.~ ¢. D. LINDRIDGE.
| TELEPHONB REPEATER
APPLIGATIOH I'ILED I‘EB 10, 1909

979,012, R - . Patented Dec. 20,1910,

Wanesses: . . ]zwemc)r
Dim i et lnl . CizasﬂLmdrzdye




10

T

979,012,

Lo a:ZZ whom 0} mwy ooncem

f

. UN ITED bTATEb PATEN T OFFICE

CHARLES D LINDRIDG-E

OF PROVIDENCE

RHODE ISLAN D

TELEPHONE-EEPEATER

Ll — g

, o | Spec1ﬁcat1on of I.etters Patent
Apph.oatlon ﬂled Februa.ry 10, 1909

)

Patented Dec. 20 1910
Ser1al No 477 091

Be it known that I, CHARLEE D Lrnn-
RIDGE, a subject of the ng of England, and
a Tesident of Providence, county of Provr-

dence, and State of Rhode Island, have in--

vented a new and useful Improvement i |
Telephone—Repeeters, of wlnch the follonra-'-'.

Ing 1S & speclfication. -
My invention relates to systems for the

reinforcement of telephone currents wherein
~means are provided for adding energy to |
transmission currents without sub]eotmg._.
- them to the distorting mﬂuenoe of mechani- |

cal inertia and momentum.
It particularly relates to relnfommg sys*

~tems ™ which negative resistances are made

~ consists of .an improvement in telephone re-

use- of at the reinforcing station, and it

~ inforcing apparatus whereby -greater facili-

20

ties are provided for the appllcetlon of the
- principle mnvolved, by increasing the sensi-

tiveness, unlformlty and reliability of .the

negative resistance, as hereinafter descrlbed '.

Such systems for the reinforcement of tele-
phone currents rely to a considerable extent

for their successful operation upon their ad:"

. justment. Hitherto, in the systems to which

30

35

40

‘ment.

this invention partloularly relates, * viz.,
those which make use of break-down resist-
ances, or-mediums which present a:decreas-
ing resistance to-a .current of increasing

E. M. F., it has been necessary to rely for

sat1sfaotory results upon random. adjust:
That is to say, it has been necessary
that the parts of the combinations made use
of in these systems bé subjected to various

‘unknown relationships until an acceptable

one can be found. Consnlerable difficulty is

.presenttd Mld uncertamty exPemeneed by
thls means. - ._
. My invention consists of an 1mprovement

- in-these systems wherein the essential parts
of the ‘combination are subjected to and

45

maintained in a definite and predetermlned

relationship, thereby making the applica-
tion of the system less difficult and provid-
ing means by which a high degree of trans-
mission remforcement may be Iendered per-
‘manent. :
- A source of dlreot onrrent n combmahon‘.
. with an induction coil and a conducting me-

. dium having the characteristic of present-
1ng a_decreasing resistance to a current of

"’11101ea51no- E. M. F. is shown in. Fi lgure% 1|
85 and 9 of the drawings which accompany | ner.

1 and form a part .of tl’llS specrﬁoa,tmn The
combination shown in these drawings and
“described hereinafter is. given as an example
1 of those to which my 1mrentlon may be
applied.

The term “ telephone repe&tel usetl here—

I, 18 1ntended to describe: the- ‘apparatus. . -
- which 1s -used- to .increase the power of the
‘volce currents. .
‘tive .of whether the. telephone currents are 65

This term is used irréspec-

renewed,.or renewed and relnforoed, or rein-’
forced: only - N
“In‘the drawmgs A and B represent sub

: sombers etatlons, and G represents the re-
.mforomg station.” e

Referring:to Fig. 1 the. opemtlon 1S a8 fol-- |

lows: The ‘currents received at the induc-

tion COll T from the station at A cause fluctu-
ations in the current in the circuit D E J I,

which cause the potential across the conduet- ¥

|'ing medium E to be varied. The '
- across . the medium " is. increase
-creased, .according to .whether the induced

yotential -

E. M. Fs oppose or reinforce the E. M. F.

of the battery D: When a current is in-
duced. in the winding I of the induction
coil Fin the:same- direction as the current
passing through the circuit D E J I; the

| potentialiacress E is increased. As the re-
' sistance of the circuit D E J I is thereby 8

reduced,-due -to the resistance-varying ac-

tion at E a current is induced in the wmd--

ing K of the induction coil G- which is
partly directly due to induction from A and

‘partly caused by a change in the negative 9

resistance of the circuit DEJ 1. The re-
sistance of the circuit D E J I is changed
in the same way when ourrents are trans-

‘,mltted from B to A.

