire, while 
the main line or varying coil wound next to 
the cores consisted of fourteen hundred turns 
of No. 40 wire. 
The current-renewing apparatus may be 

associated with telephone main circuits in va 
rious ways. One circuit arrangement with 
which it has been successfully connected and 
employed is that represented by Fig. 11 and 
so far as concerns its receiving factor alone 
by Fig. 1a also. In this arrangement the ap 
paratus‘ is shown being placed at the mid 
dle of a long circuit and between the sections 
E E” thereof, so that it is adapted to be op 
erated indi?’erently and reciprocally from 
either end of the line and to renew the trans 
mission according to its direction from either 
section of the line to the other. 
K K2 represent keys or switches which when 

in the position shown maintain the direct con 
nection of the circuit through the section It“ 
thereof, the renewing or reinforcing appara 
tus being disconnected. In this position the 
circuit-conductor L is traceable between the 
section-conductors 20 and 22 by way of the 
resting-contacts 14: and 16 of keys K and K2 and 
their uniting-conductor 21, while circuit-con 
ductor L2 in like manner extends between its 
sections 23 and 25 through intermediate con 
ductor 21L and its terminal contacts 15 and 17. 
By moving the keys or switches K K2 to 

their alternative position the conductors 20 23 
of circuit-section E are transferred from con 
tacts 14: 15 to contacts 10 11 and the conductors 
22 ‘25 of section E2 from contacts 16 17 to con 
tacts 12 13, so that the in termed iate section E‘ is 
substituted for E3. The magnetization-vary 
ing coil a of the renewing-apparatus receiving 
magnet is connected in a bridge a between 
points 26 27 of the main conductors 18 and 19 
of the said intermediate section E" and is thus 
made common to both of the main sections E 
E2 to be operated by the distant transmitter 
of either one-that is, of the terminal station 
of either section~according to the direction 
of transmission at any particular moment of 
time. The initial magnetic ?eld of the re 
cciving medium may be established by either 
one of the several plans indicated by Figs. 
12, 13, or 14, respectively, but, as hereinbe 
fore stated, preferably by that of Fig. 14. 
The transmitting medium (indicated conven 
tionally) is included in the local circuit N and 
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is adapted tolhave the resistance between its I 
electrodes o and z varied by the strength varia 
tions of the magnet M, produced by the voice 
currents in the varying-coil n. The primary 
circuit N also contains the primary windings 
"5 of induction-coils I, whose secondary wind 
ings {'2 are connected one on either side of the 
bridge u and in the conductors 18 19, respec 
tively, so that one winding is in main section 
E and the other in main section E2 of the 
through-circuit. , 

It is to be understood that the drawings 
represent the electrical arrangement only and 
that in practice a single primary winding and 
two secondaries may be wound over a single 
core and intoa single induction-coil. A coil 
having a single primary winding of ?ve hun 
dred turns of No. 20 wire with a resistance of 
about one ohm and two secondaries wound in 
parallel of twelve hundred and ?fty turns and 
thirty ohms resistance each of No. 29 wire 
has been found to answer well, as has also a , 
varying-coil for the‘ receiving-magnet formed 
of fourteen hundred turns ‘ of No. 40- wire 
having a resistance of about one hundred and 
thirty ohms. V 

If desired, the apparatus may be employed, 
, as in Fig. 12, in enabling one line-circuit E5 
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to retransmit over a second and entirely sep 
arate circuit E“. 
coil n of the receiving factor or agency M is 
connected in the said. transmitting-circuit E5 
and its transmitting medium Vin the primary 
local circuit N of the battery Si‘together with 
the primary windingz' of. an induction-coil 12, 
whose secondary winding i2 is wholly con 
nected in the second circuit E“. 
As hereinbefore indicated, while a com 

pound rnagnet constructed as. thus far de 
scribed has certain advantages it is not essen 
tial, and other modes of constructing in ac 
cordance with the foregoing principles the 
magnet system, which constitutes the receiv 
ing and rctransmitting part of the apparatus, 
and of producing the initial and varying ?elds / 
may be adopted without any departure from 
the spirit of the main invention. . For ex 
ample, while the arrangement of the ?xed and 
movable pole-pieces, which has been speci?c 
ally described, has in practice been found con 
venient and elfective and has particularly 
commended itself as being productive "of 
highly-satisfactory results and average ordi 
nary conditions it‘is evident that the relative 
length of the ?xed and movablev pole-pieces 
and their relation to one another and the vary 
ing-coil may be varied within limits of con 

