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To all whom it may concern.: ,

Be it known that I, Roy D. Conwax, a
citizen of the United States, residing at
Chatham; in the county of Morris, State of
Néw Jersey, have invented certain new and
-useful - Improvements in Electric Regula-
tors, of which the following is a full, clear

- concise, and exact descnptlon
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Thls invention relates to ‘arrangements
for regulating an electrical characteristic of

ha c1rcult such as the intensity of current

flowing therethr01wh One of the objects
of the invention is to provide a method and

" means’ for i insuring a constant flow of cur-

rent over a circuit. Anothex object consists
'in providing means for automatically in-
creasing the resistance in a circuit whenever
the current flow: therethrough has a tend-
ency to increase and also means for auto-
matically reducing the resistance in said
civeuit as the current flow tends to decrease.
(Other objects of this invention will appear
in the detailed description to he given later.

Tt has often been found desitable to asso-
ciate with a work circuit including trans-
lating devices such, for example, as a circuit
mcludm« the filaments of vacunm tube re-
peaters, an arvrangement for regulating the
current flow therethxou"h This is because
the voltase of the source which supplies the
electric current for the. circuit may have a
tendency to vary beyond the limits within
whicl at1smct01y operation of the appa-
ratus will result. As it has been found that
2 vacuum tube repeater will give better serv-
ice i the current flow in its flament heat-
ing circuit remains constant, the 1eoulatin<r
apparatus comprising this invention ha
heen provided.

The preferred form of this' invention
comprises a volimeter relay sensitive to
slieht variations in voltage, the winding of
whicli is connected to the somce which sup-
plies current for the work cireuit. An in-
erease in the voltage of this source will

Ccause g circuit to be closed over the needle

and one of the contacts of the voltmeter,
thereby operating resistance-varving mech-
anicm to add 2 certaln amount of resist-
nee to the work circuit, and to the /cireuit
1duddm the winding of the voltmeter.
The resistance var ving “mechanism will con-

Serial No. 242,559,

tinue to operate and will add further re-
sistance to the circuit including the, volt-
meter winding and the work' cu'cult until
the increase in current flow has. been coun-
terbalanced and the voltmeter nesdle returns
to neutral position. If the current flow
from the source decreases, a circuit is closed
over the needle and another contact in the
voltmeter which serves to operate the re-

_sistance-varying mechanism to reduce the

resistance in the voltmeter circuit and the

work circuit in proportion to the, .decrease
65

in voltage. .
In the preferred fortn’ thls resmtance

varying mechanism comprises a two-way
motion step-by-step switch under the con-

trol of the contacts of the voltmeter. This
<tep by-step switch serves to vary the
amount of resistance in the work circuit
and at the same time causes a proportional
change in the resistance of the voltmeter
circuit. In case there are a plurality of
work circuits to be regulated this invention
contemplates cmploymo a step - by -step
switch for each work cireuit, all the
switches' normally being .Ldapted to be
placed: under the control of but one volt-
meter. The counections are such that the
voltmeter may he made responsive  to
changes in only one of the work circuits to
control a plurality of the work circuits.
(onnectmns are also provided for placing
under the control of the voltmeter only one
of the work circuits so that each circuit may
be given its initial adjustment automati-
cally without interfering with the adjust-
ment of the other associated work circuits.

This invention will be better understood
by reference to the following detailed de-
seription taken in ‘connection with the ac-
companying drawing which represents the
preferred form of the circuit arrangements
of this invention.

Connected to a battery 2, is a voltmeter
relay 3. which has a needle 4 located be-
tween two stationary contacts 5 and 6. Since
these contacts are.extremely delicate and
easily burnt out, needle 4 is connected to an
intermediate point of a circuit containing
the high resistances 7 and 8 and source of
voltage 2, so that only 8 fraction of the
total Douontml of battery 2 may be applied
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to the voltmeter needle in the case where the
total potential of battery 2 would be injuri-
ous to the contacts 1f applied directly. Un-
der the .control of voltmeter'needle 4. and
5 contact 6is a’ relay 10, which, in- turn,
through its movable contact 11, conductors

