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- Do all whom it may concern:

o r
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Be it known that I, Auva B. CrArk, re-
siding at Brooklyn, in the county of Bings
sud State of New York, have invented cer-
tain Improvements in Means for and Meth-
ods of Regulating the Transmission Over

Electric Circuits, of which the following 1s

a specification.

This invention relates to f{ransmission
circuits, and more particularly to {ransmis-

sion ecircuits of the type known as four-

wire circuits, although it is in general ap-

- plicable to transmission circuits of any kind.

The principal object of the invention is
to provide suitable methods and means for
maintaining substantially constant the
transmission equivalent of a circuit regard-
less of variations in the conditions affect-

~ing the electrical characteristics of the cir-
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cuit. Other and further objects will, how-
ever, be clear from the description of -the
invention hereinafter given. '

"In general, the transmission equivalent

of a eircult varies, due to a number of
different causes. If the transmission cir-
cuit be“of the four-wire type, in which a
pair of separate transmission lines are em-
ployed for transmitting in opposite direc-
tions, these causes may be divided 1nto two
classes: The first class comprises causes
which affect both sides of the cirguit, or 1n
other words, both transmission lines, i the
safne meanner. Among these causes may be
enumerated variations in the resictance of
the conductors, loading .coils, etc., vari-
ations in capacity, inductance, or other elec-
trical characteristics of the cable, and vari-
ations in the potential of repeater batteries

common to repeaters in both sides of the

40

|

cirenit. The second class comprises causes
which affect the two sides differently, such
as variations in. the structure ol repeater
bhulbs where vacuum tube repeaters are eim-
ployed, variations in the potentials of grid
batieries, or aceidental variations due to the
resistance of bad joints, leakage due to
poor insulations, etc. ”

In the case of transmission circults 1n

which only one transmission line 1s used

for transmission in the two directions, the
factor of variation with respect to the two
sides of the circuit will generally be absent
but some or all of the above causes may

contribute to produce variations in the

transmission quivﬁaﬁeﬁt of the circuit, there-
by rendering it highly desirable that some

provision be made for overcoming the eflect

of these variations. | -
The present invention contemplates elim-
inating these difficulties by varying some ad-
justable element of the transmission circuit
to compensate for the variations introduced

into the -circuit. In general a number of

55

methods may be employed in carrying out '

the objects of this invention.
the effects due to some one cause, such
temperature variations, may be compen-

For example, 65

as .

sated for by observing the changes produced 1

in one circuit of a cable and then varying
in accordance with such changes, similar
elements of a number of circuits which are
In the case of

affected in a like manner.

70

a four-wire circuit, where it is desired.to

take into account variations which do not
affect both sides of the circuit alike, adjust-
ment may be made for each side of the
four-wire circuit separately to compensate

for all causes of variation in either side.

Where less precision is required, effects due

to all possible variations .in the .two sides

sated for by simultaneously varying like

of the four-wire circuif may. be compen- = -

elements in the two sides of the circuit on
the assumption that the two sides vary abike. -

- These methods may be carried out either

manually or automatically and by making

85

adjustments either continually with var-
ations in the circuit, or at intervals of suit- -

able frequency. For puUrposes of illustra-

tion, apparatus is disclosed for automatical-
ly carrying out the last method above men-

tioned, but it will be understood that man-

ual apparatus may be employed 1f desired. -

The objects of the invention arz secured

as herein disclosed by disconnecting the
ends of the two transmission lines, compris-

05

ing a four-wire circuit, from their termi- -

nating arrangements, and interconnecting

the ends through adjustable . transmission
devices capable of introducing transmission

105" :

losses or gains which together are adjusted -
to have a transmission ‘equivalent double
and opposite in sign to, that to .which the

sides of the four-wire circuit exclusive of

the terminals are to be adjusted. The path

thus formed will sing when the amplifica-

106

tion therein exceeds the loss,.and the cir- .
cuit will have the proper 'transmission

L
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equivalent when it is adjusted to a critical

point at which singing just begins or just
ceases. Aeccordingly by arbifrarily bring-

ing the amplification of the path well be-
low the singing poini and then graduailly
adjusting the circuit independently of said
interconnecting means uniil singing jusi ve-
gins, or by raising the amplification weil
above the initial singing point aud grad-
nally adjusting the circuil until singing
just ceases, the circuit will be set for the
proper transmission eguivalent. | |