_ siderable width to suit varying conditions of 
service, provided always that the latter pole 
piece shall in every case be in direct connec 

. tion with the transmitting medium and that 
the two poles shall closely confront each other 
without contact, so that the attraction exer 
cised by each upon the other may readily be 

U varied by the operation of the varying-coil. 

Thus engaged the varying- I 

Such modi?cations in construction and ar 
rangement. are illustrated in Figs. 12, 13, and 
11. Fig. 12 illustrates a modi?cationwherein 
the magnetizing-coil m is wound over the 
hinder part of the ?xed core 19, while the mag 
netization-varying coil it alone is, as in the 
forms, placed over the adjacent confronting 
poles of said core and the adjacent movable 
core f. the said pol-es thus, in this instance 
also, being close to one another in the center 
of the varying?eld. Fig. 13 illustrates an 
other modi?cation of this feature. 
initial ?eld of the magnetic system M is pro 
vided by a permanent magnet mg, the ?xed pole 
piece 19 being secured thereto and being mag 
netized'thereby in a well-understood manner. 
This arrangement requires one coil only— 
viz., the line or magnetization-varying coil n, 
which encompasses the confronting poles of 
the ?xed and movable cores p and f, which ap 
proach one another at its center, or thereabout. 
In Fig. 11 the magnetic receiving medium is’ 
represented as having the ?xed pole-piece ;0 
extended clear through the bridged varying 
coil 42 and to a point ?ush with or a little be 
yond the forward end thereof, while the mov 
able soft-iron pole-piecef is made very short, 
but is yet directly attached to and supported 
solely'by the movable contact member of the 
transmitting member. It may here be men 
tioned that the said movable contact member 
or vibratory electrode should be very thin and 
elastic and that I have found a carbon disk 
about .01 of an inch thick to answer admira 
bly and to be both strong and flexible.‘ In 
all cases, however, the magnetic system M of 
the renewing apparatus may properly be re 
garded both as a receiving and a rctransmitting 
medium, for by its varying-coil it receives and 
makes use of the voice-currents of the distant 
transmitter, and by its movable or vibratory 
pole-piece set in motion by said coil under the 
in?uence of such voice-currents it actuates the 
transmitting medium to bring a new source 
of energy into service. i ‘ 

It will be obvious that many changes in de~ 
tails can be made without departure from the 
spirit and principles of the invention. 
Having now fully described the said inven 

tion, what I claim as new, and desire to secure 
by Letters Patent of the United States, is— 

1. ‘A telephone-current rctransmitting and 
reinforcing apparatus, comprising ‘a magnet 
constituting an initial ?eld of force; a receiv 
ing or magnetization-varying coil surround 
ing the pole of said magnet for the variation 
of said initial ?eld; avariable-resistance trans 
mitting medium; and a magnetic connection 
of slight inertia extending directly between 
the said varying magnetic ?eld and the said‘ 
‘transmitting medium; the said coil and trans 
mitting medium being organized for connec 
tion in different main circuits or circuit-sec 
tions respectively; substantially as set forth. 

2. A telephone-current retransmitting and 
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reinforcing apparatus, comprising a magnet 
constituting an initial ?eld of force; a receiv 
ing-coil surrounding the pole of said magnet 
in such manner that said pole shall be at or 
near its center, and arranged to receive the 
varying voice-currents of a main telephone 
circuit or circuit-section for the development 
of corresponding magnetic variations in said 
?eld; a transmitting medium connecting with 
a second main telephone circuit or circuit-sec 
tion and having variable-resistance contact 
members, one of which is movable; and a mag 
netic connection of slight inertia extending 
from the most sensitive and mobile part of 
the movable contact member of said transmit 
ting medium directly to the center or most 
active portion of said varying ?eld; substan 
tially as described. 