12, 13 -and 14-control the” magnet 15 of‘the’
Magnet 15

Qwo sway: motion’switch .
serves to operate the steppm«r pawl 18 to

10 step around the ratchet wheel 19, thereby
se1vm<r to rotate contact arm,20 in a coun-
clockw1se direction “over the’ res1stance

‘71 'Vauable reSIStance 21 is included in a

_15'V‘101mm tube repeaters by the following

(m

USwitch' 16, contact. arm 20, resistance
retard” 0011 26, ‘conductor 2" " jack 28,

_The ‘operatlon of , the® stepping

25 and “contiet '

“"its, movable contact 34, conduct01s 35,
CHAY I3’7 controls ‘the.operatlon of maonet 39

"“of "T6tary, | sWItc

‘ _30 spnno- imember 24 to turn’ contact arm 20 in

“a clockwige direction theleby increasing the

amountL bt resistance 21 “which is included
n''the heating circuit for cathodes 23.

The wmdlnfr 43, of Voltmeeer 3 is adapt-

35 ed to “be conneeted in .$eries with resist-

“ance 21 and cathodes 23 by the insertion of a
‘phig 44"in’ “jack 28. 'With such an insertion
“the connectmn is as.follows: from’ ground,

. contact arm 20, Tesistance 21, conductom 97
40 and 45 yol@aeter Wmeo 40 “conductors 46
© " and 29, cathodes 23 to battely and ground.
‘ The OPGIatIO'l of the circuit almhoement
‘may now be explained as follows. Axssnmuw
“that plug 44, 1s in jack ‘28, voltmeter 3 is
45 responsive to current ﬁowmfr in clreuit con-

talmncr cmthodes 23. As lonOr as the current
“in thxs heat ng circuit is equal to the desired
_ .onstant va lue for the hea’amT current, volt-
meter rieedlé 4 remains in neutral posﬂmn

50 Assoon, however, as the value of the heating

©C o cvrrént, h‘ls ‘chan oed due. for example. to a
“change in the voltage of source 2, voltmeter
“peedle 4 will be cleﬂected either to the right
or to the left so as to control 1'0tal v switch
55 16 to vary the effective value of resistance

21 wntil the heating current has been changed

back to its ouomal value. Thus, if the vol-

tage of source 2 9 were to increase, due to the

ch‘ugmg of the battery. for e:\ample, volt-
.60 meter needle 4 would be deflected to the
s Relay 33 would then be energized due
to the closi‘ng of the following circuit™ from
sy wnﬂ battery 2,
19"1\
eround.

TIPS N
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The closing of this circuit will en-
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hédes 28 of a- plurality of

th from ¢ ground coﬂed spring 24 of 1o-,

'by maonet 15 there{ore serves to.

' it .. :path.. p*evmusly traced, remove battelyl
. from magnet 39 before interrupter 51 has
4 rotated. a su‘ﬁment distance to ground again

I8 rél‘IV 33 \Vhlch thlouoh "contact. 50, In. order that thls may, be ac-

conductor 48, winding of.
contacts 5, needle 4, conductor 49 to .

ergize relay 33 thereby causing its movable
contact 34 to be pulled up to ‘lose the fol-
lowing circuit: from ground, battery 2, con-

:ductor 48, movable contact 34: condueums 35,
36-and 37 -winding of maO’net 39, contact 50

of motor driven 1nte11upter 51 to ground.
After -this-eircuit -has been closed and the

“motor driven interrupter 51 -has-moved to a
. position giving contact 50 a conductive con-
“néction to frround, magnet 39 will be op-

erated to release the escapement pawl 40 to
cause contact arm-20 to move clockwise so
as to increase the amount of resistance in the
heating cneult If the increase in the effec-
tive value of resistance 21, due toa single re-

lease of escapement. pawl 40 1s Suﬁi(:lent to
.counter-balance the increase in- current in-the

f'heatmw circuit, due to change in voltage of
b_mlgpt r ‘29, ‘cathodes 23 to battery and

battery 2, voltmeter needle 4 will return to
neutral posmon thereby deenergizing relay
33. Tlie deenergization of: 1elay 33 w111 by

omphshed the. period. of rotation of inter-

.rupter. 5L should be so timed that needle 4
6. Magnet 39 “serves to
' Operate the escapement pawl 40 to allow the,

and relay. 83.will have had time to. operate
before the second -conductive connection to
ground occurs for contact 50. In general,
it may be said that the circuit alranoemen*
will operate. samsf‘wtorlly if interr upte1 51
serves to make and break the circuit from 4
to 16 times per second.