Before considering the character of nega- 95

tive resiscance, eons:l,demtlon may be.given
_to resistance which is not negative in char-
“acter, but which, similar to ‘the negative re-

smtanee 1n telephone repeaters, 1s subject to

‘variations in resistance corresponding to 100

sound waves. The resistance of a telephone

transmitter when the transmitter is spoken
into, varies in a similar manner to that in

Wh1oh ‘negative resistance varies when a
varying current 1s passed through it.
resistance of telephone transmitters and the

negative resistance in telephone repeaters, =
-are also similar in the respect that they have

both hitherto been ad]usted in the same man-

or de-

.The 105
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~When a telephone transmlttel falls out of | that all asymmetrlcel eonductors have the

ad]ustment from any cause, 1t 1s the plac*
tice in re-adjusting it, to tmnsmlt or to

attempt to transmit speeeh throucrh 1t be-

fore altering its resistance, so thet an idea.

“may be obtained of the e*-:tent to which its

resistance must be varied, in order to put it
into proper working order. Its resistance
is then varied, and a  second attempt 1s made
to transmit speech through 1t. If, when 1its
resistance 1s 1ncreased the transmission is
made worse, its resistance 1s decreased, and
made less and less, until any further de-
crease in resistance is found not to improve,
but to impair transmission. Its resistance
18 then left unchanged and the trensmlttel
is In working order.

When telephone repeaters wherein nega.-

“tive resistance 1s used have hitherto been

constructed, 1t has been the practice of those
skilled in the art to make such adjustment
in like manner. The- negative resistance
has been subjected to variations in adjust-
ment while telephone currents have been
transmitted through the repeater.
sult of these variations has been noted and

used as a guide as to what further adjust-
ment should be made. This method ef a.d-

justment is satisfactory for all telephone |

apparatus which requires adjustment; ex-

~ cept mnegative resistance 1n telephone Te-
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thermo-electric action or polarization.

peaters. The fact that this method of ad-
justment is not the most suitable for nega-
tive resistance in telephone repeaters has
hitherto laid hidden from vision, and it is
upon this fact that this invention 1s based.

The. fact that the conductance of negative

resistance vari.s when a current passing
through it varies, 1s known; but 1t has not
been realized that because of this character
telephone repeaters wherein negative resist-
ance’ 1s used, should be constructed in such
manner tlnt the adjustment of the negative
resistance 1s made m a different manner to
that in which the adjustment of other tele-
phone apparatus is made. The reason why
they should be constructed in this manner,
may be more readily perceived, after con-
sidering the manner in which they are con-
structed when use is made of this invention.
The nature of the conducting medium made
use of 1n these systems, which may be made
to present a varying resistance to a battery
and the transmission currents, may be such
as to be dependent for.its Opera,tlon upon

A

polarized conductor, to have the required

~ characteristic, must "of course be subjected

60
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to an E. M. F. sufficiently great to break
down its effective resistance. DBesides these
there are other groups of conductors which
may be used. For example, those consisting

‘essentially of electrodes dlﬁ'ermg either 1n

size, form, material or in the nature or den-
sity of surreundmg gas.

-

The re-

' bear upon the silicon.

“characteristic of presenting & decreasing re-
sistance to a current of increasing E. M. F.

Mediums of the character which depend
for their opeération upcen either thermo-elec-
tric action or polarization are dealt with in

the Bullctin of the Umited States Burcaw of
Standards, No. 2, Vol. 2, in the article, “ On

the Platinum Pomt Electr oyltic Detector for
Klectrical Waves,” by L. W. Austen. In
scme subsequent investigations made by M.
Austen upon the silicon detector, tests were

{
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made which show this medium to be of the -

required character for use to be made there-
of - these systems. These investigations
are described 1n a letter written to the edi-

I tors of the “ Klectrical World” and pub-
lished at New York in that publication, Vol.

51, No. 3, dated January 18, 1908. This type

‘of medium is readily endowed with the re-

quired degree of sensitiveness, but it would
appear that mediums dependent for their
operation entirely upon thermo-electric ac-

80
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tion or polarization are in some respects bet- -

ter suited for use in' these systems. A
method of constructing. the silicon detector
will however be deecrlbed as the results ob-
tained from its use have been satisfactory.