3. A current renewer and reinforcer for 
telephone-circuits, consisting of a variable 
resistance transmitting medium having vari 
able contact members or electrodes, one of 
which is movable or vibratory; a receiving 
medium, comprising means for establishing 
an initial magnetic ?eld, and a main telephone 
circuit electromagnetic coil surrounding the 
said ?eld for the control and variation thereof 
in correspondence with currents traversing 
said main circuit; and a light pole-piece at 
tached to the vibratory electrode of said trans 
mitting medium, and mounted within the said 
coil and magnetic ?eld to constitute a mag 
netic connection of small inertia between the 
said receiving and transmitting media; sub 
stantially as set forth. 

4:. A current reinforcing and retransmitting 
apparatus, consisting of a main-line coil or 
electromagnetic helix; a magnet having a pole 
piece extending into one end of said coil; a 
microphone or variable-resistance transmit 
ting medium mounted adjacent to the other 
end of said coil; and an iron core constituting 
a complementary and movable or vibratory 
pole-piece of said magnet, secured to one of 
the contact-electrodes of said transmitting me 
dium and extending therefrom into said coil, 
and into close proximity to said ?rst-men 
tioned pole-piece; substantially as described. 

5. A telephone-current renewing and rein 
forcing apparatus, comprising a magnet es 
tablishing an initial magnetic ?eld of moder 
ate strength; a receiving-coil surrounding the 
pole of said magnet in such manner that the 
said pole shall be ?xed at its center, and ar 
ranged to receive the voice»currents of a main 
telephone circuit or circuit-section for the de 
velopment of corresponding magnetic varia 
tions in said ?eld; a transmitting medium hav 
ing variable-resistance contact members, one 
of which is movable, associated with a second 
main telephone circuit or circuit-section; and 
a light iron core attached to the center of the 
movable contact member of said transmitter, 
extending within said coil to the center there 
of, the said core forming a complementary 
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pole of said magnet in attractive In‘oximity 
to said ?xed pole, and constitutingamagnetic 
and mechanical connection of small inertia be 
tween the said contact member at its most sen 
sitively mobile point and the central and most 
active part of the variable magnetic ?eld; sub 
stantially as set forth. 

6. In atelephone-current renewing and re 
inforcing apparatus, the combination of a low 
power magnet establishing a moderately 
strong initial magnetic ?eld; a magnetization 
varying coil energized by the talking-currents 
in an associated telephone circuit or circuit; 
section, surrounding the pole of said magnet 
in such manner that said pole shall be located 
at or near its center; a variable-rcsistance 
transmitting medium associated with a second 
telephone-circuit, and having a movable elec 
trode; and means for concentrating the effect 
of said initial magnetization and the talking~ 
current variations thereof directly upon said 
movable electrode, for the corresponding op 
eration of said transmitting medium, and the 
renewal and reinforcement in said second cir 
cuit of the original talking-currents; substan 
tially as described. 

7. In a telephone-current retransmitting 
and reinforcing apparatus, the combination 
with the ?xed magnet-pole and varying-coil 
of a receiving medium, the said pole extending 
into said coil; and the contact members or 
electrodes of a variable-resistance transn'iit 
ting medium mounted to closely confront said 
coil, one of said electrodes being vibratory; 
of a light vibratory core serving as a comple 
mentary pole for said receiving medium ex 
tending into close proximity to said ?xed pole; 
the said vibratory electrode and vibratory pole 
being directly, and without the intervention 
of a diaphragm, attached to each other, to 
jointly constitute a magnetic mechanical con 
nection between the receiving and transmit 
ting media of low inertia, high relative mo 
bility, and high sensitiveness to the magnetic 
varidltions of the receiving medium, adapted 
to be‘ actuated by such magnetic variations 
and to produce corresponding resistance va 
riations in the said transmitting medium; 
whereby voice-currents traversing the circuit 
of said receiving medium may be retransmit 
ted unimpaired in form and with increased 
e?ect in the circuit connected with said trans 
mitting medium; substantially as set forth. 

