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" This invention relates to SIgnal fransmission
- systems and particularly to circuits for regulat-

ing transmission in such systems:
~ An object of the Inventmn IS to. Improve the
operation of such circuits.

The invention is more Spec,IﬁcalIy dIrected to

regulatmg circuifs employmg as control elements

- devices which have a non-linear reSIstance-dIrect

10

current voltage characnerlstlc such aS copper-
oxide rectifiers. - |

In one embodiment the Inventmn comprISSS a |

. voice-operated telephone repeater of the 22-type.

Rt

- Copper-oxide rectifying  devices are connected
. effectively in parallel with series Ioss elements in -
‘each repeating path and a single master relay
is responsive to initiation of speech signal trans-

- mission in either path to apply or remove biasing

~ voltages to control the resistance values of the .
copper-oxide rectifying devices in such manner

0

that the loss elements are short-circuited thereby
in the path transmitting signals and remain ef-

- fective in the other path. Thus while transmitted

‘speech receives the normal gain there is at all

. times an additional loss in the singing path of

25

the repeater. The additional loss: controlled in

this manner enables the use of higher gains than |

- would be permitted by the balances obtainable

30

35

. 40

- between the lines with which the repeater would

be used and their respective balancing networks.
A feature of the invention is the use of adjust-

able resisfances in a bridse configuration with
the copper-oxide rectifying elements, used for

control, for the purpose of reducing “click” dis-
turbances in the signal transmission path result-

ing from the application to and removal from the
- rectifying elements of the biasing direct currents.
- The objects and advantages of the invention
will be better understcod from the following de-
tailed description thereof when read in connec-
tion with the accompanying drawing, the single
figure of which ShOWS schematically the inven- -

. tion embodied in a two-way telephone repeater.

- The two-way telephone repeater circuit as
shown in the drawing comprises a transmission
path EA including the loss pad { and the one-

- way amplifying device 2, for repeating telephone
- signals in the direction from west to east between

~ the west two-way line section LW and the east
- two-way line section LE, and a transmission path
WA including the loss pad & and the one-way
amplifying device 4, for repeating signals in the
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© direction from east to west between the line sec-
. tions LI and LW, through the repeating coils 5

~and 6. The oppositely-directed one-way repeat-
“ing paths EA and WA are connec

ted In substan-

value and the impedance elements 9, ll
19 are preferably of equal value.

(CL 179—170)

tla,lly comugate relatmn WIth each other and 111

“energy transmitting relation with the line sec~

tions LW and LE by the hybrid coil transformers
H: and H: and associated bala,ncmg networks
N: and Nz in well-known manner. A circuit T
for transmitting direct current  signals around
the repeater in both- dlrectmns connects the lme
Sectmns LW and LE.

The loss pad | in the repeating p&th EA com-

pI‘ISES the two impedance elements 8 and 9 con-~

-nected in series with the upper conductor of the
- path EA and the two impedance elements 10-and .
{1 connected in series with the lower conductor
of path EA. Similarly, the loss pad 3 in the
repeating path WA comprises the two impedance

elements 12 and 13 connected in series with the

upper conductor path WA and the two impedance

elements 14 and 15 connected in series with the

lower conductor of the path WA. The impedance

20
13 and.i -

elements 8, 10, 12 and 14 are preferably of equal

A transformer 16 is utilized for connectmg

'the copper-oxide rectifier bridge (1 effectively

in shunt with loss pad . The primary wmdmg
18 of transformer 16 is connected aCross one
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diagonal of the bridge (1, and the two equal

secondary windings 19 and 20 of the transformer

16 are respectively connected across the imped-

- ance elements 8 and 9 in series and the imped-

ance elements 10 and {{ in series. Similarly,

the transformer 21 is utilized for connecting the

copper oxide rectifier bridge 22 effectively in shunt
with the loss pad 3 in the path WA. The prlmary

winding 23 of transformer 21 is connected across
-one diagonal of the bridge 22 and the two equal

3U

secondary windings 24 and 25 of transformer 21

are connected, respectlvely, across the impedance
elements 12 and 13 in series and the Impedance

Telements 14 and 15 in series.

