J. J. SKIDMORE.

TELEPHONE REPEATING APPARATUS AND CIRCUIT.
APPLICATION FILED MAY 9, 1907,

012,908,
N
SE

=,

o~
f‘%w
K,
Y

2 N

16
7

B AW—]! gm—————-——

=
m

A
—1|tfsje
15

am’

2
V. 4

L

‘.
N 2

.

72
C

11

A

1.

RS L |
o "‘&
! | . o
o |

.k’ M%“p

G

Patented Feb, 16, 1909,

| I?z V"erutor.

?Zl’&ma-



20

25

 UNITED STATES PATENT OFFICE. |

JOHN J. SKIDMORE, OF BOSTON, MASSACHUSETTS, ASSIGNOR TO AMERICAN TELEPHONE
o "AND TELEGRAPH COMPANY, A CORPORATION OF NEW YORK. .

TELEPHONE REPEATING APPARATUS AND CIRCUIT.

' No. 912,908.

Specification of Letters Patent.

Patented Feb. 16, 1808,

Application filed May 9, 1907. Serial No. 872,701,

P

To all whom it may Concern:

Be it known that I, JouN J. SKIDMORE, re-

- siding.at Bostop, in the county of Suffolk and
- State of Massachusetts, have invented cer-
tain Improvements in Telephone Repeating
Apparatus and Circuits, of which the follow-
ing is a specification. | |

elephone repeating apparatus in practice
is frequently included in the circuit connec-
tions of switchcords, thus securing a reinfore-
ing action between whatever lines the cord
‘may be used to unite. Since the lines will
naturally not always be of the same length
and character, the repeater is obviously often
called upon to act between sections of the
complete circuit which differ materially as to
their electrical properties. Asis well known,
in repeating circuits which are commercially
~ in use, such, for example, as that disclosed In
the patent to Shreeve, No. 835,037, Novem-
" ber 6, 1906, it is necessary to have something
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%}E‘pmaching an electrical balance between
‘the line sections to prevent reactive disturb-
ances between the receiving and transmit-
ting elements of the apparatus. Instead of
-adjusting at the repeater the resistance and
eapacity of the sections which it connects, as
described in the above-mentioned patent,
‘the so-called ‘‘singing’’ of the apparatus may

- 30 be prevented by somewhat decreasing its

sensitiveness. B

~ The purpose of the present invention 1s to
~ provide a system in which this change.in the

condition of the repéater will be made when-

35, ever necessary without attention upon the

- part of the switching operator.

+ " "The accompanying drawing illustrates dia-

_grammatically a repeating apparatus. in-

cluded in a cord-circuit arranged in accord-

- 40 ance with my invention.

Upon a switchboard at a station A is situ-

" ated switching means, which is here shown as
consisting of the usual jacks, of which four
are illustrated, these being designated by the

_ﬁ'.455' characters J J*J% and J*. ~ The springs 7 7* of
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- the jacks are connected to line or main con-
- ductors L and L?, which may represent either
. a substation or trunk line constituting a sec-
~ tion of the entire transmitting circuit.

erent lengths, those joined to the jacks J

- and J* being comparatively long while those
- of the jacks J* and J* are much shorter.

The
Slosve contact §* of eackr-jack is shown s

grounded or secured to & common return by

i in the conductor 12.

' duction coil O, its secondary o® bein

n of th re transi t. The |
50 g;t;s_tation or trunk lines are assumed to be of

i a conductor 10. In this conductor belonging

to the jacks J? and J* are included resistances
I, which will be hereinafter more particularly
referred to. . .
Associated with the switchboard are a e6c
suitable number of connecting or cord cir- '
cuits C adapted when in use-to constitute
sections of complete transmitting circuits.
Only one cord circuit is represented, this
terminating in plugs P and P? for codpera- 65
tion with the jacks. The tips p and rings p*
of the plugs are connected respectively to
conductors 11 and 12, while ]E,etween the
sleeves p® extends a conductor 13. Included
in the cord is a reinforcing apparatus and 70
circuit, the other mechanisms usually pres-
ent in connecting circuits being omitted
from the drawmg to render the present in-
vention more clear. In the strands 11 and