8. A repeating or reinforcing apparatus for 
telephone-lines, consisting of a receiving-mag 
net and coil; an intimately-associated variable 
resistance transmitting medium comprising a 
rigid ?xed electrode, a movable or vibratory 
electrode, and granular carbon inclosed be 
tween said electrodes; and two iron cores at 
tached to said magnet and vibratory electrode 
respectively, and projecting oppositely into 
said coil so that their free ends confront each 
other with a short separating-space, in the in 
terior thereof. 
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9; In a telephone apparatus for the rein 
forced retransmission of telephone-currents, 
the combination of a main-line coil or elec 
tromagnetic helix; a low-power magnet hav~ 
ing a ?xed iron pole-piece or‘ core extending 
into one end of said coil for the establishment 
of an initial and variable magnetic ?eld of 
moderate strength at the center thereof; a 
transmitting medium comprising vibratory 
or movable and ?xed disk electrodes and 
granular variable-resistance material held be 
tween them; and a second magnetic core or 
pole-piece secured at one end to the center of 
the movable electrode of said transmitting me 
dium, extending therefrom into said main-line 
coil, and having its other end in close adja 
cency to said ?xed pole-piece in the variable 
magnetic ?eld at the center of said coil; sub 
stantially as set forth. 

10. In a telephone apparatus for retransmit~ 
ting telephone-currents with renewed vigor 

. between two main circuits or sections of cir 
. cults, the combinatlon with a receiving-elec 
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tromagnet having independent magnetizing 
and magnetization-varying coils, adapted for 
connection in local and main circuits respec 
tively; and a fixed central iron 'core project 
ing into said coils; of a variable-resistance 
transmitting device, comprising contact-elec 
trodes one of which is vibratory or movable; 
and a complementary iron core or rod attached 
at one end to said movable electrode, extend 
ing at the other end into the magnetic ?eld of 
said coils'to nearly reach the said ?xed core, 
and constituting a connection of low inertia 
and high sensitiveness between the varying 
?eld of said receiving-magnet, and the ‘said 
transmitting device; substantially as set 
forth. 

‘ 11. In an apparatus for reinforcing tele 
phone-currents, the combination of a local-cir 
cuit magnetizing-coil; a main-line magneti 
zation-varying coil; a ?xed iron pole-piece or 

' core magnetized by said ‘local-circuit coil, and 
extending into the said main-line coil to es? 
tablish an initial magnetic ?eld at its center, 
variable by the action thereof; a transmitting 
medium comprising vibratory or movable 
and?xed electrodes and granular variable 
resistanc-e material held between them; and a 
light movable iron core or pole-piece secured 
at one end to the movable electrode of said 
transmittingmedium, extending therefrom 
loosely into said main-line coil, and having 
its other end closely adjacent to said ?xedv 
pole-piece in the said variable magnetic ?eld 
at the center of said coil; substantially, as and 
for the'purposes setforth. 

12. A current-renewing telephone appara 
tus, consisting of a tubular receiving-electro- ' 
magnet having independent local-circuit mag 
netizing and main-clrcuit magnet1zat1on-va— 
rying coils; a variable-resistance transmit“ 
ting medium comprising contact members, one 
of which is movable or vibratory; and a light 

iron pole-piece or rod attached at one end to 
the movable member of said transmitting 
medium, extending therefrom into the con 
centrated magnetic ?eld of said varying-coil, 
and constituting a portion of the magnetic 
circuit of said tubular magnet, and ‘a sensi 
tive connection of low inertia between the 
said magnetic ?eld and said transmitting me— 
dium; substantially as described. 

13.. In a telephone apparatus for the rein 
forcement of telephone-currents, the combi 
Ination of a tubular receiving-electromagnet 
having independent magnetizing and magnet-v 
ization-varying coils adapted for connection 
in local and main circuits respectively; and a 
?xed central iron- core projecting into said 
coils and to or near to the center of the latter; 
of a variable-resistance transmitting medium 
comprising ?xed or rigid and movable or vi 
bratory electrodes, and carbon granulations 
held between them; and a complementary iron 
core or rod attached at oneend to said mov 
able transmitting-medium electrode, and ex 
tending at the other end into said varying 
coil and to the varying ?eld concentrated at 
the center thereof, to nearly reach the said 
?xed core; substantially as set forth. 