If, however, the increase in resistance 21
15 not %ufﬂment to counter balance the in-
c1e<1qe in voltage of source 2

will remain doﬁected to the right, thereby
leepmﬂ energized relay 33 and nmmtamm(r
the battery connection for magnet 39. As

"soon as interrupter 51 has rotated to give
contact 50 a second ground connection, mag-

net 39 will be operated and escapment pawl

40 will be released to allow a second shift in.

a clockwise direction of contact arm 20. I7
the amount of resistance added by the second

, volunteer needle.
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shift of contact arm 20 is suflicient to restore

the heating current to its original -desived

value, voltmeter needle 4 will return to neu-
tral position, thereby deenergizing relay 33
and removing battery from magnet 29 be-
fore suflicient time has elapsed for inter-
rupter 51 to give a third grownded connec-
tion for contact 50. If the amount of resist-
tance added by the second shift is not suffi-
cient to restore the original value of the cur-
rent, voitmeter neadle 4 will remain deflected
to the right thereby keeping energized 1‘@LLV
33 and maintaining the battery connectiol
for magnet 39. Tt follows, therefore, that
magnet 39 will continwe to increase the
amonnt of resistance in the voltmeter cirenit
and work cireuit until the original value of
the heating current has been regained.

If now, we assume that the current in the
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heating 'cireuit for cathodes 23:should de-
crease;, below the desired .constant value,
needle 4 of the voltmeter will be deﬁected

‘to the left and. relay 10 will be energized

due to the closing of the following o1rcu1t

.From ground, battery 2, conductor 03 wind-
;ing of relay 10, conductor 54, contact 6,
i needle 4, conductor 49 to ground The ener-
r.glzatmn of relay 10 -will pull up its mov-
- 10¢
-cuit.

-able contact 11 and close the following cir-
From ;ground, battery 2, conductor
53, movable contact 11, conductors 12, 13

“and 14, winding of. maO'net 15, contact 50

tluough interrupter 51 to O'round As soon

:as interrupter: 51 has given contact 50 a
- connection. to: ground magnet 15 will oper-
“ate to cause:stepping- pawl 18 to shift con-
.tact-arm 20 a certain distance in a counter-
" clockwise: direction, thereby. decreasing. the
‘amount of resistance in the circuit with the
. voltmeter winding 48 and cathodes 23. If
- this.;decrease in. res1stance -is sufficient to

-counter-halance the decrease in voltage of

-battery :2,.and is sufficient to. restore the .
original: value -of the filament heating cur-.

.xrent; voltmeter rieedle 4 will return: to neu-
tral posmon, ;thereby ‘deenergizing relay 10
“before ;sufficient-time has elapsed for mag-

530

net 15 to be opérated-a second time. How-

-ever;: if " the 'decrease .in resistance is not
-sufficient 'to counter-balance the decrease in
‘.current; voltmeter needle 4 will remain de-
flected to the: left, thereby keeping relay 10

--energized. *-In thls condition, magnet 15

35

v 40

will: be operated a second time as soon as

contact 50 has been given a conductive con-
nection to ground through interrupter 51,
thereby operating: steppln pawl 18 to cause
a- sécond: decrease in the amount of resist-
ance 21 included in the voltmeter circuit
and in the work circuit.  If this second de-

‘crease is: sufficient to counter-balance the

* «lecrease in current, needle 4 will return to

. of magnet 15.

neutral. position, thereby deenergizing re-
lay 10 and preventing the third opelatlon
However, if the second de-
crease in resistance is not. sufficient, it fol-
lows that voltmeter needle 4 will remain de--