‘The rectifier bridges IT and 22 have in each

of their four arms a copper-oxide rectifier unit

C comprising one or more stacked copper-oxide
discs the number used depending on the mag-

-nitude of the impedances in the loss pads | and 3.
The adjustable resistance units 27 and. 28 are

connected respectively in one of two of the arms

of bridge 17, and the adjustable resistance units
29 and 30 are connected respectively in one of two.
These adjustable 3

of the arms of the bridge 22.

resistance units are adjusted to compensate for

- variations in the impedance values of the copper-
oxide rectifier units in the several arms and thus
to improve the balance of the bridges.
copper-oxide rectifying unit C in the bridge 17 is

Each
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the series impedances 8§ and 8,

cated, it has an impedance of very low value, and,

when unbiased, it has an impedance of very high
value, due to the unidirectional chara cteristics of

the copper-oxide devices. It will be seen, there-

fore, that when the source 3{ is connected to the

rectifier bridge 7 as mdlcated biasing current

from the battery flows through the copper-oxide

units in such direction as to reduce their im-
pedances to a low value so that the bridge pro-
vides a low impedance across the primary winding
18 of transformer {9.
ments 8 and 9, {% and !{ of loss pad ! in the

path EA are therefore effectively short-circuited
through the low impedance secondary windings
- 19 and 28 of transformer 16, respectively, and the

loss pad | is efi ectively removed from the path
EA. Also, it will be seen that when the direct
current source 31 is effectively disconnected from
the rectifier bridge i1 the copper oxide units
therein provide a high impedance across the pri-
mary winding {8 of transformer {6, and, there-
fore, the secondary windings {9 and 28 of trans-
former {6 provide a very high impedance across
10 and {1 of loss
pad { in the path EA so that these impedances

are effective to insert loss in the repea,:,mg path -

BA. |
Similarly, each copper—omde unit C in . the

bridge 22 is so poled that when bhiased by direct-

current from the associated direct current source

32 poled as indicated, it has a very low impedance,

and, when unbiased, it has a very high impedance.
Thus, when the source 32 is connected to supply
current to the bridge 22, the bridge provides a low

impedance across the primary winding 23 of

transformer 21. The secondary windings 24 and
25 then provide very low impedance paths shunt-
ing the series impedance elements (2 and {3, [4
and 5, respectively, in the loss pad 3, and pad 3

is effectively removed from the path WA. Also,
When the direct current source 22'is effectively
d1sconnected_from the bridge 22, the copper-oxide

rectifying units C therein form a very high im-

pedance across the orimary winding 23 of trans-
former 21, and, therefore, the secondary windings
24 and 25 form high impedance shunts arcund the
series impedance elements 12 and {3,
respectively, in loss pad 3 so that the series ele-
ments in the pad are eTective- to insert loss in
the path WA, -

Connected across repeatmg path ,...,A at the

junctions of the. series impedance  elements in
loss pad | is the input of a voice-operated con~

trol circuit comprising in order a one-way ampli-
fier 33, a rectifier 34 and a chain of mechanical
relays comprising relay 35, relay 36 and relay 37.
Relay 358 is a polarized relay and relays 36 and
37 are of neutral type. Similarly,

the series impedance elements in the loss pad 3
is the input of a second voice-operated control
circuit comprising

chanical reﬁlays comprising relay 3

relay 37 as in the first control clrcmf These

econtrol czrcuzts operate to disconnect and connect

the direct current biasing sources 3i and 32 from
the copper-cxide rectifier bridges I7 and 22 and
to produce other results to provide proper di-

rectional control of signal traqsmlssmn 111 the'

repeater as will be described below.

The amplifiers 2 and & in the rhpea,tmg paths

The series impedance ele~

 tion to the other. re of |
35 1is on contact 48, current ficws over a cirenit

tending from the positive terminal of battery 3|

to contact 489.
effect of the bhiasing winding &4 cn relay

{4 and 5,

connected contact 50.

across the repeating path WA at the junctions of

. in order, the one-way amplifier
38, the rectifier 39, and the sa,me*eha,in' of me-
g, relay 36, and

relgy will operate to close cer;.tact

ings, whereas relay 25 will h
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so poled in the arm of the bridge in which it is
connected that when biased by current from the_.
associated direct current source 3i poled as indi-

and the amphﬁels 33 and "’8 in the control cir-
cuits may be of any of the well-Enown 1ypes, for
example, of the type employing three-electrode
amplifying vacuum tubes. The rectifiers 34 and
38 in the control circuits also may be of any of

the well-known types for exampile, as shown, of

the full-wave type employing two copper-oxide

rectifying units connected in push-pull relation.