Where the latter method is employed the
emplification in the closed path may be in-
creaged until it is greater than the total
loss, preferably by increasing the amplidca-
¢lon of one-way repeaters in the {wo trans-
mission lines of the four-wire circuit. This
causes singing -{o $aks place around this
closed path and by gradually decreasing the

amplification .of similar amplifiers 1 the

two transmission lines until singing just

ceases, which occurs when the total ampli-

fication is approximetely equal to the total

. 1o » d . X » N
loss, the four-wire circuit will be set for the
desired transmission equivalent. In order

to perform these functions automatically the

circuit may be so arranged that when the
two ends of the four-wire circuit are 1nter-
connected, an automatic switch controlling
the setting of the potentiometers which de-
termine the amplification of the repeaters,
will be restored to a normal condition, in
which the potentiometers are set to permit
the greatest
then takes place and an slternating current
relay respomsive to the singing oscillations
may be arranged to control the advancing
of the switch until the potentiometers are
at a position such that singing just ceases.

The invention may now be more fully un-
derstood from the following description

when read in connection with the accom-

panying drawing, Figure 1 of which 1s a
schematic diagram of an arrangement in
which the invention may be embodied,
while Fig. ¢ is a circuit diagram showing
an automatic apparatus for carrying out the
invention, as epplied to a four-wire circuit.

Referring to Fig. 1, a four-wire eircuit
is shown interconnecting two terminal sta-
tions C and D, said four-wire circuit com-
prising a pair of transmission lines L., and
., for transmitting in opposite directions.
It will be understood that these transmis-
sion lines may inciude one way repeafers
(not shown) for securing desired trans-
mission over the circuit. At the terminal

station the four-wire circuit may be asso-

ciated by means of the usual three-winding
transformers 1 and 2, with terminating two-
wire lines L, and I, said two-wire lines
being balanced by suitable artificial lines
When 1t is desired to adjust
the transmission of the four-wire circult

?ossib}e amplification. Singing

the ends of tho lnes Ly, and I, may be dis-
connected from their terminal arvangements
by means of relays 8, 4, 5 and 8§, only the
contacts of which are shown in Iig. 1. By
means of these ralays the “
T, and Ly, may be interconnscted through
the adiustable transmission devicss M, and
M, indiceted schemabicslly. Thess devic
may pe of any sulal :
should be so designsa
transmission equivelent whoss -
ble and opposite in sIgL |
it is desived the sides of the four-wive eir-
cuit- exclusive of the termingl “ppporatus
shall be adjusted. ia, 1F 16
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in other words, 19
desired to arrange the four-wire civeull s0
] give ¢
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that each of ils two sides will give & cer-
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toin galn 1 transmission fhe agviess I,

P ¢ | | i
and M, should together represeny 2 jrans-
mission loss equal o twice the cesired g,

o

On the other hand, 1t it 18

there shall be a certain fransmission ,
each of the two sides the devices M, and
should comprise ampliiiers, or cther means
whereby a total transgmission gain egual fo
twice the desired loss may be produced. in

R LT
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order to simplify the arrangement, the de-

. r : o 4 | . ;
vices M, and M, may be combined at cne

station so that at the other station the ends

—_

-3 T -
and L., are di-
the

of the transmission lines L.

rectly connected. In order to adjuss

{ransmission equivalent of the Tour-wire

circuit, transmission varying devices X, and

X, which will give either losses ox. gaims

mav be provided in Iines L, and ., respec-
tively.
so as to malke the amplification greater than

the loss in the closed path through M, M,,

L., L,, X, and X, so that singing will take
place. A suitable arrangement such as the
slternating current relay V will then re-
spond to the singing thus set up, and the
devices X, and X, may then
either manually, or automatically under the
conirol of the device V, until the ampliiica-
tion is approximately ecnal to the logs, when
the singing. ceases. Under this condiflon,
the total transmission equivalent of the com-

be

plete loop is zero, so that the actual trans-

mission equivalent of that portion of the
loop comprising the lines I, and 1., and
the transmission varving devieces X, and X,
is equal to, but opposite in sign to, that of
the devices M, and M,. Assuming that the

devices M, and M, have been properly spgi, 3

!

the four-wire circuit will now have the go-
sired transmission equlvalent. .
Turning now to Fig. 20 which shows i

more detail an arrangement{ corresponding

to that illustrated schematically in ¥iu. 1,1t

will be seen that amplifiers A, and 4, are

inserted in the lines 1., and 1., respeciively,
and correspond to the devices X, and X, re-
spectively of Fig. 1. In order to conirol the

amplification of these amplifiers, potentio-

Y PO o W Y e v
onds of the ilines

L=ty

adjusted

Sl T
&"#F;'J' .

