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o all whom 1+t may concern.

Be it known that T, JUL1AN A. STRATTON,
a citizen of ‘the United States, residing at
(‘hicago, in the county of Cook and State of

Tllinots, have invented certain new and use-

{ul Improvements in Means for Transmitting
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Electric Currents with Increased Energy, of

which the following is a specification, refer-
ence being had to the accompanyving draw- |

Ings. _ .
My invention relates to improvements in
means for transmitting electric waves or un-

dulations, ¢iving to them increased energy in

their propagation; and as hereinatter set
forth, my invention is shown and described
as embodied in what are called telephone

]l‘

I‘eFv:-lter& Tt «will, however, be obvious to
all skilled in this art that the particular use

to which the invention is put may be varied

threugh a wide range.

In the following deseription and claims,

“the terms, "‘primary’”’ and ‘‘secondary’ re-

fer, respectively, to the parts of the device
which receive and which transmit the cur-

rents. whether- such parts be connected
“directly to the lines or inditectly thereto

through intermediate devices. 1t is my in-
tention to cover in the following deseription
only the essential {features of my new device
and certain modifications thereof, but to
omit descrintion of parts which are depend-

ent upon the mode of connection of my new

“device in the circuit, such as induction cols
and the like used i two-way transmission.

35

1In the electrodynamic or ‘‘dynamo’’ type

~of telephone repeaters, the essential features
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- motive forces are set up
-as the field they are cutting varies from m-
stant to instant, the speed of the conductors

65b

- remaining constant.

may be described as follows: The voice cur-

rents (which are the currents to be repro-
duced or transmitted with an increase of
energy or mtensity) pass through suvitable
primary windings, which correspond to the
ficld windings of a generator, and by their

passage there is set up a varying magnefic.

field the variations of which correspond to
the variations of the currents waich produce
1t.

the secondarv or transmitting cireuit. By
virtue of the motion of the said conductors

Through the varving magnetic feld so
established, there is moved a conductor or
combination of conductors from which the
“currents generated by such motion are led to

through the varyving magnetic field, electro-

e

herefore, the currents

g,FD

in them which vary.

senerated in the secondary or transmitting

section of the device correspond in wave Torgm
to the currents which flow in the primary

section or element. 'While thus preserving

‘the same wave Torm in the electricai vihra-

tions transmitted, it is sought to give such
vibrations increased energy; and this m-
crease in energy is obtained by a transforma-
tion of the energy used in driving the eon-

ductors through the magnetic field. Vari-

ous forms of this type of repeater have been

devised, using the homopolar type and the

commutator type of electric motors or gen-
erators, of which those designed particularly
for electrical smoothness of operation are
selected in order to prevent disturbances due

to irregularities in the generation of the sec-

ondary electro motive forces. |
An:increase of energy of the electrical
vibrations is theoretically obtainable by this
means alone; but it is found in practice that
it is difficult to obtain any substantial 1n-
crease of such energy without resorting to
the usc of excessive speeds for the moving
conductors. For example, using a repeater
of this (dynamo) type, runmng at high speed,
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it has been found bv me that the electrical |

energy delivered from the moving con-
ductors of the secondary was approximately
eigcht times that supplied to the primary
windings, when 2 constant direct current
was used as the exciting current. Using the
same repeater and running it at the same

| speed but with telephonic voice currents as
th
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e field exciting current, I found that the

energy of the electrical vibrations deliv-

ered from the secondary or transmifting

circuit was even less than that available

in the primary side, the comparison being

made by a telephone receiver. This result
15 due to the fact that the telephonic voice
currents are pulsating or alternating in char-
acter and of high frequency and are, there-
fore, opposed in their passage through ‘the
primary. windings by the mductive impe-
dance of those windings; and this inductive
impedance 1is of such a high value that the

windings is small in comparison with the field
which would result, were a constant electro-
motive force of the same effective value -ap-

plied to the terminals of the primary. wind-
110

ings. Consequently, in order to generate
any considerable energy, the secandary con-

| ductors must move through ‘this-weak mag-
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strength of the magnetic fields established by
the voilce currents in the primary circurt or
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netic field at an extremely high speed, or
must be of very great length. In tﬁe latter
case the increase of resistance consumes &
large part of the energy generated. Fur-
thermore, the higher harmonics of the voice
currents are move effectually suppressed than
those of low frequency, which is a disadvan-
tage as the higher harmonics naturally suffer
the greatest loss in transmission. |

