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UNITED STATES PATENT OFFICE, 
CHARLES D. LANNING, OF BOSTON, MASSACHUSETES. 

SYSTEM FOR THE TRANSMISSION OF ELECTRICAL ENERGY. 

1,053,098. 
Original application filed December 26, 

To all whom it may concern: 
Be it known that I, CHARLEs D. LANNING, 

a citizen of the United States, and a resi 
dent of Boston, county of Suffolk, State of 
Massachusetts, (whose post-office address is 
95 Milk street, Boston, Massachusetts,) have invented an Improvement in Systems for 

O 

the Transmission of Electrical Energy, of 
which the following description, in connec 
tion with the accompanying drawings, is a 
specification, like characters on the draw i. ings representing like parts. 
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y invention relates to methods for rein 
forcing an electrical current on a conductor 
by the action of said current upon another 
current and the impressing or superposing 
upon said first mentioned current of a third. 
current set up Qr controlled by said second 
current; and my improved method has ref 
erence particularly but not exclusively to 
the reinforcing 
currents. 
This application is a division of my prior 

copending application Serial No. 293,216, 
filed December 26, 1905. 
For the purpose of describing the afore 

said improved method I have in the an 
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nexed drawings indicated apparatus that 
may be employed. 
In these drawings: Figure 1 is a diagram 

matic representation of circuit connections 
in a telephone system with apparatus for 
the practise of the method. Fig.2 is a simi 
lar view of telephonic apparatus with the 
connecting circuits differently arranged. . 

Referring to these drawings and particu 
larly to Fig.1, a represents a circuit intend 
ed for the transmission of electrical energy. 
In this particular instance I will describe 
the same as a telephonic circuit connectin 
the separated stations A, B, which are eac 
adapted both for the transmission and re 
ceipt of telephonic voice-created currents. 
Eor this purpose each station is provided 

45 with the usual receiver r, transmitter t, bat 

50 
those generated in the transmitting circuit 
of the station which may be intensified in 

tery band induction-coil c. At each sta tion, and as represented in Fig. 1 adjacent 
thereto, there is located reinforcing repeat 
ing means at R for impressing upon the line 
circuit current undulations proportional to 

amount. The means herein illustrated com: 
. prises a local circuit d, the latter including 

specification of Letters Patent. 
1905, Serial No. 293,216. Divided and this application filed June 2, 
1911. Serial No. 630,811. 

struction. 

of telephonic alternating 

Patented Feb. 1, 1913. 

a batterye and some means for varying the 
energy of said local or repeating circuit, 
such for example, as the variable resistance 
medium f, located in the repeating circuit 
which is here conventionally shown, but 
which may be of any ordinary or usual con 

The local circuit is associated 
with the line circuit so as to impress its cur 
rent variations upon the line circuit, such 
association in the illustrated system being 
through the medium of the induction coil 
g. The variable resistance medium f is sub 
ject to the controlling influence of the elec 
tro-magneth, thesdatter being in series with 
the secondary of the induction coil i, the 
primary of which is connected inline and in 
se with the secondary of the induction 

COII 9... . 
With the connection shown the current 

undulations generated in the transmitter t 
and impressed upon the line circuit are in 
ductively reproduced in the coil of the elec 
tro-magnet h, causing the variable resist 
ance f to impress similar and harmonious 
undulations upon the local circuit d, as will 
be well understood. The undulations of the 
local circuit are in turn impressed upon the 
main circuit to reinforce the original im 
El through the medium of the induction 
CO11 g. 

it is to be understood that the repeating agency employed may be any means adapt-. 
ed to receive telephone currents and repro 
duce therefrom currents harmonious there 
with, the invention being limited neither to 
the employment of a variable resistancel 
medium nor any other one particular agency 
for the purpose. 

it will be observed that the current undu 
lations transmitted in either direction from 
One station to the other are effective in caus 

to be cumulatively impressed upon the line 
circuit. . . . 