‘flected to the left until magnet 15 has oper-

ated a sufficient number of times to securs
the proper decrease in the amount of re-
sistance 21. :

Tt therefore follows that voltmeter 3,

" through the intermediary of relays 10 and.

ot
wt

33 serves to control rotfuy switch 16 so as
to maintain substantially constant the cur-

‘rent flow in work circuit 29. By connec-

* ‘tions similar to those already described the

- 60

voltmeter 3 may be made to control a plu-
rality of rotary switches 16 each of which
in turn controls the amount of resistance in
an individual work circuit. As shown in
drawing, conductors 13 and 36 leading from
the 1ehvs 10 and 38 are also connected to
conductors 60 and 61 which lead to a ro-
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tary switch 63. This rotary switch 63 may
control in turn the amount of resistance in
the circuit containing the filaments of vac-
uum tube repeaters ¢4. Conductors 65 and
66 are also electrically connected to the
main conductors 13 and 36 so that the ro-
tary switch 67 in vesponse to voltmeter 3
may control the amount of resistance in the
work circuit containing the filaments of
vacuum tube 1bpe°~te's 69. In a similar
manner there may be connected to the main
line conductors 13 and 36, any desired num-
ber of leads to other rotary switches which
may be employed to vary the amount of re-

sistance in \voL]\ circuits in response to the,

energization of relays 10 and 33.. With
pluO' 44 in ]ack 98 it therefore follows that
the -amount of resistance in. work circuits
29, 70 and 71 will be varied in response to

chanves in the current ﬁowmrr in work ¢ir-,
cult 29 This arrangement of having the-

characteristic of a plurahty of WOlL ‘¢ir-
cuits change in response to.a condltlon in
one of the work" c1rcu1ts will work most

satisfactorily - when the Work circuits .are

similar so that a change in the.current of

one will be accompamed by a corresponding

change in each of the: others. ..if desired,
plug 44 may be inserted in either jaeck 72

or jack 73 so as to make voltmeter 3 respon-.

sive to the current in either work . circuit
70 or 71.

It may i'lequently be found desnable to
cause voltmeter 3 to ‘Ldmst the resistance
in only one of the work circuits at one time.
Thus 1f, for example, one or more new vac-
wum tubes have been placed in the work cir-
cuit 29, it will Oenonlly be necessary to re-
adjust the amount of resistance originally
included in the circuit to give the.desired
value of heating current for the filaments.
In accordance with this invention this indi-
vidual readjustment of the amount of re-
sistance in any one of the work circuits
may be accomplished by moving switch 74
to its second position so as to connect con-
ductors 12 and 85 with conductors 75 and
76. If now the plug 77 is inserted in jack
78, relays 10 and 33 will be connected
through conductors 75, 76 and 37 and 14
to the controlling magnets of rotary switch
16. but the conductors for rotar ry gwitches
63 and 67 will be removed from the control

of relays 10 and 33 so that these two relays

will actuate only rotary switch 16. If now
plug 44 is inserted in jack 28, voltmeter 3
will be responsive to the current in work
circuit 29 and will, through plug 77 and
jack 78, cause votary sw itch 16 to make any

necessary change in the value of the re-.

sistance included in the work circuit in or-
del to secure the desired value of the heat-
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ing current for the cathodes of the vacuum .

tube repeaters. Similarly if it is desived
to secure the individual adjustment of work
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circuit 70, “plug 44 shounld- be ‘inserted in.-connectibns “whereliy:said! solenoid -controls
jack 72, and plug 77 should be inserted-in . said’ résistanees leither: collectively: or:indi-
jack 79. “With such'a connection’ only -the ! viduallyat will. sooomrioy ods w2 oo
rotary switch 63 will be controlled by wolt- | +x7.iThe ‘method ‘of regulating sasiplurakity
meter 3. - o T -~ ofitworkicireuits “wherein vavé: employed: a- 70
Some of the broader aspects of -this in- - ‘variable resistance individual to:each of said
vention ‘are disclosed and claiméd-in 'my -‘work!circuits, and aisolendid responsive to.a
copending application 'Serial No. 813,083, ‘condition dfione ofisaid: work:circhits said
filed: July 24,-1919,:0n “electric regulators”. - method comprising controlling at: times:said
It is to: be understood - that ‘this inven- -resistancesoindividudlly:in response toithe:.75