The object of my invention is to provide &

repeater In which the effects of the inductive
impedance above referred to will be reduced
to a minimum and in which the higher har-
monics will not only be allowed to pass but
will also be repeated, reproduced or trans-
mitted with greatly increased energy. A
further object of my invention is to provide
s repeater in which a wide range of selection
of the parts of the telephonic scale to be
transmitted (or of waves of widely different
length) may be made.

Another object of my invention is to pro-
vide arepeater in which a maximum efficiency
of transimnission will be attained.

In carrying out my invention,

a. condenser suitably proportioned as de-
seribed below, the combined parts being con-
nected to the line in the ordinary manner.
The values of the capacity of the condenser

‘and the coeflicient of self-induction of the

primary winding are so chosen that a condi-
tion of resonance exists for currents of & cer-

tain frequency, which may be termed the

critical frequency and which has a definite
relation to the frequency of the voice cur-
rents composing the telephonic scale. .- Cur-

rents, alternating or pulsating, of the chosen

frequency, pass through the primary wind-

ings practically as freely as would direct cur-
rent through a similar winding without the
condenser, and they establish a field of such

strength that a large increase of energy for

currents of the eritical frequency is obtained
in the moving secondary conductors cutting
that field. From this it follows that the
function of the resonant circuit 1s to allow
the passage through the winding of sufficient

current to establish the proper strength of |

variable magnetic field.
For currents above and below the critical

frequency, the nature of the effect is the

“same, although in a lesser degree, and de-
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creases as the difference in frequency be-
comes greater. The critical frequency 1s
chosen with regard to the frequencies of the
voice currents of the telephonic scale, de-
pending upon the results which it is desired
to obtain. 1t mav be taken in the upper part
of the scale, thus causing the repeater to
reinforce most strongly the vibrations of
high pitch which lend distinctiiess to tele-

phonic conversation; or it may be taken m

the lower part of the scale to magnify the

_ _ , I use a pri-
mary or field winding having in series with 1t.

1

|

tion, 1 have describec

the different primary windings

line in parallel, the

- the number of

883,086

the loudness of the speech reproduction; or
it may be taken at
these extremes.

_ To make ‘clear the

a
mary circuit; but in its application I prefer

to use a plurality of such resonant windings

1princ'.i[')le of my inven-

any point intermediate

single resonant pri-.

70

or circuits, the different circuits being tuned °

to frequencies taken at suitable intervals
along the telephonic scale. By these means
the voice currenfs are greatly
throughout the whole scale by increasing the

strength of the variable magnetic field which

acts upon the secondary element, the effect of
merging mto
each other at intermediate Il)oints. Any
part of the scale may,

strongly reinforced than the rest, if desired.

For example, if it is desired that the frequen-
cies of a certain order should predominate,.

the resonant windings corresponding to that
part of the scale may be tuned to frequencies

at relatively closer intervals, or may be ar-

ranged to have a relatively larger number of
turns. - While the individual primary reso-
nant circuits are preferably connected to the
essential feature of the
arrangement of parts 1s that a resonant path
be provided for each chosen frequency. In
some cases it may be desirable to provide for
frequencies above. or

scale.” Such a provision may be made in the

same manner as for frequencies within ‘the
lm .
100

scale. The frequency. intervals may
taken ‘equally, or in any other desired way,
possible intervals depending
upon the mechanical construction chiefly.
The closer the intervals are taken, the more
uniform is the reinforcement; but a la

number of intervals is not required to give
satisfactory results. This system of reso-
nant primary windings ma
any telephonic repeater employing a variable