- One winding 48 of relay 35 and one winding 41
of relay 38 are connected in series directly in cir-

cuit with the cutput of rectifier 34 in the control

circuit avsmlated with the path EA. A second
winding 82 of relay 35 and a second Wndmﬂ' A3
of relay 38 are connected in series directly in cir-

cuit with the output of rectifier 33 In the control
| mrcmt associated with the path WA.

Relay 35 has a third winding 84 sixuinted by the
resistances 45, 46 and 47 in series, the funciion
of which Wmd_ng is to shift bias from one direc-

When the arma’sl,.rk of 1e1_ay
ex-

through the copper-oxide rectifier bridege 13, re-
sistance &1, armature and back ccintact 48 of reiay

35 to the negative terminal of battery 3!. The
voltage drop in resistance 47 applies a biasing po-
tential to the winding 44 in such direction as to

tend to hold the relay armature on con tact 48.

When the armature of the relay is on conia ct 49,
current flows from battery 82 throucrh contact 49

and armature of relay 35, resistance &7 and the
copper oxide bridge 17 in the opposite direction,

the voltage drop in resistance 47 applying bhias in
the opposite direction to the relay winding 44
tending to hold the relay armature on contact
48, Thus, the voltage drop in resistance 47 con-
trols. the amount of blas supphed to the master

relay 35.

e winding 48 of relay 35 is so wound that

‘when energized by rectified speech roim the oub-

put of rectifier 34, it will oonerate to hold the relay
armature more firmly on contact 88 or shift it
from contact £9 to contact 48, swhereas the wind-

ing A2 is opnosﬂ:ely wound so that when ener-
gized by rectlﬁﬂﬂ speech from the outpui of

rectifier 39, it will operate o hold the relay arma-
ture on contact 49 or to shift it from contact &8
It will be seen, therefore, that the
35 is
to hold the relay armature in the position. corre-

sponding to the transmission of speech from one
direction until teiephonic. energy from the opne-

- gite direction causes the armature toc be trans-

ferred; then winding 44 tends to 1“016 thﬁ TN~
ture in the other position.
The windings 41 and 43 of rﬂlay 39 are wound

- so that energization of either, respectively, in

response to the rectified speech frocm the output
of rectifier 34 or from the output of rectifier &5
tends to attract the armature of the relay to its

the biasing winding 51, which is continiiously
supplied with biasing current from the battery
52 through the resistance 33.

winding £3.
5{ of relay 25 is made greater than thz norma
bias on the m'astﬂr relay 3B, so thab the farmer
59 only in re-
snonse to the strong peaks r:=f the rectified spsech
ceurrent supplied to either of £ ity mo erating wind-
he ﬂu&*‘ ted by the

applied rectified speech cUl f*mmu oi‘ low lufel
as well as the pﬂech neaks.

~ Relay 37 has two windings, E!.,--_‘JEE“:;JSEI}_E‘_ winding

This winding is 50 -
wound as to oppose the action of winding 41 o
rF’he normsal hias applied to xwindlhb..

10

20

Ly
ot

o
Cat

40

45

50

b9

60

The relay 38 has a third winding,

I 65



| 2,054 903

'mgnals are being ;reéeivEd at the repeater over
the line LE from the east subscriber.
ceived speech sighals will be impressed by the

54 supplled with bmsmg current by battery 55
‘through resistance 56, and an oppositely wound
operating winding §7 which is normally deener-

gized and iIs adapted to be energized by

Current from: ba,ttery 55 through the closed

armature and centact 60 of relay 36 when

the latter reiay is operated. When relay 37 op-

- 10

-~ ground through closed contact 5% and .
- of relay 36 and resistance 60.
20 2

~ energizing current to an operal ting winding, its

25

that contact.:

erates, its armature and contact 88 close a short

circuit- around the resistance 45 - in the circuit
normally shunting the: biasing Wlndlng 44 of relay
36, thus e

contact 50, the condenser 58 normally charged
by current from battery 55 through the winding
61 of relay 37 and resistance 89, dmchevges to

releases with cessation in the supply of sufficient

armature wiil fall baek end open contact 58 there-
by breaking the energlzlng cireuit for the oper-