‘T'he silicon in granulated form may be
iore- eastly handled when - embedded in
solder. A convenient method of holding it
15 by means of -a tool-makers’ pin vise, a
drop of heated solder and flux being allewed
to fall into a tray of granulated 5111001:1 ‘and
the mass so formed held in the teeth of the
Vise.
tally in some form of metal mounting to
which a binding post 1s attached.

A micrometer head of the type constructed

for use in calipers, measuring to one-thou-

sandth of an inch, may be supported In a
similar metal mounting on an isulated base

in such a position that the steel measuring

surtace of the spindle may be brought to
_ By being provided
with a number of pellets of silicon formed as

The vise may be supported horizon-
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above, the point of contact may be readily

ch mged A number of such sets however,
considerably in excess of the number in-
tended for use at one time, should be pro-

vided and subjected to constant adjustment,

in order that those most suitable for use may
be selected.
Tt will be observed that a number of con-

tacts may be grouped together to produce a

oreater variation of resistance than may be
produced by a single contact. If it is desu'ed
that the resistance of the
as the resistance of a eincrle contact, 1t 1s
necessary to use four COI]t‘lCtS._, two etrlno'e
each Wlth two contacts 1n series,

group be the same

1n or de1 '
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that the amount of resistance vamatlon may

be approximately doubled. If it is desired
to again approximately double this amount

It would appear ! of resistance variation, it is necessary to use

130



. contacts in séries. -Owing to-the rapidly in- |
creasing number of contacts required- for |

sixteen eontaets fonr Strmgs eaeh mth famf

higher degrees of resistance variation, it’
would not appear ‘desirable that more than
four strings of contacts be used. The num- -
ber of contacts. in. each string may however

~ with advantage be higher than four, provid--

15

20

Ing a higher nermal resmtance of the greup,.?
may be allowed.

’141 '*“ r:-;?‘

~of the character described herein have-been::
‘put to commercial use, the foregoing descrip=|
tion has been considered necessary to enable:{
one skilled in the art to construct a-combi--
‘nation of the type to which  this. inyention. |
may be applied. The improvement effected |

in these systems by use of this invention con-
sists of ‘adjusting’ prehmmanly to-a prede-
termined degree the E. M. F. of the local
source of current and the resistance of the
local  cireuit, so that the- fluctuations in’

~potential across the eleetmeally controlled
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resistance medium will fall within the range
to. which the medium is responsive and to:
which it is preliminarily adjusted. - |

Telephone repeaters wherein negative re-
sistance is used, have Hitherto been open to
the objection that the telephone ctirrents
have not been subjected to a. suﬂicwnt de-
oree of reinforcement. This invention has
fel its object the use of negative resistance

‘in-a condition of greater semnsitiveness than.

hitherto, thereby subjecting the telephone

.eurrents to greater reinforcement, by ar-

ranging the parts of the repeater as follows '

The resistance which the negative resistance |
- 18 to present to the source ef current, and the

potential of current which is to be presented-
to the negative . resistance, are determined
before the 1 repeater parts are arranged 1 ac-
cordance  with this :invention. Then if-e
be taken to represent. the electromotive force

of the source of current; v to represent the

potential of current whleh 1s determined to
be.that to which the negative resistance will
be subjected, . to represent the resistance of
the 1epeater circuit, and 7, to represent. the
vesistance which is determined to -be that
which the negative resistance will p1eeent-

to the source of current the cucult 1s ar-

ranged to make

" e=vXTe.

| - _.,' L rn .

For examp le ---the circuit shown 1n Flcr‘

1 may be used to reinforce telephone cur-
rents .arranged . so_that—the electromotive
force of the-soutrce of current==6 volts, the

' predetermined potentlal of current subjected
to the negative resistance=4 volts, the pre- |

determined resistance of the negatwe resist-
ance==200- ohms;: the resnstance of the cir-
c1it=3800 ohms. . .