14. In a telephonecurrent-reinforcing ap 
paratus, the combination with a variable-re 
sistance transmitting medium; of aseparately, 
or externally excited tubular electromagnet 
‘comprising an iron‘shell having a front cen 
tral aperture; and a ?xed iron core or pole—‘ 
piece projecting forward from the base of 
said shell approximately to thecenter thereof; 
a main-circuit receiving or magnetization-va 
rying coil within said shell and encompassing I 
said pole-piece; and a complementary iron 
core or pole-piece constituting a part of the 
magnetic circuit of said shell and ?xed pole 
piece, attached to one of the‘ electrodes of 
said transmitting medium, and extending - 
loosely through the front aperture of said 
shell into and toward the center of the said 
coil, and into ' close proximity to the end of 
said ?xed pole-piece; substantially as herein» 
before described. . 

15. In an apparatus, for the reinforced re 
transmission of telephone-currents, thecombi 
nation with a variable-resistance transmitting, 
medium; of an electromagneticand magneto-'v 
electric receiving and retransmitting medium, - 
comprising a tubular iron shell having a front 
central aperture; a ?xed iron core or pole-piece 
‘projecting centrally forward from the heel-v 
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plate or base "of said shell toward the middle- ' 
thereof; alocal-circuit mag'netizing-coiLand a 
,main-circuitmagnetization-varying coil, with 
in said shell and encompassing said pole-piece; 
and a movable iron pole-piece constituting a 
part of the magnetic circuit of said iron shell 
and ?xed pole—piece,attached to one of the elec—. 
trodes of said transmitting medium, and ex 
‘tendingloosely through the front aperture of 
.said shell into and toward the center of the said 
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coils, and into close proximity to the end of 
said ?xed pole-piece; substantially as and for 
the purposes set forth. 

16. In a telephone-current reinforcing and 
renewing apparatus, the combination of a tu 
bular iron shell centrally perforated through 
its front plate or wall; a?xed iron pole~piece 
extending forward interiorly from the rear 
end of said shell toward the center thereof; a 
local-circuit magnetizing-coil, and amain-cir 
cuit magnetization-varying coil,disposed con 
eentrically within said shell and surrounding 
said pole-piece; and a complementary mov 
able iron pole-piece extending loosely through 
the front central aperture of said shell into 
the center of said coils and near to the end of 
said ?xed pole-piece, to constitute conjointly 
with said shell and ?xed core a nearly com 
plete magnetic circuit with opposing poles 
separated by a variable gap at the center of 
said coils; with a variable-resistance trans 
mitting medium having ?xed and movable 
electrodes, the said movable electrode being 
attached to the outer end of said complemen 
tary pole-piece, and adapted to participate in 
the movements thereof; substantially as 
speci?ed. 

17. In atelephone-circuit current renewing 
and reinforcing apparatus, the combination of 
a tubular receiving-electromagnet, comprising 
a cylindrical iron shell centrally perforated 
through its front plate or wall; a ?xed iron 
pole-piece extending forward into said shell 
from its rear end to or toward its center; a 
local-circuit coil to develop an initial m agneti 
zation, and a main-circuit coil, to vary the 
same, disposed concentrically within said shell 
and surrounding said pole-piece, the said mag 
netizing-coil being outermost; with a movable 
iron pole-piece extending loosely through the 
front central aperture of said shell into the 
center of said coils and near to the end of said 
?xed pole-piece to constitute conjointly with 
said shell and ?xed pole-piece a nearly com 
plete magnetic circuit with opposing poles 
separated by a variable gap at the center of 
said coils; and a variable-resistance transmit~ 
ting medium having a movable or vibratory 
electrode attached to the outer end of said 
movable pole-piece and adapted to participate 
in the movements thereof; whereby the mag 
netic changes produced by. the action of the 
magnetization-varying coil are enabled to act 
directly through a connection of slight iner 
tia upon the transmitting medium, dispensing 
with an intermediate vibratory diaphragm; 
as set forth. 