-ating winding 57 of relay 37 from bettery 28 and

removing ground from the condenser 58 through
"The relav 37 will not release im-

mediately, however, but will be maintained op-
~erated for the addltmnal time 1ntewel required

30

- for condenser 58 to be ehmged {0 t‘le potential
of . battery 55 through the winding 87 and re-
- sistance £0.

The functlens of the two rele,ys 36

O and 3T will be e:?nla,med more fully in cenneetmn

40
~ shown in the drawing. In that case, polarizing

i
] |

through the copper oxide rectifier bridges
to the break in the circuit for battery 32 st the

with'- the descmptmn [} tne epefatlen of the re-—

.'n qter.

- The oper etien of t“le system as a. whele ‘Wlll

- now be described.
It will be essumed that in the 1d1e eendltmnz
of the repeater circuit, that is, when no speech

waves ‘are bemg 1eeewed from line section LW
or line section LE; the circuit cennectlons are as

current is being applied to'the coprer oxide bridge

circuit 17 from battery 31 through the armature |
- and. back contact 48 of relay 35, and resis stance
=~ A7.
- Insuch direction as to reduce the impedance of
the copper oxide rectifying elements C therein in

The current ﬂew*ng threueh the bridge 7 is

shunt-to the primary winding 18 of transformer

- 16 toa low value and the series 1mpedance ele-
ments 8, 9, I8 and ! of loss pad { are short-
circuited through the resulting low impedance

secondary windings 19 and 28 of the transformer.

- Thus, the loss pad | inserts little or no loss in the

transmission path EA.  No dlrect current flows
22 due

front contact 49 of the. master relay 35. Because

N of the resultant high impédance cendltmn of the

- pedance elements in loss pad 3 are therefore nor- -
- mally effective to insert loss in ‘the repeating
- path WA. The values of the impedances in each

elements 12, 13,

) copper oxide rectifying elements C in bridge 22,
G0
~ transformer 2!} is high end the series. 1"npedance -
(4 and 15 in loss pad 3 in re-
- peating path WA are shunted effectively by very
high impedances throlgh the. seeende'f Vv windings

the- 1mpedanee across the. primary Wlndmg 23 ef

24 and .25 .of the transformer. The series im-

'oss pad | or 3 :are selected so that when the

impedances are in the path EA or WA the total |
~loss lntroduced is sufficient to- prevent smgmg-

OT excessive regenerative effects.

. Now, let it be: assumed that epeeeh mgna,ls Irom'
the west subscriber are received at the repeater
~over the line LW and at that- time no speech.

- little attenuation to the amplifier 2.
plified signals in the output of the amplifier 2

ectively increasing the bias applied to
that: relay and making it less sensitive by an
-amount corresponding- to the increase in bias.
‘When relay 36 operates to close its armature and

armature
When the relay 36

speech impulses.

The re-

hybrid coil transformer Hi on the path EA, and,

the loss pad | being effectively removed from that

path, the main portion will be transmitted with

will be impressed by the hybrid coil transformer
Hz on the line LE and will be transmltted over
that line towards the east uubscnber

A portion of the west- to-east speech sagne,ls
at the midpoints of pad | in the path EA will be

that path and will be amplified by the amplifier

33 and rectified by the rectifier 34 therein. The
rectified speech currents will be supplied to the
epera,tmg winding 49 of relay 3% and the operat-
ing winding of relay 36 in series. As the armature

of relay 35 is on contact 48, the effect of the rec-
tified speech currents is only to hold the arma-
ture more firmly on contact 48 and loss pa,d f
remains eff ectlvely removed from path EA and

loss pad 3 remains effective in the path WA to
-prevent smgmg and excesswe regeneretwe ef-

fects.

bias on the relay 25 and sueh that the latter relay

will be operated only in response to the strong

peaks of the rectlﬁed speech supplied to the op-
erating winding 41.