In Fig. 2 I have shown an application of 
this invention to a system NSN widely 
separated stations where it is desired to 
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ing intensified but harmonious undulations 
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introduce one or more repeating stations 
C, E), at intervals to step up or reinforce 
the weakened energy line undulations reach 
ing the repeating station. Each repeater 
station has a local or repeating circuit d, 
similar to that already described, and in 
ductively related to the line through the in 
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duction coil g. There is also provided a 
similar magneth, adapted to be energized by 
the line undulations, but herein shown as 
directly included in the line circuit, in 
stead of inductively associated therewith as 
before. 

st will be observed that the single repeat 
ing circuit at each station is in operative 
relation to the line for intehsifying the 
energy undulations transmitted from either 
station, this being accomplished by cumula 
tively and harmoniously adding the undula 
tions of the repeating circuit to those of the 
line, no matter in what direction transmis 
sion takes place. 
This discussion of the apparatus described in said drawings and its operation clearly 

discloses my improved method of reinforc 
ing the current entirely by series action of 
a conductor carrying the current upon re 
lated apparatus and the harmonious reim 
pression by Such related apparatus upon the 
line and by series action thereon of another 
current which is added to the original line 
current by synchronous and harmonious im 
pression thereon. The broad object of this 
method is to secure the reinforcement of 
telephone currents by closed circuit ar 
rangements without resorting to what are 
known in the art as “bridged or “recip 
rocally arranged’ repeating instruments. 
In “bridged arrangements while the new 
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current set up by the repeating or reinforc 
ing instrumentalities is theoretically added 
to the original line current, all line currents 
are divided among the different circuit por 
tions formed by the “bridged’ connection 
in the line and consequently the full line 
energy does not reach the distant terminal 
receiving instrument although it is for the 
purpose of strengthening the action of Such 
instrument that the current is reinforced. 
Moreover in all such “bridged’ arrange 
ments, with which I am familiar, artificial 
resistances or other elements are interposed 
in the circuits (that is, elements having no 
necessary connection with the direct current 

50 

reinforcing operation) and all current ef 
fects upon the line are thereby weakened. 
Still further it is generally necessary with 
such “bridged' arrangements to provide 
means whereby the different line portions 
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may be adjustably brought into an electri 
cally balanced relation as the circuit con 
nections from time to time, affected by the'. 
reinforcing station, vary te length or 
electrical qualities of the different circuit 
portions. In closed circuit reinforcing ar rangements involving “reciprocally ar 
ranged repeating instrumentalities (that is, duplicate repeater arrangements, each 
section of the line being independent of the 
other except as related through the replat 
ing devices and each section of the line having connected thergin the receiving ble 
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ment of one repeater, of which the trans 
mitting element is connected into the other 
line section, and the transmitting element 
of the other repeater of which the receiving 
element is connected to the other line sec 
tion) the action is substantially a pure re 
laying action similar to what takes place 
in a two-way telegraphic repeater; that is, 
there is no cumulating of the repeater 
caused current upon the original line cur 
rent; and in such forms there is in general 
a tendency to a strong reactive singing in 
the line unless at least artificial balancing 
or neutralizing elements are introduced into 
line connections. 
By the use of my invention as herein 

disclosed provision is made for synchro 
nously and harmoniously reinforcing a tele 
phone line current by means of repeater cir 
cuits serially related to the line, said re 
peater circuits including appropriate re 
ceiving elements and appropriate transmit 
ting elements magnetically independent each 
of the other. Both synehronous and har 
monious action of the repeater circuits on 
the line is necessary for uniform and most 
successful operation. 