18. In a telephone retransmitting and rein 
forcing apparatus the combination with a va 
riable-resistance transmitting medium having 
a movable or vibratory electrode; of a mov 
able iron pole-piece attached to said movable 
electrode; and a tubular actuating-electromag 
net for said pole-piece; comprising an iron 
shell having a front plate centrally perforated 
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to receive said movable pole—piece, said iron 
shell being slit longitmlinally down its side 
and to the center of its front plate; a magneti 
zation-varying coil within said shell; and an 
iron pole-piece ?xed to the hcel~plate of said 
shell and extending forwardly therefrom 
toward the center of said coil, and into in 
ductive relation with the inner end of said 
movable pole-piece; substantially as and for 
the purposes set forth. 

19. The combination in a telephone retrans 
mitting and reinforcing systen‘i, of an electro 
magnetic receiving device con'iprising a mag 
netizing-coil establishing an initial magnetic 
?eld, a main-circuit magnetization - vanving 
coil adapted by the passage of \r'oice-currents 
therein to vary said initial ?eld accordingly, 
and ?xed and movable magnetic cores in op 
erative relation to said coils and to one an 
other, and responsive to such variation; and 
a variable-resistance transmitting medium 
having a movable electrode attached to said 
movable core to be actuated thereby; with a 
local circuit containing the magnetizing-coil 
of said receiving device; and an adjustable 
resistance therein, for the regulation of said 
initial ?eld; substantially as set forth. 

‘20. In a telephone-current-rein'forcing sys 
tem and apparatus, the combimrtion with a 
transmitter comprising ?xed and movable 
electrodes, and granularcarbon held l_)et\vcen 
them to constitute a variable resistance; a 
lightiron core or pole-piece attached to the 
movable electrode of said transmitter and pro~ 
jecting outwardly therefrom; and a compound 
separately-excited receiving-n'iagnet compris 
ing a magnetizing-coil. a main-line varying 
coil, and a ?xed iron core or magnetic pole~ 
piece, the said pole-pieces projecting into op 
posite ends of the said nnrin-lineeoil and ter 
minating in close proximity to one another 
at or near the center thereof; of a local cir 
cuit containing the said magnetizing-coil; and 
an adjustable resistance in the said local cir~ 
cuit whereby the strength of the initial mag 
netization may be regulated; substantially as 
described. 

21. A telephone~current-reinforcingsystem 
and apparatus, consisting of a main circuit; a 
bridge between the conductors thereof; a local 
circuit; a magnetizing-coil in said local cir 
cuit; a 1nagnetization-varying coil associated 
with said main circuit and connected in the 
bridge thereof; a?xed iron pole-piece or core 
excited by said magnetizing-coil and extend 
ing into the said varying-coil, to establish an 
initial magnetic ?eld variable by the action 
thereof; a transn'iitting medium comprising 
vibratory or movable and ?xed electrodes; 
electrical connections between said transmit 
ting mcdium and a second main circuit or 
main-circuit section; and a complcmentanv 
and movable iron core or pole-piece, mounted 
loosely within said bridged varying-coil, with 
one end adjacent to the end of said ?xed core 
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‘ in the said ‘variable magnetic ?eld of said coil, 
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and havingits other end attached to the mov-v 
able electrode of said transmitting medium, 
and adapted thereby to actuate the same in 
conformity with the variations of said mag 
netic ?eld, and to vc‘ause’the same to establish 
reinforced currents corresponding to such va 
riations. in said main circuit. 