12 are the primery windings of & repeating 75

| induction coil M, which acts to de.iver energy

to the reinforcing circuit. This coil has
said primary windings arranged in sections
m m* m? and m4, of which m and m* are in the
conductor 11, while sections m® and m* are 80
In each pair of sec-
tions the terminals other than those joined
to the cord strands are united, and connected
by a bridge conductor 14, which contains
the primary winding o of a regulating 1n- 85
in-
the third conductor 13.of the cord. | oth =
windings of the induction coil O are pref-
erably of comparatively low re:lstance.
The secondary winding of the coil M 1s 90
shown in sectlons m® and m® included 1n &
circuit 15. closed through the winding of
the receiving element » of the repeating
agparatus R. The transmitting e.ement 7°
of the repeater forms a part of a circuit 16, 95
which also contains a battery B and the
rimary winding 7 of a transmitting 1n-
uction coil N, the sectional secondary 7
of which is comprised in the cord strands 11
and 12 at opposite sides of the bridge 14. 100
This coil N returns reinforced energy to the
line, operating in & manner now famLiar to
those skilled in the art. o
The third conductor 13 of the cord con-
tains a battery B? and the winding of 8 low- 105
resistance sensitive relay 17, and the arma-
ture 18 and front contact of said relay co-
operate to complete the circuit 16 for the -
transmitting e'lement ! of the repeater.
“In considering the operation of the sys- 119
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 tem, it should first be noted that if the short | ing apparatus, which, operating the trans-
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lines of jacls J* and J* are connected to one
~ another 1t will not be necessary to seek to re- |

inforce the wvoiece currents, since transmis-
sion will be sufliciently good without this,
and a switchcord not comprising a repeater
may be used, so that my invention does not
here come into play. If the lines joined
are the longer ones J and J*, the condition
here encountered may be considered to he
such that the fluctuating terminal impedance
has been offset hy the line capacity, so that
the impedance as a whole has become sub-
stantially constant. These lines are suffi-
ciently balanced for the purposes of the
herein-descrited repeating apparatus. The

operation will then ke as follows: When the

operator places the plugs P and P? in the
jacks J and J* a circuit 1s completed from
eround to ground through the conductors
10 10, sleeve contacts of the jac's, sleeves of
the plugs, conductor 13 and winding of relay
17, resulting in the energization of the relay
from the battery B® DBy attracting 1its
artuature this relay closes the circuit 16 of
the transmitting element 7> and prepares the
repeater for operation. The normally open
condition of the circuit 16 prevents waste of
the rattery B, and the initial singing which
would follow the condition of extreme un-
balance if but one plug were placed in a jack,

- while the circuit of the transmitting element

35

were closed. As there is no resistance in the
conductors 16 of thé jac’s, and as the wind-
ing of the relay 17 and secondary o* of the
induction coil O are of low resistance, the
total resistance of the grounded third con-

~ ductor circuit of the cord will te small.

40

Then since the impedance of the primary o
of the coll O i1s dependent upon the resist-

ance in series with its secondary winding,

~ the impedance of the bridge conductor 14 1s

45

20

low. 'This being the case, voice currents
originated at the station connected, for ex-
ample, to the line of jack J will flow through
the cord conductor 11 and the primary sec-
tion m of the coil M, and, on account of the

relatively s!i%ht impedance of the bridge,

v all-pass therethrough, then
through the coil section m?® and back by con- |
ductor 12 to line.
- mary sections m and m® exercises an in- |

will practical

The current in the pri-

- ductive effect upon the companion primary

- 0D

60

- sections m? and m?*, as a result of which the

voice currents are transmitted to a certain

extent directly through the cord into the
line conductors of the jack J°. These pairs |
of primary windings are so connected that

the current flowing in both sections of each
palr 1s neutralized as regards its effects upon

‘'the secondary winding, and therefore the

only inductive action on the latter is from

- the current traversing the bridge. ~The cur-

65 ergizes the receiving element of the repeat-

rent generated thereby in the secondary en-

4

mitting element, causes the circuit 16 to
throw upon the line through the coil N rein-

forcing currents from the hattery B, On

account. of the length and consequent ap-

proximsate balance of the connected lines,

the extremities of the bridge conductor 14
are at the same potential with respect to the

- energy put upon the hne hy the secondary

- - ' £ L - Ly ™
windings n? of the transmitting mduction

70

79

coll and the reinforeing currents do not re- .

act upon the 1'ej>ea,ter. Now suppose the
long line of jack

| tively short line of jack J2%, in which the 1m-
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pedance is considerably lower and

erhaps
variable. Upon the connection of the lines
by the cord-circuit C the ends of the bridge
are now no longer at equipotential as re-
cards the returned energy, and therefore
sald bridge and the receiving element are
traversed by the reinforcing as well as the

is to be joined to the rela--

80

.85

originating current, tending  to cause the

apparatus to sing. But we now have in the
circuit of conductor 13- the resistance 1,
which 18 so selected that it bears some pre-
determined relation to the impedance of tne
line econnected to its jack, the less the 1m-

90

pedance the greater heing the resistance. -

This resistance in series with the secondary
winding 0® of the coll ‘O increases the im-
pedance of its primary, so that less of the

95

original transmitted current traverses it.