25
aesired thab

EE

These devices shouid fTrst be set

fescd
&
",

£erd
- BT
{ot

r IR
i"“



- 10

15

20

25

30

3B

43

59

89

8

1,438,218

meters P, and P, are provided, the setting
of said potentiometers being determined b

an automatic switch, including wipers SS;
and S,. Relays 3, 4, 5 and 6 are shown for

the purpose of disconnecting the transmis-

sion lines L, and L, from the terminating

arrangement at stations C and D, and for

interconnecting the ends of said lines in
order to regulate the transmission -thereof.
At station C the lines L, and L, may be di-
rectly connected over path 7. At station D
the ends of these lines are interconnected
through an adjustable transmission device

comprising an amplifier A, corresponding

to the device M, of Fig. 1. Bridged across
the path including the amplifier A, is an al-
ternating current relay V, which responds

to singing over the four-wire circuit to con-

trol the stepping magnet 8, whereby the
switch including wipers S, and S,, 1s ad-
vanced. The relays 3, 4, 5 and 6, as well as
relay 9, are included serially in a simplex
eircuit passing over the two sides of the line
L,. Any other suitable circuit connecting
the terminals of the four-wire circuit may,
of course, be employed. This circuit 1s nor-
mally closed, but is opened by means of
switches 10 and 11 when connections are
completed over the two-wire lines L, and L,
to the four-wire circuit, thereby deenergiz-
ing relay 9, and relays 3, 4, 5 and 6. Kelays
3, 4, 5 and 6 upon being deenergized, con-

‘nact the four-wire circuit to the terminal ar-

rangement. The simplex circuit controlling
these relays may also be opened by means ot

2 switch 12 which may be either hand oper-
ated, or may be operated at regular inter-

vals by means of a suitable timing arrange-
ment. When the simplex circuit 1s again
closed upon the taking down of the connec-
tion over lines L, and L,, or by the closing
of switeh 12, the relays 3, 4, 5 and 6 again
disconnect the four-wire circuit from ‘the
terminal arrangement and ‘interconnect the
ends of the lines Is, and L,. The relay 9 at

the same time advances a compmutator ar-

rangement 13 one step so that the brush

thereof passes over a live segment of the.

commutator and sends a momentary impulse
through the release magnet 14 of the po-

tentiometer controlling switch to restore

said switch to fits normal position, in which
position singing takes place over the four-

wire circuit, thereby actuating the alternat-

ing current relay V so that the switch is ad-
vanced step by step until singing just ceases.

Assuming that the amplifier A, has been
properly adjusted as explained, upon com-
pleting a connection over lines L., and I,
the switches 10 and 11 will be opened, there-
by breaking the normally cloged circuit
through relays 3, 4, 5, 6 and 9. This circuit
mav be traced from battery, over switch 19,
switch 12, through the windings of relays 6
and 8, thence in parallel over the two con-

&2

ductors of the transmission line L,, through
the windings of relays 9, 5 and 4, and over
switch 11 to ground. Relays 38, 4, 5 and 6

release their armatures so that the ends of

the transmission lines 1., and L, are con-
nected through the transformers 1 and 2 to
the terminating two-wire lines, and conver-

70

sation may now take place over the four-

wire circuit. The release . of magnet 5 per-

mits its armature to retract and engage a

new tooth of the commutator arrangement

13, but no circuit change results therefrom.
- When the connection over lines L, and L,
is taken down, switches 10 and 11 are again
closed to complete the simplex circuit al-
ready traced through relays 3, 4, 5 and 6,
and through magnet 9. Relays 3, 4,5 and 6
disconnect the transmission lines L, and L,
from the terminal arrangements and inter-
connect the ends of said lines through the
amplifier A,. The magnet 9 is energized at
the same time, and in attracting 1its arma-
ture advances the commuator arrangement

75
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13 one step, during which the brush of the

commutator passes over a live segment there-
of and again rests upon an insulating seg-

90

ment. A momentary impulse of current is.

thereby caused to flow through the release
magnet 14, which withdraws the pawl car-
ried by the armature of step magnet 8 from
the ratchet wheel of the switch 5, 5, per-
mitting the switch to be restored to 1ts poL~
mal condition, as indicated in the diagrain.
With the switch in this position, potentio-
meters P, and P, are so set that the greatest

95
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degree of amplification is produced by the