22. In a telephone-current renewing or re 
inforcing apparatus, the combination with a 
transmitting medium comprising carbon gran 

_ulations held between electrodes; of an ex 

15 

tended radiating-surface in metallic connec 
tion with said transmitting medium for dissi 
pating heat from said carbon granulations; 
substantially as described. ' ' ‘ 

23. In a telephone-current-reinforcing ap 
paratus, a transmitting-button, comprising 
electrodes insulated from one another in a 
metallic frame, and carbon granulations held 

- between said electrodes to constitute a vari 
able resistance; in combination with heavy 
metal blocks or mountings of great mass and 
external surface surrounding and inclosing 
said transmitter-button, and in contact with 
the metallic frame thereof, to serve as a heat 
radiator therefor, and to conduct away and 
dissipate the heat generated in said button by 

‘ and during its normal operation; substantially 
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as set forth.- 7 

24. The combination in a telephone retrans 
mitting and reinforcing apparatus, of a mag 
neto-electric receiving part; a variable-resist- 
ance transmitting part actuated thereby; and 
a heavy metallic casing inclosing ‘the whole‘ 

, and in contact with the metallic parts thereof, 
the said casing being of large mass and pro 
vided with large radiating-surface, and con 
stituting a heat-radiator for the collection and 
dissipation of the heat developed in and by 
the normal operation of the said transmitting 
part; substantially as set forth. _ ' 

25. A telephone-current renewing and re 
inforcing apparatus, comprising a fixed mag 
netic pole or magnetized core producing an 
initial magnetic ?eld of moderate strength; a 

_ magnetization-varying coil surrounding the 
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end of said core for the variation of said ini 
tial ?eld; a var1able-resistance transmitting 
medium; a magnetic connection of low inertia 
established between the said transmitting me 
dium and the said varying magnetic ?eld; and 
means for dissipating heat from said trans-Y 
mitting medium; the said coil and transmit 
ting medium being adapted'for connection in 
different main circuits or circuit-sections re 
spectively; substantially as set forth. 
I 26. In atelephone-current renewing and re~ 
inforcing instrument, the combination with a 
receiving-magnet comprising a tubular iron 
shell having a front central aperture, a ?xed . 

9 

iron core projecting forward from the base of 
said' shell toward the center thereof, and a 
main-circuit magnetization-varying coil with 
in said shell and round said core; an associ 
ated transmitter-button‘ comprising ?xed or 
rigid and movable or vibratory electrodes held 
apart and insulated from each other in a me 
tallic frame with granular carbon between 
them, to constitute a variable-resistance me 
dium; and a complementary iron core orrod 
secured to the vibratory electrode of said trans 
mitter and extending therefrom through the 
front aperture“ of said iron shell to the center 
of said coil and into close proximity to the 
end of said ?xed core; of a metal heat col 
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lector and radiator surrounding and in con-' ‘ 
tact with said receiving-magnet and transmit 
ting-button and comprising a heavy metallic 
casing therefor, ametal extension-block scored 
or rigid to increase its radiating-surface, and 
a metallic standard or base-plate, the said 
block and standard being secured to or in 
tegral with said casing; whereby the heat de 
veloped in and during the operation of said 
transmitter-button may be conducted there 
from and dissipated by radiation; as set forth. 

" 27. A telephone reinforcing apparatus, con 
sisting of a heavy metallic casing and stand 
ard, said casing being recessed vertically and 
perforated horizontally; a granular variable 
resistance chamber and ?xed electrode rigidly 
supported within said recess, and provided 
with a hollow shank or stud containing an in 
sulated rod, ?tting within and passing through 
said perforation, the chamber and ?xed elec 
trode being conductively connected with said 
shank and insulated rod respectively; aheavy 
metallic radiating-block channeled or scored 
to provide increased heat- radiating surface 
and mounted upon said shank in contact with 
said metallic casing; a movable front elec~ 
trode for said variable-resistance chamber in 
conductive connection therewith; a magnetic 
receiving device comprising a magnetized 
?xed. core, a magnetic complementary and 
movable core secured to said front electrode, 
and a main-circuit varying-coil, all mounted 
in front of said casing-recess within a heavy 
metal inclosing ring secured to the face of 
saidcasing; the metal casing, standard, radi 
ating-block and inclosing ring, being arranged 
to conduct away and dissipate the heat de 
veloped in said variable-resistance chamber, 
during the operation thereof; as described. 

In testimony whereof I have signed my name 
to this speci?cation,in the presence of two sub 
scribing witnesses, this 5th day of J uly,'1904:. 

' ‘HERBERT E. SHREEVE. 
Witnesses: ' . 

GEO. WILLIS PIERCE, 
JOSEPH A. GATELY. 
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