Tltze fact whlch has lald hldden from vlewn

"979,0-_1_2 -

Jjected to a

-character,

_and upen which thls 1nventmn 1S baeed 18

8

that by constructing the repeater in su(,h_ ,

e

manner that the negative resistance is sub-
potential -of :current . which is
|- known te be suitable for the reinforcement
-of telephone currents; at the same time that
‘the-negative resistance presents a resistance
. to the spurce.of current which is also known
1'te be. suitgble for the:reinforcement of tele- .
. phene seurrents, more satisfactory results
As previous to this appheatmn no syeteme‘“ “pan be: ebtmned than is possible when the re-
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“peater is constructed so that the resistance of -

“theimeg:

Values o
- This ewuig to—-——

only when it is adjusted to a certain resist-

iegative vesistanee and the potential of
current preeented tD 1t are not predetermlned o

1. The negative re51stance produemg the '
_greatest reinforcement -of the telephone. cur-"
rents of . Wthh it ‘is capable of producing,:

86

ance, being at the same time subjected to a

certain - potential of current.

It does not

produce -the greatest remforcement of the. -

telephone currents of which it is capable of =
if it is adjusted to any other than
| the one resmtanee, regardless of the- potential

producing,

90 -

of current to which it is subjected, or if it -

is subjected to any other than the one poten-
_;tlal of -current, regardless of its resistance.

2. The fact that if the negative resistarnce

is'in a moderately ‘sensitive condition, and .
‘the potential of current to-which it 18 sub- -

95

jected is increased, or if its resistanece‘is de-

creased, its sen31tweness is increased up to'a
certain pmnt where ‘1ts character and resist-
ance suddenly break down without warning. -
3. The difference between the values of 7,
| and 7., such as there must necessarily be in a
telephone ‘Tepeater, causing a variation in
-elther the resistance of the negative resist-
ance, or the potential of current. presented to

10C

108

1t, to produce cen31derable vauatlon an the

other

impossible for the negative resistance to be 1

adjusted to unknown Values’ which are- Such

as'to cause it to produce the greatest rein--

forcement of the. telephone currents of which

1t 18 capable of producing, yet they do make

it impossible for the ne.g,atw resistance to

They ‘m

Althongh theee cendltlons do not make 1t o
110

aLe :

115

be utilized when it is adjusted to unknown"
‘values, 1n its condition of greatest sensitive-
ness 1 the art of telephony.”
| this unposelb]e owing to the fact that when .
“{ the negative resistance i is adjusted to a mod-

120

eratel sensitive condltmn. there 13 no means

should be made, in order to 1ncrease its
sensitiveness, and whether the slightest in-
crease 1n the potential of current Dre:,ented
to it, or:the slightest decrease in its resist-
ance, will: destroy' its -character.

of kIlOWlIlG' by any Varmtmn exhibited in its
“what variation in’ its resistance -
and the: potentml of current presented to it

125

- Conse-
;qnently nnder these eendltlens, there Is some

130



- justing it to even a moderate degree of sen-

presented to it are predetermmed which -

10

' ad]usted to a high resistance.

20
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repeater circuit. .
- mined values » and ¢, mav be establiched.

uncertainty of operatmn eXperlenced in ad-

sitiveness, and such a degree of uncertainty

1S expemenced in adjusting 1t to a highly

sensitive condition that it has not been found
possible to use it in this condition. I have
found that it may be used in this condition
if its resistance and the potential of current

may be done in the following manner: It
may be connected into a testing -circuit and

be subjected to a gradually and constantly
1Mcreasing potentml of current from zero up

to a suﬁimently high value to break down its

character-as a negatne resistance. A curve

may be plotted describing the variations in.

its conductance throuohout this range of
potential. Its conductance may ‘then he
slightly increased and the same operation
performed, a second curve being plotted de-

~ scribing the variations 1n 1ts. “conductance
~ throughout the range of potential at t

this
Sllﬂ'hﬂV increased value of conductivity. Its

‘conductance may then be again slightly in-
creased, and so on, until 1ts clmractel breaks

down at a potentml which is known to bhe
lower than that to -which it should be sub-
jected in the repeater. DBy this means it 1s

sistance the Ileﬂ'ﬂtl‘.b 1e€1%:t.;1nce will be ad-

Justed to, the potentlal to-which 1t should be.

subjected may readily be found by inspec-
tion of the curves. It should be slightly be-
low the potential at which the negative re-
sistance loses its character. The conduc-
tance to which it should be adjusted may
also' be determined by
curves.
tions in the current passing through 1t, pro-
duce large variations in the resistance of the
By this means ‘the deter-

The value of 7. may be determined by add-
ing the resistance of the induction coil wind-
1ngs which are connected to the negative re-
sistance to 7,.. ¢ may then be found by, %'oh-
ing the above equation.