cuit from ba,ttery 55 for the operating winding 57
of relay 37 causing the operation of the relay and

causing the dlscherge of the normally charged
condenser 59 through ground and resistance 66,
- Relay 37 operates to ettract its armature to con-
- tact 88, thereby closing a short circuit around re-
sistance 45 in the circuit nerma]ly shunting the

blasing winding 44 of the master relay 35. This

™

The normal blas on rela,y 30 13 greater than the_

| ‘When such peaks are re-
ceived, the relay operates to attract its armature

‘to contact 59, thereby closing an energizing cir- '

The am-

10

~ diverted into the control circuit associated with
16

20
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30
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40

removal of the portion of the shuntlng reszstence '

by rectified telephomc currents frem the east

Teduces effectively the bias applied to relay 39
and makes that relay less sensﬂswe to eperetlen o

45

line which may be impressed on the eperatmg_ o

.winding 42 of the master relay. As long as the -

West subscriber’s speech currents are substantial-

ly continuously received, the relay 371 will be

- maintained substantially continuously in the COn -

ditions described, as a result of the hangover ar-

50

rangement and echoes of his speech currents will

‘be unable to reverse relay 35. Relay 36 will be

continuously operating on successive - strong
The east subscrlber can inter-
rupt and seize control of the switching circuit by
talking loudly encugh to evercome the addltlonal
bias on the master relay. |

When the west subscriber pauses relay 36 wﬂl |
release and its. contact 59 will fall back, opening -

55

60

the energizing circuit for the operating Wlndlng'_ |
21 of relay 371 from ba,ttery 85, and removing

ground from condenser 50 threugh the contact 50
and armature of the relay 38. Relay 317, hewever
will not immediately release but will be main-

tained operated for an. addifional hangeVﬂr inter-

val while the condenser 59 is being again. charged
to the potential of battery 55 through the wind--

ing 57 and the resistance 60. The armature of

relay 37 will be maintained on contact 58, causing
the resmtance 49 shunting the biasing winding

44 of the master relay 35 to be maintained short-

circuited and thus the relay 35 to be maintained
less sensitive to the energy from the path WA fer |

thls addltlonal interval of tlme
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Relay 36 and relay 21 produce two effects: (1)
they provide protection against false operation
of the switching circuit by delayed echoes of the
west subscriber’s speech currents in the path WA,

“which if not suppressed, might cause reversals of
~ relay 35 and result in speech clipping. They act.

to desensitize relay 35 when the stronger parts
of speech are transmitted and the lower sensi-
tivity is maintained for a length of time sufficient

in practically all cases to allow for the return of
The reduced sensitivity

the most delayed echo.
prevents reversal of relay 3% by the echoes if they
return when weak speech sounds are being trans-
mitted or during intersyllabic intervals; and (2)
they provide protection against noise in that by
maintaining relay 35 at reduced sensitivity for
the hangover time interval, they reduce possibili-

ty of false operation by nocise during pauses in

speech. The relays 36 and 37 operate similarly to
prevent reversal by delayed echoes and false op-
ergtion by noise during pauses in speech trans-
mission when the east subscriber has obtained
control of the switching circuit.

- At the end of the hangover interval, the relay
31 releases opening contact 58, removing the short
circuit around the resistance 45 In the circuit
shunting the biasing winding 44 of relay 3% and,
therefore, removing the bias in favor of the west
stibscriber. All the relay circuits are now agam
in the condition indicated in the drawing.

Now, if while the circuits are in this condltloh

sneech currents from the east subscriber are re-

ceived at the repeater over the line LE, and none
of the west subscriber’s speech currents are being
simultaneocusly received over the West line L'W,

the operation will be as follows:

- The east subscriber’s speech waves wﬂl be im-
pressed by hybrid coil transiormer Hs on the path
WA and will be transmitted thereover to the loss
pad 3 therein. The initial portion of the received
speech will be transmitted through the pad and
will be attenuated greatly therein due to the nor-
mal high loss condition of the copper oxide rec~
tifier units C in the rectifier bridge 29. This at-
tenuated part of the west subscriber’s speech
waves will be amplified by amphqer 4 in the oul-

put of the repeating path WA and the amplified

waves will' be impressed by hybrid coil frans-
former i on the west line LW over which they
will be transmitted to the westh sub.,,crlber AS

relay 35 operates very qumkly, only a small por=
tion of the first syllakle will be a,ttenuated by the

loss pad.