magnified

be applied to
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nevertheless, be more
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below the telephonic
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magnetic field established or controlled by |

the currents which it is desired to reinforce.
The function of such windings remains the
same as just described in connection with the
electrodynamic ‘or ‘“‘dynamo” type of re-
peater; namely, the increasing in intensity of

the variations of field strength obtainable

from a given available amount of electrical
energy, although the function which such a
variable field serves in the operation of the
repeater may be different in:the different
types. Thus, In a repeater using & variable
magnetic field to actuate a magnetic dia-
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phragm, or armature, which operates a vari- -

able resistance device, the resonant primary
windings may be advantageously used for
establishing or controlling that field. Simi-
larly, the system may be employed in any
other type of repeater in which one of the
steps incident to the operation of the device
is the establishing of a variable magnetic

65 fundamental vibrations, which determine | field by the telephonic currents, whether
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such field exists alone or in connection with | up deviees, than to make the armature con-
ductors of great length.  An induction coll
with & suitable ratic of transformation may
he used, its primary being connected to the

other magnetic fields. However, I prefer to

use the “dynamo’’ type of repeater, because

of the positive nature of its operation and the

absence of microphonic contacts and dia-

phragms. In the ‘‘dynamo’” type of re-

E

peater, either the commutator type or the

unipolar type of machire mmay be used; and

“either the field structure or the secondary
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~ form is used. |
armatures should be used carrying a large
‘number of armature coils and provided with
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" available for transmission, if the voltage
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the moving element or elements.
“ergy used to provide for the relative motion

conductors, or both of them, may be made
The en-

of the secondary conductors with regard to
the variable magnetic, field may be supphied
mechanically, as through a shaft, or elec-
trically by means of -auxiliary windings and
magnetic fields.
conductors relatively to the magnetic field
may be one of translation, or of oscillation,
instead of one of rotation. It will, therefore,
be understood that I am not hmited to any
particular arrangement or form of construc-
tion in these respects. However, to obtain
the best results, the following considerations

should be observed, in order to obtain the
The parts of the magnetic cir-.
cuit subjected to alternating or to fluctuating-

best results:

magnetic fields should be laminated or
stranded. Further, it is desirable to use a
small amount of iron in that part of the
circuit composing the path of the variable

magnetic field set up by the voice currents.

Any periodically recurring irregularity in the
generation of the secondary currents will
cause objectionable disturbances in the sec-
ondary circuit. These disturbances are more

liable to occur, when‘the armature is of the

commutating ty{m,. than when the unipolar
‘0 avord this, smooth core

a large number of commutator segments, in
those cases in which the commutating type
of armature is used; the brushes should be

wide with respect to the commutator seg-

ments, or a plurality of.brushes should be
used: and the pole pieces should be formed

in such & way that the conductors enter and
leave the variable magnetic field gradually.

Although there is an increase in the elec-
trical energy delivered from the secondary

of the repeater over that received-m the pri-
mary, this increase in the energy will not be

variations are too small.  Consequently, 1t

1s found destrable in some cases to step up

these voltage variations before re-transmis-

sion and this is done by means of an indue-
tion coll, the use of which is particularly de-

sirable where the unipolar form ef generator
is employed in the repeater. Iven in the
case of the commutator type of repeater, 1

“consider. it more desirable to obtain a high rnetic i |
value of voltage variation by means of step- | than could be obtained without the use of

Further, the motion of the

repeater and its secondary to the hne.

Tt will be understood that my invention is

not Himited in its application to the reinforce-
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ment of currents transmitting speech, the v

‘particular use to which the currents rein-

forced are put, or the particular mode of
cenerntion of the primary pulsating or alter-

‘nating currents, not having any bearing upon
the scope of my Invention. |

My invention may be embodied In a re-
peater in any electrical system in which the

frequency of the currents employed are of

the order of those used in transmittingspeech;

or are such as to render the inductive 1mpe-

dance of ordinary primary windings objec-
tionable, as, for example, in the eiectrical
transmission of music. : .