described above ‘but ‘it ‘may be variously ‘‘times controlling saidl resistances.collectively -
ion:iof said sole-

from the spirit of this invention as'defined ‘moid::. .uiuim: i 18wt vl
in the appended claims.: 2w w8, Thermethod jof-regilating; a. plurality: 80
‘What is claimed isi - - “+ i o ofiworle circuits;wheréin are; employed. a: va-

1. In combination, a plurality’ of similar -riableiresistiticévindizidual: toweach of said
work cireuits,” a gource”of voltage for said workoeircuits;and-asolerioid responsive to.a
work circuits, a variable resistance’ for each + conditioniiofi onelof aidiworkibireuits;said
of said work circuits-and ‘a solenoid respon- - method comprising:contvelling:at)times the: 85
sive to a ‘condition of only one of -saidicir- : enexrgizationiof said solenoid:successively in
cuits for controlling'the amount ‘of-said ‘re- 'responséito the current:in eschyefsa plurality
sistance in each of said work circuits: '~ Fof'saidwork circuits ‘andi¢ontrolling said re-

-9. In combitiation; a plarality of work ecir- s&istances successively in response to the ener-
cuits, ‘4 source of voltagefor said workieir- -gizationtof ssidisdleneid dnd:ab: otheritimes 90

“cuits,a-variableirésistarics individual toench -icontroliingssaidl solendidoin iresponse to.:one
* of siid wotk eircuits, wgolenoid; and means ot/ said awork: icireuits; anddeontrolling i said
“for eausing s4id solenoid’ to be résponsive/to -aresistancegic lectivélydniresponsestosthe -en-

" aicondition- of any one: ‘of-said-icircuits - ergizationiofisard solemoidyyu i

40
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‘whereby said:solenoid controls theé amount of »
~.resistance ‘in eachiof said work eircuits., « -~

1 921 In combination, 4 plurdlityiof work-cir- 95
i :teuitsy asourte of ivoltageifor said swork -cir-

3. In combination, a plurality of svork ¢dir- - éuits;avariablé resistanceifor!each rof said
cuits, a source of voltage for said. woérk cir-'!work-circtits;4 solenoid. Adapted do be con-
cuits, a variable resistance individual to'said © nected i series:vith anylone oi.satd:resist-
work cireuits, 4 -solenoid responsive to the-:ances:and -said source ofivoltage, whereby.200
condition of one of said circuits; and switch- - saidrsolenoid is: made:responsivel to the: cur-

‘ing means and ‘connections whereby tsaid . fent:inithe workucircdit ‘containing said last

solenoid controls the amount of resistance in--mentionéd: resistance;»and:switching means
any one of aplurality of said circuits to the- ‘and- connections whereby-said ‘solénoid: con-
exclusion of others. © " - . ‘trols theiamount ofiresistance in'any one of: 105

4. Tn combination, a plurality of work cir--+a plurality ofisaidicirenits. -« - 70 © .
cuits, a source of voltage for said work cir-+ : 10::In¢ombination, a:plurality. of work
cuits, a variable impedance for each of said - circuits, i soureé: of:.voltage:for said work
work circuits, a solenoid, means for causing circuits;: variable .resistances: individual - to
said solenoid to be responsive to a condition: said circuits;' a:solenoid: responsive: to. the :110
of any one of a plurality of said work cir- - current of.oné: of said: circuitsy :switching
cuits and switching means whereby said sole-- means and ¢onnections whereby:said solenoid
noid controls individually the impedance in-~controls-the amount.ef resistance in any one
each of said work circuits. = - -.of a-plurdlity: ofisalid ;circuits to-the exclu-