- Meanwhile, a portmn of the east ‘subscriber’s
speechh curr ents will be diverted into the control
circuit at the midpoints of loss pad 3, and will

he amplified by amplifier 28 and rectified by rec-
tifier 398 therein. The rectified speech currents

will be supplied to the operating Wmdmg 42 of

relay 35 and the operating winding 43 of relay

26 in series. The more sensitive master relay 35

will operate quickly to shift the armature of the

relay from contact £8 to contact 49, The open-

ing of contact &8 will hregk the circuit of the

-battery 3{ and direct current thereirom will

cease to flow tbreugh the copper-oxide rectifier

units ¢ in bridge {7. These copner-—oxzde rec-

tifying units will thus be changed from the low
impedance to the high impedance condition, -
thus putting 2 high impedance 8cross the pri- .

mary winding {8 of transformer {8 and produc-

ing high impedance paths in parallel to the se-
ries impedance elements 8, 8, 10 and ! of loss
pad 1 through the secondwy windings {8 and
20 of the transformer 16, The serles 1mpedance

2,054,906 '

elements 8.9 I0 and i of the loss pad [, there-

fore, are effectwe to insert loss in the path WA

cient to prevent smgmg or excesswe regen-

suf.

erative effects.

The closing of contact 49 of master relay 39
in the manner which has been previously de-
scribed connects the direct current battery. 32

to the bridge circuit 22 and the polarizing cur-
_rent therefrom flows through the copper-oxide

rectifying units C therein in such direction as

to change them to the low 1mpedance condition.

The series 1mpedance elements 12, i3, 18 and {5
in loss pad 3 are short-circuited by the result-
ing very low impedance paths through the sec-

-ondary windines 24 and 25 of transformer 21,
- causing Ioss pad 3 to be e

‘ectively removed from
the path WA as regards inserting any loss {o the
sienals transmitted thereover. As soon as this

condition is effected, the east subscriber’s speech

currents are _tra,nsrmtted over the path WA with

" little aitenuation and amplified by the amplifler

4 therein. The amplified speech waves are im-
pressed by hybrid coil Hi on the line LW and

_transmltted thereover to the west subscriber.

As stated previously, the bias of relay 36 pro-
vided by biasing winding 51 is such as allows

operation of the relay only by the strong peaks
 of rectified speech applied to its operating wind-

ings. When the rectified speech received from
rectifier 39 is of this nature, relay 36 will operate
to close its contact 58. This in the manner pre-
viously described in the case oi sienal transmis-

sion in the opposite direction, will result in the
operation of relay 3T to close its contact 58
short-cirecuiting the resistance 45 in the circuit

10
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35

shunting the bmsmg winding 44 of the master |

relay.

- The prevmus opemng of contact 48 and the
closing of contact 49 of relay 35 besides causing

the reversal of the loss condition in the two

paths EA and WA, as described, disconnects bat-

tery 31 from the resistance 47 in the circult
- shunting the blasmg winding 44 of the master

relay 35 and connects the battery 32 thereto.
The current from battery 32 flows through the
shuntmg resmtance 47 in the opposite direc-

tion causing the bias applied by the winding 44

to the relay to be also in the reverse direction,

tending to cause the relay armature to be at-

tracted towards contact 49 1nstead of toward
contact 48 as before.
~ Therefore, when resistance 45 'W'h.lCh is in se-

ries with resistances 46 and 47 in the circuit

shunting winding 44 is short-circuited through

~the closed armatfure and contact 58 of relay 31,

the effect is to increase the. amount of bias on

the winding 44 of relay 35 in such direction
as to make the relay less senmtwe to operation
by the speech from the path EA.

A hangover in the operation of the relay 31
for a suitable mterva,l of time after the east
subscriber ceases talking is produced in a man-
ner- similar to that previously described for the
0ppos1te direction of speech transmission.