In the drawings illustrating the principle
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of my invention and the best mode now

known to me of applying that prineiple,
Figure 1 is a diagrammatic representation of

a series of resonant circuits tuned-to given

frequencies; Fig. 2 shows diagrammatically
a repeater of the dynamo type the variable

field of which is generated by. currents flow-
ing in such resonant circuits; Kig. 3 1s a view

similar to that of Fig. 2 but showing a re-
pester of the variable resistance type imstead

of one of the dynamo type; and Fig. 4 illus-
trates the*mode of arranging the prunary
windings to link different magnetic circuits.

In series with the primary windings «a, b

and ¢ are, respectively, the condensers d, e

and f each of which condensers 1s so propor-
tioned with regard to its associated winding
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that a condition of resonance exists in each

of the three circuits for currents of a given
frequency traversing that cireult, each chosen
frequency being properly related to the scale
peater is intended to reinforce in the manner
heretofore deseribed.  Under the action of
the pulsating or alternating currents from a
transmitter x i a eircuit of which the termi-

“of frequencies of the currents which the re-

‘nals are the common terminals g, A of the
three resonant circuits, the primary wind-
ings a, b and ¢ establish variable magnetie
Hields which serve in the operation of the re-
peater in the manner above deseribed.

The

object of the resonant primary cireuits 1s to

provide certain paths free from inductive
Admpedance for currents ol'certam frequencies

to cne of which cach eireuit is tuned, as be-
fore stated, and to eliminate to a less (or par-
tinl) degree the effect of such impedance on
currents .of frequencies mtermediate or be-

- tween those selected (the eritical frequencies

of the respective circuits). In this way

“more powerful magnetic fields are obtained
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such resonant circuits, ihe number of which
may be greater or less than the number shown
' the drawings depending upon
ness with which it is desired to cover the
range of frequencies in question. The wind-

ings @, b and ¢ may link the same magnetic

cireuit or they may Jink circuits whelly or
partially distinct.

netic fields produced by the several windings

are combined throughout the entire magnetic |

circuit, while in the second case the magnetic
field set up by each individual winding 1s
established in & magnetic circuit which, 1if
not wholly, is at least partially separate from
the magnetic fields set up by the others.

The magnetic fields established through

" the different magnetic circuits are combined

20

~ The object of tins
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 resonant to a particular
‘the greater part of the

39

40

that particular frequency.

at the point where they are utilized, as at the
armature of the secondary in ¥ig. 2, where
the repeater is of the dynamo type, or at the
diaphragm where the repeater 1S of the vari-
able resistance type, as shown In Fig. 3.
latter arrangement 1s. to
minimize, if not to eliminate, the inductive
effect upon one another of the windings de-
voted to the different critical frequencies of

the several tuned circuits, in order to in-

) variable magnetic

eld, the strength of which 1s thereby in-
creased. In explanation of this result it may
be stated that, slthough

of that frequency,
to utilize as much as possible of the remaln-
der of such energy by means of the other
windings, although they are
When all the

windings link the same magnetic circuit In

 geries, the relatively powerful magnetic field
~ established by a current of a certain fre-

45

o0

60

qetic field is neutralized in the latter case by | circuit. In

quency passing through its own particular
winding acts inductively upon the other

windings setting up counter-electromotive

forces in them which tend to prevent the

assage of currents of that same frequency.

y arranging the primary windings to link
separate magnetic circuits or separate parts
of the same magnetic circuit, this mutual
inductive effect is reduced, since the counter-
electromotive force opposing the passage of
current through any winding |

that winding itself, while in the case in whic

the windings all link the same magnetic cir-
cuit, the counter-electromotive force oppos-
ing the passage of current is dependent upon
the sum of the magnetic fields established

by all the windings. The counter-electro-

motive force generated by the varying mag-

the condenser in the circuit tuned to that par-

ticular frequency; but in the other circuits 1t

the close-

In the first case the mag-

of effective am-

frequency recelves
available primary
it is still desirable

not resonant to |

is dependent.
upon only the magnetic field established bi |

:

electromotive force increases

tion may
‘tual inductive action due to the
fween the various magnetic circuits. - Thas-
arrangement of the magnetic circuits may be -
) of repeater employing &