The reinforcing effect of the repeating appa-
ratus 1s therefore somewhat
though not enough to materially impair its
efficiency, and it is rendered less sensitive.

decreased,

100

Thkis Leing true, the reactive effect upon it

due to the lack of talance of the linesis less,

and, when this adjustment is properly pro-

vided for by inversely. proportioning the re-

-sistance to the impedance of the line with

which it is associated, the singing becomes
so slight as not to disturb transmission. It
will e seen that this control is made wholly
incident to another act upon the'part of the

105

110

operator necessary to the switching of the

lines, and as an adjustment requires no

thought. - |
T claim: - _ S

1. The combination of a telephone circuit

or circuit section; telephone apparatus asso-

ciated therewith; two other telephone cir-

cuits or circuit sections which are unequal

113

or dissimilar with relation to each other;

means for connecting the first named circuit
with and disconnecting it from each of said
two other circuits, and means associated

120

with one of said two unequal circuits adapted

upon connection of its eircuit with said first
named circuit to control the sensitiveness
of the telephone apparatus associated there-

2. A telephone system comprising lines

and jacks to which they are joined; tele-
phone apparatus which may be associated

125

130
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with said lines; and a resistance connected
to an element of a jack for codperation with

‘said apparatus and bearing a predetemined

relation to the line to which the jack belongs.
3. The combination of a telephone circuit

or circuit section; telephone apparatus asso-

ciated therewith: two other telephone cir-

cuits or circuit sections which are unequal
or dissimilar with relation to each other; a.
switch . element united to ‘each of said cir-

cuits for connecting the first named circuit
to either of the other two; and means con-
nected to the switch element of one of the
two unequal circuits for varying the sensl-
tiveness of the telephone apparatus of the
first named circuit when said circuits are

_ joined by their switch elements.

20

4. The combination with two sections of a
telephone transmitting circuit, of means for

connecting and disconnecting said sections; |
‘telephone apparatus associated with one

of the sections; a bridge across the last-

 pamed section through which current passes

25

"to actuate the telephone apparatus; and
‘means adapted to be brought into codpera-
tive relation with the bridge by connection ,

~ of the two circuit sections and acting to

30

85

140

vary the electrical impedance of the bridge:

5. The combination with two sections of a

telephone transmitting circuit, of means for

connecting and cisconnecting said sections;

telephone apparatus associated with one of |
_the sections; a bridge across the last-named

section through which current passes (0
actuate the telephone apparatus; and neans
permanently associated with the other sec-
tion adapted to be brought into codperative
relation with the bridge by connection of the
two circuit sections and acting to vary -the

‘electrical impedance of the bridge.

6. The combination with two sections of &

| _telgphcme transmitting circuit, of a plug and

45

a jack for connecting and disconnectin

‘said sections ; telephone apparatus assoclate

with the section hawing the plug; a bridge

- across the last-named section through v hich

~ current passes to actuate the telephone ap-

Con-

paratus; and a resistance permanent](ir

nected to an element of the jack and adapted | '

| upon engagement

3

of the plug with the jack
to be brought into codperative relation
with the bridge and thereby vary the elec-
trical impedance of said bridge, said re-
sistance having a predetermined relation to
the circuit section to the jack of which 1t
is connected. | ' |

7. A telephone system comprising line
circuit conductors and jacks to which they
are joined; a connecting circuit having plugs
for codperating with the jacks and a bridge
through which current passes to actuate the
repeating apparatus; a repeating apparatus
‘neluded in the connecting circuit; and &
resistance associated with a jack and
adapted, by the insertion of a plug of the
connecting circuit in said jack, to beDbrought
into codperative relation with the bridge to
vary the impedance thereof. |

8. The combination with telephone lnes
and jacks to which they are joined, the

sleeve contacts of said jacks being grounded,

of a three-conductor cord-circuit comprising

08
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plugs for cooperation with the jacks; a

repeating apparatus included in the line
strands of the cord; a resistance included
in the ground connection of a jack; and
meatis contained in the third conductor of
the cord for inductively associating the re-

sistance with the repeating circuit, substan-

tially as described. f |
9. In a telephone system, the. combina-

 tion with a transmitting circuit, of a rein-

forcing circuit; reinforcing apparatus asso-

ciated with said reinforeing circuit; a bridge
“across the transmitting circuit, said bridge

being adapted to carry current for the sup-
ply of energy to the reinforcing
and a resistance inductively associated with

' the bridge to affect the sensitiveness of said

reinforcing apparatus. |

“In testimony whereof, I have signed my
name to this specification in the presence of
two subscribing witnesses, this seventh day

of May 1907. - |
JOHN J. SKIDMORE.

Witnesses: *
Geo. WiLLis P1ERCE,

Jaues E. Lynos.
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