After cessation in the east subscriber’s 5peech'

transmission, the armature of master relay 3%
will remain on contact 49 until it is shifted- to

contact 48 in response to the west subscriber’s

speech circuits received over the line LW,
During the travel time of the armature of the
rela,y 35 from one contact to the other, no polar-
izing direct current will flow through either loss-
controlling rectifier bridge {1 or 22, and the loss

pads | and 3 are each effective to insert loss in
the path in w_hich connected.
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. tain a better balance..
- Uuration of rectifier units, the clesmg and opening.

~ of the contacts 48 and 49 of relay 35%-in connect-
ing the polarizing direct current source 2f and
32 to the respective bridges and dlseonnectme
them from the bridges will result in the trans- .
~ mission of excessive
~ the voice circuits, ‘which are qulte annoymg A

.. 18
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—As stated above, the values of the adjustable
resmta,nce units 27 and 28 in two of the arms of

“the copper-oxide rectifier. brldge IT and the ad-~
justable resistance units 29 and 30 in two of the
arms of the copper-oxide rectifier bridge 22 are
| adJust_ed to compensate for differences in the re-
- sistance values of the copper-oxide rectifier units
. Cin the several arms of the bridges so as to ob-
It has been- found that -

W:Lthout their use, in spite of the bridge config-

“chck” d1sturbenees over

~large reduction in the magnitude of these clicks

- and in some cases complete. elimination is at-
0 tained by the use of the ad;luste,ble nsmteme'
~ units to improve the balance. - |
 Many changes in the details of the repeater
circuits which have been illustrated and de-
- scribed within the spirit and scope ol the Inven- -
tion will occur to persons skilled in the art. The
is only to be Hmi ted wzthm the sr'epe

of the appended elelm_s o

20
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Invention

- 'What is claimed is: | -
1. In combination, a mgnal tra,nsmmsmn Ime

_fa, loss circult of bridge cenﬁgura,tlon including
~ non-linear resistance elements in the arms there-
of, having one diagonal coupled to said line, 3

source of polarizing voltage, contact means

adapted to be operated to connect said source
- 32 across the other diagonal of the bridge and to
~ . -disconnect it therefrom, and means for preventing
~ the transmission of a disturbing mlpulee due to
operation of said contact means, into said line,
comprising linear resistance means in certain of
said brldge arms for balancing the bridge to make
the dlagonel inciuding said contact means con~-
jugate W1th respect to the dlagenal coupled_ to sald

| - Jine.

2, In combination, a lme fer transmlttmg sxg- '_
nals a control circuit coupled to said line and.

o said line, contact means operatmg to apply a

50
~ said control circuit to provide a different loss
 the transmission of an impulse into said line

8 | frem the operation of said contact means com-
prising a bridge configuration of the elements in

55

polarizing voltage to said rectifier circuit to cause

condition in said line, and means for preventing

said rectifier circuit and a balanemg resistance for

- making the circuit of said contact means con-

~ jugate with respect to the circuit asseela.tmg said

- _rect1ﬁer circuit with said line. |
60 3. In a signal transmission system, a signal
- 'tre,nsmlsswn line, a control circuit connected.
thereto and including a copper oxide rectifying

~ circuit and a source of polarizing voltage there-

85
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is removed

for, said control CII'Clllt causing. a certam loss -
condition in said line when said. source: of voltage -

©_is connected to said rectifying circuit and a dif-

'ferent loss condition in said line when said source
circuit, said

source being normally associated with said recti-
fying circuit so that one of the two loss condi- -
tions is provided in said line, contact means fo
shift said source to prowde the other loss condi- -
“tion in S&ld line, and means for preventmg the
transmission of a disturbing . impulse into: said -
line when smd centect means oper&tes cempnsmg -

from said rectifying

- rectlfymg

. ine

er -circuit SO that
copper oxide rectifying units e

. .

a bridge" coniguratmn ef the elements of said
circuit and a balancing resistance in
one of the arms of the bridge to make the con-
“tact means comugate with. respect to the olrculﬁ
| connectmg said brldge to said line. | -

4, In combination, two opposﬂ:ely directed one-_' |

_'Way circuits for transmitting alternating signals
“in opposite directions between stations, a loss pad
in each circuit comprising one or more series im-
pedance elements of such values as to offer a
“high loss to tra,nsmltted mgnals one or more .
- copper oxide rectifying units connected effec-