“amplifiers A, and A, with the result’ ‘hat

singing takes place over the circuit, inctud-
ing the transmission lines 1, and 1. and the
amplifier A,. Alternating current velay V
responds to the singing oscillations now pro-
duced, and closes a cirguit from mterrupter
15 over the front contact of relay V., and
through the winding of step magnet 8 fo
batter  The switch S, S, is now advanced

step by step until singing just ceases, when

the relay V releases its armature and the
switch remains in its advanced position,
with the potentiometers P, and P, so set

that the transmission equivalent of each of

the lines X, and 1., exclusive of their ter-
minating arrangements, 18 opposite 1n Sign

105

110 .
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to and equal to one half that of the amplh-

fier A,. If, therefore, the amplifier A, has
been properly set, the four-wire circuit will
have the desired transimission equivalent.
The potentiometers P, and P, wi I remain
in their set positions, and the cirenit 1s now
in condition to be used. R A
~ The same result may be secured by open-

‘ing and again closing the switch 12 either

manually or by means of a time controlied
device. It will also be obvious that the auto-

‘matic switch arrangement may be elimi-

nated, if desired, and the adjustment of the
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petentiometers may be pericrmed manu-
aily. |

By means of the arrangement dmclesed
a four-wire ciremd may be adjusted so thai
it will have any Jdesired transmission equw&m
lent, regardless of variations which may
take place 1n the circuit, so long as the varia-
tions affect both sides of the circuit alike.
It will aiso be obvious that the general prin-
ciples herein disclosed may be embodied 1n
many other organizations widely different
from those illustrated, without departing

from the spirit of the invention as defined
in the following claims.

What 15 claimed 1s:

1. In a four-wire circuit comprising a pair
of transmission lines Yor transmitting 1n
opposite directions and provided with means
whereby said lines may be interconnected
through terminal connections to terminal
hines or connected together independently of
sald terminal connections, the method of ad-
justing the transmission efficiency of the
four-wire circuit, which consists in produe-
ing a transmission path over a loop 1neclud-
ing the two lines of the four-wire circuit
interconnected independently of the termi-
nal connections, and producing a condition
in the transmission path such that the am-
nllﬁmtmn 15 greater than the loss, so ﬂmﬂ
singing takes plac and gradually adjust-

ihe cireuit until the amphﬁcatmn be-
comes shightly less than the loss, so that
SINgIng ceases. -

9. In a four-wire circuit cCOMprising a
pair of transmission lines for transmitting
in opposite directions and provided with
means whereby said lines may be intercon-
nected throueh terminal connections to ter-
nmml lines or connected together mdepend-
entiy of said terminal crmﬁe{tmﬁw the
mﬂLhod of adjusting the fransmission etli-
clency of the four-wire circuit, which con-
slsts In producing a transmission path over

a loop including the two lines of the four-
wire circuit interconnected ‘independently

of the terminal connections, and adjnsting
the circuit until a condition 1s reached deter-

a loop including “the two lines of the four- _

justing the transmission equivalent of the

100p antil *é'he &bmﬂrmal condltion no longer
SIISLS.

4. Ina four-wire circuit comprising 8 pair
of transmission lines for transmitting in op-
posite direciions and provided with means
wher cby the lines may be interconnected
through terminal connections with terminal

l1ines or interconnected mdepezideﬂﬂy of said "

teumm] connections with a transmission de-

vice having a total transmission equivalent
opposite 1n sign and twice that to which 1t

15 desired to adjust the four-wire circuit,
the method of adjusting the transmission
efficiency of the four-wire clrcmt which con-
sists in ‘producing a transmission path nver
a loop including the two lines of the four-
wire circuit with their ends conneched fo-
oether through sald transmission device in-
dependentiy of the terminal connections,
producing an abnormal transmission concli-
tion 1n the loop, and adjusting the transmis-
sion. equivaient of the loop until the abnor—-
mal condition no longer exists.

5. In a four-wire clrcmt COMPrising a
pair of transmission lines for transmitfing
in opposite directions and provided with
means whereby said lines may be intercon-
nected through terminal connections to ter-
minal lines or connected together mdepend
ently " of said terminal connectmnsg the
method of adjusting the transmission ef-
ficiency of the four-wire circuit, which con-
sists 1h producing a transmission path over

wire cireuit interconnected independently of

the texminal connections, reducing the trans-

missicn loss in the path thus pmduued SO

that singing takes place, and gradually in-

mined by whether or not the cireuit sings,

under whieh the amplification 1n the loop is
Callbbtdﬂildu‘}’ equal to the loss.