The curves cbtained by the mvestlﬂ ation
of a smgle negative resistance, may. be used
to determine a desirable resmtance al which
all negative resistances of the type may be .

- used, and the potential of current to which

1}

- allCe.

they 'should be subjected when.at this resist-

negative resistance (see Bulletin of

- United. States Bureaw of Standards, Vol. 5,

60

65

page 133) has been investigated, a. deulrable_

resistance at which all 51110011 steel neo'atwe

resistances may be used, and the p{)tentml of .
- current to which they should be subjected
“when at this resistance are determmed by
the one investigation, providing they do not
differ in constructlon and that they are. a,ll |

| used under the same conditions.

ances 1s shown 1n g,

It may then

adjusted This

ossible to obtain a large number of curves, |
and when it has been determined what re-

inspection of thﬂ-
It should be such that small varia--

| shght variation 1n resistance.

| the mil-ammeter to a
correspond to the predetermined resistance

For example—when a silicon-steel

the .

979,012 '

Two or

more negative resistances may be grouped

together 1n a repeater to produce a greater

-variation in.the resistance of the rcpeater

circult than may be produced by a single
negative resistance. -. -

A repéater including four negative resist-
2 of the drawings.
Referring to this drawing—the negative re-
sistances Ii* E? E* and E*, are connected 1n
the repeater circuit W1th the batteries D?
and D2 Switches are provided to enable
connection to be established between any

negative resistance and the adjusting ctreuit
M N O P, and also to provide means by

which a non-inductive resistance may be

70

75

80

connected across a.negativé resistance before -

removing it from the repeater circuit to be

should apprommately equal the resistance to
which the negative registance is adjusted,

and allows one negative resistance to be dis-
| connected from the repeater circuit without
throwing others out of adjustment.
| use of this nmon-inductive resistance, more-

By the

over, a negative resistance may be removed

,fmm the repeater circuit to be re-adjusced if

non -~ 1Inductive resistance

85

90

a sufficient number are in use, without seri-

_ously Imparing the transmission.

The repeater may be adjusted 1n the fol-

lowing - manner: The two-pole, switch of the

negative resistance KE* may be thrown to

| connect the negative resmtance to the adjust-

ing circuit M N O P. This allows current

| from the battery M ‘to pass through the

negative resistance and the mil-ammeter M
A. The potential

95

100 ..

across the resistance O .

may equal the predetermined potential to

which the negative resistance 1s to be sub-
jected. Means should be provided to allow
the resistance © to be readily subjected to
O is shown

100

in Fig. 2 subject to slight 1ncrease 1n resist- -

ance, by means of the strap key When
this key is in its normal p031t10n the nega-
tive resistance may be adjusted to a resist-
ance which 1s such as to bring the needle of
point on the scale to

to.which the negative resistance 1s to be ad-

justed. The number of scale divisions-over
which the needle moves -when the key is de-

pressed, and when a resistance other than

‘negative is connected at E should be known.
If this number 1s increased sufficiently by

110

115

120

the current-varying character of the nega-

tive resistance when the key R is depressed,

-the two-pole switch may be reversed, thereby
‘connecting the negative resistance into the
repeater circuit.

The circult throueh the
non-inductive resistance I.' may then be
opened. The negative resistances I
and IK* may afterward be adjusted 1N hlxe
manner. *

In the _forégomg description 1 have shown

10CE

125
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means by which it may be used to render an
mmprovement in telephone transmission. I
will now describe the best mode in which T
have wntemplated dpplymg the prmmple

~ thereof.

13

“and E* shown in. the drawing. I provide in
. edch string

- of which are a sufficient size that the voltage:
may be maintained at 8 volts without a de-
~ viation of }

15

20

- ‘should- be subjected is .91 volt, the highest .|

I prowde a combination of the char%ter-
2 having sixteen medlums,l
four strings each with four mediums in-

shown in Kig.
series, in place of the four mediums E* E? I3

of mediums, corresponding to

the position at D, a storatp

volt therefrom until.it is con-
venient to re lace 1t. I use the silicon-steel
type of medium- described heretofore, the

| fassage of the current being in the dlrectlon-
rom steel 'to silicon, and find by investiga- .

tion that the lowest E. M. - E. to which it

resmtance to Whlch 1t sh0111d be adjusted 1s

 140:.ohms, the highest E. M. F. to Whlch it
_should be subjected is 1.10. volts, and the