10 °

ively in shunt with the 1mpedance elements in

the loss pad in each circuit, and means comprising.
a single relay responsive to initiation of signal

15

transmission in either of said circuits to control

the dlreet current bias on said COpper omde rectl-.

fying units so that those associated w1th the pad N

in the circuit transmitting signals offer a low

‘recistance to the transmitted signals, and those 20 -

associated with the pad in the other circuit offer

| 2 largel resistance to transmission thereover,

5. In a two-way signal wave transmission sys-

tem, two oppositely-directed one-way circuits for

1
Y

transmitting signal waves in opposite directions 23

between stations, one or more loss elements in
each of said circuits, means normally making the

loss elements in one of said circuits substa,ntla,lly -

loss elements in said other circuit e

‘ective to introduce loss in that cireuit and the N
ective to

introduce loss therein, a single mechameal relay

responsive to initiation of signal wave transmis-
sion in either circuit to make or maintain the loss.

elements ineffective therein and to make or main- -

fain the loss elements in the other circuit effective,

e
wl

 and means responsive to signal wave transmission

in the circuit in which first initiated to reduce

- the sensitivity of said relay as regards operation
- by waves in the other path with respect to the
- sensitivity of the relay as reeerds opera,twn by

waves in the first circuit.

40

6. In combination, TWO oppemtely—dwected one- _"

way c1rcu1ts_ for transmitting alternating current
“signals in opposite directions between stations, a
loss pad in each circuit comprising one or more

including a copper oxide rectifier circuit, means series impedance elements of such values as to

 normally polarizing said rectif
said control circuit provides one loss condition in -

offer substantial loss in said line and one or more

for reducing the sensitivity of said relay to opera-

~ tion by waves in said other circuit with respect
~ to the sensitivity of the relay as regards opera,mon

by waves in the first eircuit.

45

‘ectively in shunt
- with the impedance elements in the loss pad in
each circuit and effectively in series relatlon with
- the circuit, a mechanical relay responsive to initia-
tion of signal transmission in either one-way cir- |
cuit to control the direct current bias on the
 copper oxide rectifying units in the loss pads in
both circuits so that the pad in the circuit trans- |
mitting signals offers a low loss to the trans-
mitted signals and the pad in the other circuit
offers a high loss therein, and means responsive
- to the signals in the circuit in which first initiated

60

7. In a two-way telephone transmission sys- =

“tem, two two-way lines, ‘a four wire repeater
therebetween comprising two oppositely directed
‘one-way two-wire circuits for repeating the
speech signals in opposite dlrectmns between said.
lines, and means for directionally controlling sig-
nal tre,nsmlssmn between said lines through said

~ repeater comprising a loss pad in each one-way
- circuit, consisting of one or more impedance ele- -

m one or. more copper-omde rectlfylng umts

65
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 ments in series with the circuit and of said values'
as to offer a substantial transmission loss there-

75 .
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15

6

thus effectively removing the pad from the circuit,

and the rectifying units associated with the pad

1n the other circuit being normally biased to offer

a very high impedance to the signals so that

the pad is effective to insert loss therein, a me-

chanical relay responsive to the initiation of signal
transmission in said one circuit to maintain the
normal bias on the rectifying units associated
with both pads, and responsive to initiation of

signal transmission in the other circuit in the

absence of prior signal transmission in said one

2, 054 906

effectively in shunt with the series impedance ele~
ments in each pad and effectively in series with
the circuit in which the pad is connected, the
rectifying units associated with the pad In one |
of said circuits being normally biased so as to
offer a very low impedance to the signals and

circuit to reverse the blas on the rectlfymg units

associated with the two pads, means for biasing
said relay so that it tends to remain in the oper-
ated condition 1n1t1a,ted by signals in the circuit

in which signal transmission last took place,

means responsive to the peaks of speech signals
only in either repeater circuit after said relay
has been operated in response to signal trans-
mission in one circuit to reduce the sensitivity of

'said relay to operation by subsequent signals in

the other repeating cn'cmt with respect to its
sensitivity to operation by mgnals in the first cir-
cuit, and means for maintaining the relay at said
reduced sensitivity for a desired interval of time

10

after cessation in the supply of. controlling signal 15

‘energy to saad relay from said first circuit.

BENJAMIN F. LEWIS
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