882,026

is only partly neutralized and its valué should
be, therefore, kept a8 Jow as possible.
arrangement of resonant circuits,
ing the flow of current set up through a given

set of windings by a given available primary

able field strength and provides
efficient operation, _ |
are combined at the point of application,—
the movable armature, or
It is usually sufficient to separate the parts of

windings, although
be provided in order to

cially advantageousin ‘ .
type, where it is not necessary to concen-
trate the magnetic field over a small area at
the place of
diaphragm. The
of the windings will vary with the type
the form of the repeater, as will be
stood by all skilled in this art.

In Fig. 2 the windings of the several res-

and
under-

‘onant circuits are linked around the yoke of

.may be

“with the essential

|

r

|
|

onda

primary circuits to

the field magnet i between the pole-pieces of
which is-rotatably mounted the armature 7
provided with a commutator k upon which
press the brushes I, m, connected in any sut-
able wa ]

ckilled in this art that the arrangement
shown in Fig. 2 of the drawing 1s merely dia-
grammatic and 18 intended merely to illus-
frate the application of the resonant circuits
of Fig. 1 to a repeater of the commutating
dynamo type; and that the magnetic circuit
or the 'secondary

_ odified In any
vided such modification
features of operation here-
inbefore described, For instance, the field
structure and the armature
unipolar type,
beingreplaced by sliding contacts,in the usual
way. Further, suxiliary magnetic fields or
other modifications may be employed for
various purposes. This drawing shows the
primary windings linking the same m
circuit (the circuit of which the field magnet
i is & part), but the arrangement may be va-
ried, however, as will be hereinafter shown.
Similarly, Fig. 3 is intended simply to show
the application

resistance type; and here, as in Fig. 2, the
primary windings link a common magnetic

In this type of repeater the varia-
!:)le-magnet.lc field acts (directly or indirectly,
it may be) to vary

L]

the total var-
for more =
since the magnetic fields

the diaphragm.

with the receiver z, as by the sec-
‘nes. It will be understood by all

_ may be of the
the commutator and brushes

agnetic-

by increas- -

10

-7 5:

‘the magnetic circult which bear the primary
more complete separa-

prevent mu-
leakage be-'

80
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a}glplicatiop, as for example,ona -
B mechanical arrangement
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elements of the repeater
way desired, pro-
does not interfere
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of the system of resonant .- |
a Tepeater of the variagble -
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seeondary circuit containing a source of eur-
rent. The field structure n concentrates the |

magnetic fields due to the primary windings
a, b and ¢ in series with their respective con-

“densers *d, ¢ and f in the resonant circuits

each of which is, as before, tuned to a certain

critical frequéncy. A variable resistance de-

10

vide p, such as a microphonic transmitter, 1s
mechanically connected with the diaphragnz

o of. the secondary element of the repeater:
and is eddctrically connected m a local cir-

~euwit (not shown).

20
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netic leakage which may exist between the
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In Fig. 4 there is shown an arrangement
cornprising primary windings which link sep-
arate megnetic circuits for the purpose here-

inbefore described. The primary wmdings.
-a’, b’ are in circuit, respectiveiy with the con-

densers d', ¢/, the elements of each circuit be-
ing so proportioned that each circuit is funed
to a certain frequency, as hereinbefore set
forth. The winding ¢’ links the magnetic
circuit g, )
magnetic circuit ¢, r, s. While the field

structure is shown as designed for the “dy- |
namo’’ type of repeater, 1t will be understood

that its form may be varied for use with the

| ig. 3. In the
arrangement, shown in Fig. 4, the current
passing through etther winding s not op-

~variable resistance type of rai;_pe&ter, a1l ex-
ample' of which is shown n F

posed by the counter-electromotive forces

encrated by the variable fields established
y the other windings, except for the mag-

circuits. The variable magnetic fieids es-

- tablished by the variéus windings are cumu-
lative in their effect upon the secondary ele-~

ment.