;'Q_,lowest res:lstancé to which it should be ad-

" justed 1s 100 ohms,-
~each position L .in the circuit a non-indue-
30 ‘and G induction’. coils, each- having two
- windings, one of 80 ohms' connected fo one

T therefore provide at

tive resistance of 120 ohms. T provide at I¥

~ of the transmlssmn lines, and one of 50 ohms

35

40

.55

& scale divisions.

until the nee

connected to the local cireiit, I provide in

the testing circuit M'N O P a battery of 100
volts at: M, a resistancé of 98.8 ohms at N,

Q- remstance of 1 th at 'O, and a res1stanoe

of .2 ohm at:P.. I~ prowde at M"A a mil-
~ anumeter of the portable direct-reading type
having a range of 50" mil-amperes and 100
I mark a point upon the

scale of this mil-ammeter at 7.14 mil amperes

. to show the highest fesistance to- which. the
~ medium is adjusted in this particular appli-
- .cation of this invention, and another at 10 | i
45 il-amperes to show the lowest resistance
- - to which the medium is adjusted. T provide
.~ -astrap key and switches as shown in Fig. 2.
T first bring all the resistances L into the
5o circuit D J I, and throw a double pole sw1tch'-- |
. M.N O P. The measuring surface of all the
- mediums before ad]ustment will be out of
. contact with the silicon.
- surface of this first medium to be adjusted 1s
gradually brought to bear upon the sithcon
le. of the mil-ammeter is |

to bring one 1lled1um 1nt0 the testing cir et

~ brought up - to “within ‘the above: Eomts

* marked upon the scale.

60 then depressed and ‘the. movement of the |

_The strap

Y needle noted. If this moves over more than
- four. scale divisions the resistance of the

medinm is decredsed. A movement of thé !
. needle over 3.75 scale lelSlOIlS may or may-
“not show a decrease in resistance of the
~ mecdium accmdmg to whether the needle is | c;lremt on an outg{)mg (,ncult, a non-induc-

age battery, the cells /|

The. measuring

.cucmt on. an outgoing -eircuit s

ey 18

“the character of this invention and descrlbed | nearer the hlghest or lewest pomt marked'
‘upon the scale when the strap key is up.
“Greater refinement in the ad]ustment of the -

medium will be obvious after having con-
sidered this specification. If the movement

of the needle when the strap key is depressed -
-1s considered to be sufficient, the double pole

switch is reversed and the resistance L d]s—
connected. If this movemert is. not con-
mdered sufficient, or if difliculty is experi-
enced in adj ustmg the medium to a resist-

70

75

ance which Wlll bring the needle of the mil-

ammeter. between the:
the scale, it should be replaced.

-me‘thod of testing may be followed with the
remaining mediums ‘until sixteen are con-

nected into the eircuit D E J I. It is of

course necessary that they be frequently

points marked upon
The same

-80

tested during the time they are in use m

order. that the potential normally across

| each mediuin may remain unchanged.

~_It7is to be understood from the foregoing
_descuptmn that this invention is not limited
‘to any particular tvpe of- medium, but may

be used to effect an improvement in any sys-

tem making use of the characteristic of a
'medium presenting. a decreasing resistance

to .a current of increasing E. M. F. It is
alsb to .be .understood that the particular

combination to. which the uwentmn 1S herem- |
'shown to effect an improvement is only given
as” an example, and without. this improve-
ment is not considered itself to be a part of
the invention. Other combinations to which

this.invention may be applied will readily

85
90

95

100
occur to one skilled in the art. . Ifor example,

the windings H I J K of the induction coils -

F and G, shown in the drawings, may be

‘wound about a single core, or one coll with
three windings only may be’ used.. Instead 10
ot mtelsectmg the stations A and B the re—;;,ﬁ_

mtdy

o "
1 O 5 ot
[ -r-..._."
it .

inforcing station may. be connected in series

‘with them and a 0011 mth onlv two wind-

Ings be uc-ed

Therefﬂré Wlthout limiting myqelf to the
tse of any partlcular combination described
| heretofore, what I claim as new and desire -
‘to secure by United States Letters Patent is:
1. In a:telephone repeater, a source of uni- *
| directional current and a negative 1e515tance
element included together’in a repeater cir-
cult; means for lmpressing incoming - voice
currents on. said -circuit; means for' trans-
lating the amplified muents flowing in said -

| amfl 4 non-
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inductive: walstance,adapted to be stbsti-

tuted. in said circuit for said negative re-
escribed.
. 2.-Ina t&lephone repeater, a source of uni-
-dlrectmnal current- and a negative resistance. -4
element included- together 1n a repeater cir-

sistance ‘element, ‘substantially as

cuit; méans: for.impressing incoming voice
cullents on said circuit; means for trans-

lating the amplified curr ents flowing in said

125
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tive resistance having appremmately the
same resistance as the proper working re-
sistance of sald negative resistance e]ement

and means for substltutmg said non- sinduec-

tive resistance in said circuit in place of f-:fud

negative resistance element.