Lack of synchronism results from me 
chanical or electromagnetic lag in repeater 
circuits as related to associated line cir 
cuits;-and the effect of such lack of syn 
chronism is to distort the form of the line 
current wave so that a double-peaked Wave 
may result from a single peaked wave 
originally impressed upon the line, thus pro 
ducing self-continuing or reactive operation 
of the whole circuit arrangement. This is 
the characteristic fault of such arrangements 
as shown in the patent to Gilliland, 
#247,631, September 27, 1881, and similar 
arrangements;-and is present in bridged 
forms of repeater circuits such as are shown 
in patents to Arnold, #542,618 and 542,619, 
and analogous arrangements. Reaction in 
such forms results from mechanical and electro-magnetic lag factors between the ex 
citation of the repeating instrumentalities 
by the line and the resulting excitation of 
the line by the repeating instrumentalities, 
with subsequent renewed excitation of the 
repeater. It is analogous to the reaction 
produced by holding a commercial telephone 
receiver closely opposite a related trans 
mitter in which relation frequently a con 
tinuous reactive “singing' of the receiver 
is heard. This is produced by the lag in the 
passage through the air of the vibration set 
up by the receiver diaphragm, which vibra 
tion is primarily caused by the original 
movement of the transmitter diaphragm. 
The elctric impulse flows at the assigned 
speed f electric current conductor flow but 
the i wave moves at a relatively slow 
speed so that each receive diaphragm nove 
ment" causes a subsequent movement of the 
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transmitter diaphragm. Where a telephone local current to the repeater-receiver-gov 
receiver and transmitter are operatively con erned current-varying means affecting such 
nected or related electrically each to the local current shall be such that any current 
other as in closed repeater circuits the con 
ditions of lag causing reaction are closely 
analogous to those just discussed. 
By “harmonious’ action of the repeater 

circuits and instrumentalities on the line, 
as distinguished from “synchronous” ac 
tion, I have reference to two factors. The 
first is the relation of the wave form re 
ceived by the repeater circuits from the line 
and the wave form re-impressed on the lat 
ter by the former. These obviously should 
be the same;-which means, when alternat 
ing line currents are employed, that the 
same phase (positive or negative) received 
by the repeater circuits from the line should 
be re-impressed by them on the line. This 
it will be apparent (disregarding internal 
connections in the repeater circuits, that is, 
connections therein other than those to the 
main line) is accomplished by properly ar 
ranging the terminal connections of the re 
peater circuits to the line. Each set of re 
peater circuits should be so connected to the 
line that the line wave form impressed on 
the repeater-receiver shall be re-impressed 
by the repeater-transmitter on the line. If 
this is not done, obviously distortion and 
change of wave form on the line will or may 
result, with consequent double-peaked wave 
forms in place of single-peaked wave forms; 
and, since the line and the repeater instru 
mentalities are in electrical connection, self 
excitation or “reaction’ will be produced, 
with a “singing” of the line. This is a 
characteristic fault of bridged forms of re 
peater circuits, and results therein from the 
fact that the various portions of the cir 
cuit formed by the bridge necessarily have, 
under varying operating conditions and un 
less means are provided for artificially bal 
ancing the same, various and different com 
ponents of resistance, capacity and induc 
tance, which produce change of the wave 
form as originally impressed on the line. 
The serial connection herein disclosed avoids 
these factors because the unitary condition 
of the transmitting line is not disturbed. A 
second factor relating to “harmonious cir 
cuiting has to do with the internal connec 
tion in the repeater circuits. Assuming as 
constituent elements of the repeating instru 
mentalities an initially magnetized receiv 
ing element, responding differentially to the 
phases of an alternating current (consti 
tuting therefore, as does the commercial re 
ceiver when used with alternating currents, 
a true “polarized” device) and a local di 
rect current varied in value by such receiv 
ing device and in turn operating to vary or 
produce a line current that finally reacts on 
the repeater-receiver, it is important that 

65 the connection of the circuit carrying the 

impression put on the line by the repeater 
will produce in the said local current the 
change necessary to produce said last men 
tioned current impression. To make this 
clear, if the repeater local-current varying: 
device is a variable resistance microphone 
acted upon by an armature in the field of an initially magnetized electro-magnet adapted 
to be energized by the main line, then not 
only must the terminal connections of the 
line and the repeater circuits be “har 
monious,” but the connections of the local 
circuit to said current-varying device must 
be such that any given direction of move 
ment of the said armature shall produce an 
immediate local direct-current effect (and 
consequent, line current effect) that, ulti 
mately, reacting on the said magnet through 
the line, will produce the same direction of 
movement of said armature. If this is not 
done a condition is produced analogous to 
that existing in the interrupter of induction 
coils; that is, each change of movement by 
the armature tends, through the connec 
tions and magnetic arrangement, to pro 
duce an opposite movement thereof, and re 
active “singing” of the line will result. 