5. In combination. a plurality of work cir- sion of: anotherand méang for .continuously 115
cuits. a source of voltage for said work cir- -interrupting said: connections.
enits, 2 variabie resistance for each of said  11. In combination, a plurality of - work
work cireuits, a solenoid, means for causing.circuits;ia- source :of: voltage : for. said. cir-
said solenoid to be responsive to a condition: cuits, variablé resistaness individual to said
of any one of a plurality of said cireuits to :cireuits, a’ solenoid. responsive to - the cur- 120
the exclusion of others and switching means -rent:0f one of said «circuits: to the .exclusion
whereby said solenoid controls collectively - of :another, switching meanssand connections
the resistances in each of said work cireuits. ~wlieréby. said | solenoid .dontrols:icollectively

6. In combination, a plurality of work cir--: said: resistances in each:of said swork cireuits
cuits, & source of voltage for said:circuits, a: and means for continuously-interrupting said 125
variable resistance individual to said cir- ‘conmectionsi.: i siy wr'r slons o R
cuite, a solenoid. means for cavsing saidrsole- - 12..In combination,'a plurality of work
noid to be responsive to the current if any -circuits, a voltmeter. relay, connections for
one of a plurality of said circuits to the ex- placing said voltmeter iinder the control of
clusion of ‘others and’ swiiching: means and- any one of a.plurality of said:circuits, a .30
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source of voltage for said circuits, variable
resistances individual to said circuits, a
solenoid responsive to said voltmeter for in-
creasing the value of said resistances when
the current in omne of said work circuits
tends to increasc and a second solenoid re-
sponsive to said voltmeter for decreasing the
value of said resistances when the current in
one of said work circuits tends to decrease.

13. In combination, a plurality of work
circuits, a source of voltage for said cir-
cuits,-variable resistances individual to said
circuits, a voltmeter, connections for placing
said voltmeter in series with the resistance
and said source in any one of a plurality of

said circuits, a solenoid responsive to said
voltmetel for an increase in the current of
one of said circuits, a solenoid responsive
to said voltmeter for a decrease in the cur-
rent in one of said circuits, circuit connec-
tions under the control of said first solenoid
for increasing the value of said resistances,
circuit connections under the control of said
second solenoid for decreasing the value of
said resistances and means for continu-
ously interrupting said connections.

14. In combination, & plurality of work
circuits, a source of voltage for said work
circuits, variable resistances individual to
said circuits, a voltmeter, connections for
placing said voltmeter under the control of
any one of a plurality of said work circuits
to the exclusion of another, a solenoid re-
sponsive to said voltmeter for an increase in
the current of one of said circuits, a second
solenoid responsive to said voltmeter for a
decrease in current in one of said circuits,
magnetic means for varying each of said
resmtances energizing circuits for said mag-
netic means, svntchmv means for placing
one of said energizing circuits under the
control of said solenoids to the exclusion of
another of said energizing circuits and

AVAILABLE COP

a.

means for continuously interrupting said
energizing circuits.

15, In combm‘xtlon, a plurality of similar
work cireunits, current supplylng means
therefor; a regulating element for cach of
sald cxrcults and a control element respon-
sive to a condition of only one of said cir-
cuits for controlling the regulating ele-
ments.

16. In combination, a plurahty (u work
01rcu1ts, current supplymfr means for said
circuits, a regulating element for each of
said cn‘cults, a control element responsive
to the condition of one of said circuits, and
switching means and connections whereby
said control element controls the regulating
element in any one of a plurality of said
circuits.

17. In combination, a plurality
circuits, current supplying means therefor,
a regulating element for each of said cir-
cuits, a control element, means for causing
said control element to be responsive to a
condition of any one of a plurality of said
circuits, and switching means whereby said
control element controls individually the reg-
ulating element in each of said work cir-
cuits. _

18. In combination, a plurality of work
cireuits, a source of voltage for said work
circuits, a regulating element for each of
said work circuits, a control element, means
for causing said control element to be respon-
sive to a condition of any one of a pluarality
of said circuits to the exclusion of others,
and switching means whereby said control
element controls collectively the regulating
elements 1n said circuits.

In witness whereof, I hereunto subsecribe
my name this 5th day of December, A. D,
1919.
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