3. In a four-wire circuit comprising a pair
of transmission lines for tr ansnu‘ttmﬁ n op-
posite directions and provided with means

whereby said lines may be mgerconnected

through terminal connections to terminal
lines or connected together independently
of said terminal “GHHGCHOI}:.. the imethod of
adjusting the fransmission ﬂfhcmmy of the
four-wire cireult, which consists in pwducu
Ing & {ransmission path over a loop inelud-
mg ths two limes of the four- wire clreuld
interconnected independently of the termi-
nal connections, producing
transmission condition in the loop, and ad-

--- it s |

an abnormal

Four-wire

ue&smtg “the loss until singing just ceases.
. In a four-wire circuit consisting of a

pmt of transmission lines for Ll'ansmlttmg
in oppostie (izr%mops each 1ncluding am-
said four-wire circuit be-

phtying means,
ing provided with means whereby said lines
may be mter mnnected through terminal con-
nectlons to- terminal lines or connected in-

depe.ﬁaeﬁﬂy of said ‘iermmal connections

with ftransmission devices having a total
tmnsmmumﬁ equivalent double and opposite
in sigh to that to which it i1s desired to ad-
just each side of the four-wire circuit, the

method M: adjusﬁ,mg the transmission effi-
of the four-wire circuit, which con-

cieney
sists In producing a ﬂ'mnsmi%mﬂ patn Ovm
a loop which “@mlsﬂ;&, ox the two lines of the
e circuif with their ends connecled
independently of the terminsal connections
and ﬂnough said transmission dwm 85, 1n-

creasing the Eﬂphﬁﬂad{}ﬁ of said amplﬁya |

ing mezns uniil singing takes place over the
!mw thus produced, and gradually ruducmﬁ
the a npl fleation u%u singing just ceases.

7. ina mm "Wti{; mrcmb COMPTISING & palr
of bra nsmission lives for transmitting in op-

70
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posite directions and provided with means.

whereby the lines may be interconnected

through terminal connections with terminal
lines or interconnected independently of said

terminal connections with a transmission ee-
vice having & total transmission equivalent

opposite in sign and twice that to which 16
is desired to adjust the four-wire circuit, the

method of adjusting the transmission efii-
ciency of the four-wire circuit, which con-

sists in producing a transmission path over

a loop includng the two lines of the L onT-

wire circuit with their ends connectea to-
cether through said transmission device 1n-
dependently of the terminal connections, re-

ducing the loss in the path thus produced 80

o

that singing takes place, and gradually -
creasing the loss until singing just ceases.
8. In a four-wire circuit comprising a pair
of transmission lines for transmitting in op-
posite directions and each including amplliy-
ing means, said circuit being provided with
means whereby the lines may be intercon-
nected through terminal connections to ter-
minal lines or connected independently oi
said terminal connections, the metnod of ad-
justing the transmission eliiciency of the
four-wire circuit, which consists in produc-
ing a transmission path over & 1oop includ-
ing said pair of lines with their ends infer-
connected independently of the terminal
connections, increasing the ampiification of
said amplifying meens until singing takes
place over the path thus produced, and grad-

nally decreasing the amplification until sing-

ing just ceases.

9. In a signaling system, 2 1Wo Way Te-
peater circuit, means for connecting the two
sides of the circuit together to form a closed
path in which singing Wil take place when
the amplification in the pain exceeds the
loss, means to adjust he eircuit, and means
controlled by the singing of the circuit to
bring the adjustment fo an end when the
ampﬁﬁcati@n in the path is substantialiy
equal to the loss. ¥ o

10. In a signaling system, a Tour-wire
irapsmission circuit including al pair of
transmission lines for transmitting . op-
posite directions, means 1o interconnect the
ends of said lines independently of terminsl
connections, and means to reduce the loss
of said lines so that singing takes place over
the circuit thus formed and to gradually 1n-
crease the loss until singing just ceases.

11. In a signsling system, a four-wire

- transmission cirenit including a pair of

60

transmission lines for transmitting 1n oppo-
site directions, means to interconnect the
ends of said lines, means to teduce the loss
of said lines so that singing takes place over
the circuit thus formed, and means respon-
sive to the singing thereby produced to grad-
nally increase the loss of. said lines until
singing just ceases.

the terminating two-wi

!.-;-f‘-.%:

transmission lines for transmitiing in oppo-
site directioms,, amoplifying means in said
lines, means to interconnect the ends of said
lines independently of terminsal connections,

and means to increase the amplification of

said amplifying means so that singing takes
place cver the circuit thus formed and to
cradually decrease the amplification until
singing just ceases.