It will be evident from the foregoing that 
in the serially connected repeater or rein 
forcing circuits and instrumentalities that I 
have disclosed I have provided means where 
by a transmitter line may be kept in the 
normal, unitary connection from terminal to 
terminal and telephone currents thereon re 
inforced by harmonious connection and syn 
chronous action, so that the disturbing and 
variable factors present in “bridged’ or 
“reciprocally’ arranged repeaters are 
avoided. The action of the line on the re 
peater and of the repeater on the line is ob 
viously best had through undivided circuits. 

I do not herein claim the apparatus for 
carrying out the described method, such ap 
paratus being claimed in another copending application. 
Where in the claims I refer to the re 

peater - receiver element and the repeater 
transmitter element as being magnetically 
independent each of the other what I mean 
is such construction that the coils or wind 
ings of one do not act upon the coils or wind 
ings of the other in any except the desired 
manner, so that they are free from opera 
tive interference. This in general means 
(since the coils necessarily have magnetic 
cores) that the magnetic cores of the respec 
tive elements are separate from each other, 
whereby the magnetic flux set up by the re 
ceiving instrument is not directly operative 
upon the transmitting element, the latter be 
ing designed to be controlled by an inde 
pendently created magnetic flux. 
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Claims: . 
1. The method of reinforcing a varying 

current which consists in setting up by the 
series action of a conductor carrying said 
current variations of a second current har 
monious with the variations of said first 
mentioned current; in creating by the action 
of said second current a third varying cur 
rent harmonious in its variations with the 
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current each magnetically independent of 
the other. - 

3. The method of reinforcing alternating 
telephone currents on a line which consists in 
setting up by the series action of variations. 
of current flow in said line an undulatory 
direct current harmonious with the wave form of said alternating current; in setting 
up by the undulations of said direct current 

variations of said second current; and in a second alternating current, and in im 
impressing said third mentioned current Se 
rially upon said first mentioned current syn 
chronously and harmoniously with the vari 
ations thereof; and which consists further 
in maintaining the said action of said first 
mentioned varying current on said second 
current and the said action of said third 
mentioned current on said first mentioned 
current each magnetically independent of 
the other. 

2. The method of reinforcing an alternat 
ing current which consists in setting up by 
the series action of a conductor carrying 
said current variations of a second current 
harmonious with the variations of said first 
mentioned current; in creating by the action 
of said Second current a third varying eur 
rent harmonious in its variations with the 
variations of said second current; and in 
impressing said third mentioned current se. 
rially upon said first mentioned current syi:- 
chronously and harmoniously with the varia 
tions thereof; and which consists further in 
maintaining the said action of said first 
mentioned varying current on said second 
current and the said action of said third 
mentioned current on said first mentioned 

pressing said second alternating current on 
said line by series action thereon, synchro 
nously and harmoniously with said first 
mentioned alternating current; and which 
consists further in maintaining said two se 
ries actions magnetically independent of 
each other. 

4. The method of reinforcing alternating 
telephone currents on a line which consists 
in setting up by the series action of said line 
a second alternating current harmonious in 
its wave form with said first mentioned al 
ternating current; and in impressing said 
second alternating current on said line by 
series action thereon synchronously and 
harmoniously with said first mentioned al 
ternating current; and which consists fur 
ther in maintaining said two series actions 
magnetically independent of each other. 
In testimony whereof, I have signed my 

name to this specification, in the presence of 
two subscribing witnesses. 

CHARLES D. LANNING. 
Witnesses: 

EveRETT. S. EMERY, 
ROBERT H. KAMMLER. 

Gopies of this patent may be obtained for five cents each, by aldressing the “Commissioner of Patents, 
Washington, D.C.' 
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