Tt will be understood that I am not limited
'to the use of two separate magnetic cireuits
but inay empley any number of such circuits

in either the dynamo or variable resistance

: tyge of repeater. -

n a resonant circuit, the impedance of the
windings dominates in opposing currents
above the critical frequency. Below the
critical frequency, the impedance of the con-
denser dominates. As the separation of the
magnetic circuits described reduces the effect

of the inductive impedance of the windings,
it will be seen that the arrangement serves
-to eniphasize the higher harmonies in trais-

mission, which is desirable for the reason be-

- fore stated.

. It will be understood that where a current-
reinforcing device is herein referred to, a de-

" vice which relays or reinforces the electrical

60

vibrations is meant rather than one which
merely transforms or transmits the energy
which it receives. The resonant electric eir-
cuits hereinbefore described as linking the
sqme or separate magnetic circulits increase

“hi strength of the variable magnetic fieid |

r, 8, while the winding &’ links the

ondary circuit 1n

 brought to bear upon, a dynamo armature,

transmitter diaphragm or similar device:
- What I elatm 1s: o

1. The combination with a
rent having diverse frequencies, of a plu-
rality of induetive windings in circuit there-
with; a condenser for each of said windings,
each condenser and its codperating winding
being proportioned for resonance to a given
frequency from said source; separate mag-

netle circuits each of which is linked by one
of said windings and a current-reinforeing

device controlled by the variable magnetic

- tield established through said magnetic cir-

cults. | |
2 The combination with s source of eur-

rent having diverse frequencies, of a plurality

of primary circuits connected therewith, each
circuit heing resonant to a given frequency
from sald source; a magnetic field energized
by said current; and an armature which ro-
tates in said field. ) 3

3. The combination with a source of ¢ur-
rent having diverse frequencies, of a plura(.i'itv

of - primary circuits connected therewith,

each circuit being resonant to a given fre-

quency from said source; a plurality of sepa-

rate magnetic cireuits each of which is linked

by one of said primary circuits; and a sec-
induective relation to said

cireuits. -

4. The

rent having diverss frequencies, of a plumlit}?

of primary circuits connected therewith, each

circuit being resenant to a given frequency
from said source; and a movable secondary
slement in inductive relation to sald prumary
cireuits. o R * '
5. The combination with a source of cur-
rent having diverse {requencies, of a pluraiitﬁ
of primary circuits connected therewith, cac
circuit being resonant to a given frequency
from satd source; a plurality of separate mag-

source of eur-

combinastion with a socurce of cur-
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netie circuits each of which is liitked by one

of said primary circuits; and a movable sec-
ondary element in inductive relation to said

primary eircuits.

8 The ecombination with a source of cur-

rent having diverse frequencies, of a ])lumiiw
of inductive windings connected t erewith

mounted in series with each of said windings,
each condenser and its codperating winding

| being proportioned for resonance to a given
{requenéy from sald source; a plurality of

separate magnetic circuits each of which 1s
linked by one of said windings and a current-

110

and in parallel with each other; s condenser .

115

120

reinforcing device controlled by the variable .

maguetic field established through said mag-
netic cireults.

7. In combination, a plurality of circuits
each-containing an inductive winding and &

condenser, said winding and condenser being

125
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~proportioned for resonance to a given fre- | In testimony whereof T hereunto set my -
quency; & source of current having diverse | hand this sixth day of July, 1906, at said
frequencies connected with said circuits; a | Clicago, in the presence of two witnesses.
‘magnetic field energized by said current; an o EULIAN A. STRATTON.

¢ grmature in said field; and a secondary cir=|  Witnesses: o |

cuit the current in which is controlled by sald ‘HerMAN L. BaIr,
~ armature. | * | Harry T. REYNOLDS.

-
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