13. In a signaling system, & four - wire
transmission circuit including s pair of
transmission lines for transmitting in oppo-
site directions, amplifying means for said
lines, means to interconnect the ends of said
lines, means to increase the amplification ot
said amplifying means so that singing takes

place over ,the circuit thus formed, and
- 85

means responsive to the singing thereby pro-
duced to gradually decrease the amplhifica-
tion until singlng just ceases. | |

14, In a signaling system, a four-wire
transmission cireuit inciuding a pair of
transmission lines for transmitting in op-
posite directions, means to interconnect the
ends of said lines through a transraission de-
vice having a transmission equivalent oppo-
site in sign and double that to which 1t 1s
desired to adjust each side of the four-wire
eircuit, means to reduce the loss of said

cifeuit thus formed, and means responsive {o
the singing thereby produced te gradually

ingrease therloss of said lines until siging

Just ceases.,

15. In @ signaling system, a. four-wire:

irhnsmission cirenlt including @ pair of
transmission lines for transmitting in oppo-
site directions, amplifying means for said
lines, medns to interconnect the ends of said
lines through a transmission device having
g transmission equivalent double and oppo-
site in sign to that to which it is desired to

“adjust each side of the four-wire circuit,

means to increase the amplification of said
amplifying mearss so that singing, takes place
over the ecircuit thus formed, and means re-
sponsive to the singing thereby produced

to gradually decrease the amplification until”

singing jusi ceases.

12. In 2o signaling system, a four-wire
trensmission cireuit iscluding & pair of

78
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lines so that singing takes place over the

1090
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16, In & signaling systemy, a four-wire

transmission circuit including a pair of
transmission lines for transmitting in oppo-
site directions, terminating two-wire lines
o which the ends of said pair of transmis-
sion lines may be connected, means to
connect said pair of transmission lines from

ire lines and inter-
connect the ends thereof through a trans-
mission device having a transmission equive-
lent double and opposite in sign to that to
which it is desired to adjust each side of
the four-wire circuif, mesns to reduce the
loss in the four-wire circuit so that singing
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iakes place over the cireuit thus formed.
and moans responsive {o the singing thereby

produced to gradually increase the loss until

P T . ot
singing just ceasss.

17. In & sigpaling system, a Tour-wire
tyansmission circuit including a pair of

i

rpnemisgicn lines for transmitiing in oppe-
site directions, amplifying means for said
lines, terminating two-wire lines to which

the ends of said pair of transmission lipes
may be conmecied, means to disconnect said.

pair of Gransmission lines from the ter-
minating two-wire lines and 1nterconnect
the ends thereof through o trapsmission de-
vice having a transmission equivalent double

‘and opposite in sign to that to which it 1s

 desired to adjust each side of the fouv-wire

C eircewid
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means to increase  the amplifi-
cation. of eaid amplifying means so that
singing takes place over the c¢ireuit thus
former, and means responsive to the singing
thereby produced to gradually decresse the
areniification ‘until singing just ceases.

18. In = signaling system, a four-wire
trpnsmission circuit including a pair of

~ ¢rapsmission lines for transmitting n op-

o i_-r':.:
o L

posite directicns, ampliiying raeans for said
tromsmission lines, an automatic switch
having & nermel position and being adaptec
sdvanced therefvom or released an

L. B
iy 8

“ypegiared thercio, means under the controi

8,218

of said switch for determining the amphfi-
cation of said amplifying means, means to
interconnect the ends of said transmission
lines and to release said switch, means re-
sponsive to the release of said switch for In-
creasing the amplification of the ampliiy-
ing means so that singing takes place over
the circuit formed by the interconnected

pair of transmission lines, and means re-

sponsive to the singing thereby produced
for advancing said switch uniéil singing
just ceases. | |

19. In a signalling system a pair of trans-

“mission circuits, each transmigsion circuif

including amplifiers, and means for simul-
taneously adjusting the gain of the ampli-
flers in the two circuits while maintaining
the normal plate potentials and filament cuy-
rents of said amplifiers constant.

20. In a signalling system a palr of trans-
mission ecirvcuits, amplifiers in each of said

“transmission cireuits, and means for simul-

taneously adjusting the gain of the amph-
fiers in both cireuits in the same direction
while maintaining the normal plate poten-
tials and filament currents of said ampii-
fiers constant.
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In testimony whereof, I have signed my

name to this specification this sixth day of

September 1518, -
J&LV£:B.GLAHE;

W/
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