3. Ina telephone repeater, a source of uni-

directional current and a negative resistance
element 1ncluded together 1n a repeater cir-
cuit; means for 1mpressing ncoming volce
currents on said circult; means for trans-
lating the amplified. currents flowing in said
circutt on an outgoing circuit; a testing CIr-
cult; means for switching said negative re-

sistance element out of said repeater circuit
and into said testing circuit; and means for

closing said repeater circuit while said nega-

tive resztsta,nce 1S switched onto said testmfr-

circuit.

element included together in a repeater cir-
cuit; means for impressing incoming voice
currents on said circuit; means for trans-
lating the amphﬁed currents flowing in said
circuit on an cutgoing circuit; a non-induec-
tive resistance; a testing circuit for said
negative resistance element; and means for
substituting said non- mductwe resistance
for said negatwe resistance element 1n said
repeater circuit when' said negative re51et-

ance element is eonneeted Wlﬂl S‘tld test Clr~

cult
"5. In a telephone repeater a local circuit;

translating devices 1n said Tocal circuilt ; 2

plurality of negative resistance elements and
a source of direct current connected together
in said local circuit; a plurality of non-in-
ductive resistances; and means for substi-
tuting one or more of said non-inductive

resistances for one or more of said neﬂ'atn

resistance elements. -'

6. In a telephone repeater a local elreult |
translating devices in said Tocal circuit; a

plurality of negative resistance elements and
a source of direct current connected together

- 1n said local circuit; a plurality of non-in-

00

00

ductive resistances;:

resistance elements -and connecting said
negative resistance element with said testmo
circuit for test and adjustment.

7. In a telephone repeater; a loecal -circuit”

contarning translating demees a, etrmo' of

‘negative resistance elements cennected with
a battery in said local circuit; a plurality of

non-inductive resistances aseoemted Wlth

4. In a telephone repeater a source of uni--
directional current and a neg ative remstance'

a testing circuit; and .
means. for substltutmg one of said non-in-
ductive resistances for one of said negative

079,012

sald negatw
substitutirnig one of said non-inductive resist-
ances for one of said negative resistances,

Tfor the purpose herein described.

8. In a telephone repeater; a local circuit
contammo translating dﬂVlces a source of
current 1 said local CllCLllt,, 2 plurality ot
strings of negative resistance elements; said
strings of neoatwe resistance elements be-
Ing connected 3 in multiple 1 the local circuat
111(3lu.(1111mF said translating devices; substi-

tute resistances for each. et said neoatwe re-

sistances; .and means whereby said substi-
tute rec;lstanees may be introduced into said
local circuit. | |

9. In a telephone repeater;

connected in multiple in the local circuit in-
cluding said translating devices; non-induc-

"tive resistances for each of said neﬂ' ative re-

sistance elements; a testing mrcult IMeans
whereby one or more of said 11ecratlve resist-
ances may be removed from said local cir-
cuit and introduced into said test circuit;
and means for substltutmg sald non- 111duc-
tive resistance for said negative reelstance 11
said local circuat.

10. In a telephone iepeater' a local circuit.
-containing translating devices; a plurality of
strings of negative resistance elements con-

nected in said local circuit in series parallel
relation; substitute resistances for each of
sa1d nen'atlve resistances; and means where-
by said substitute resistances’ may. be mtro-
duced into said local circuit. .

11. In a telephone repeater; a local 01rcu1t
containing translating dewces, a plurality
of strings of negetwe resistance elements
connected 1n said local circuit in series par-

allel relation; non-inductive resistances for -

each of said negative resistafces; a testing

1 circuit; means whereby one or more of said
nemtwe resistances may be removed from -
said local circuit and introduced into said
testing circuit; and means for substituting

resistances: and means for

a local circuit

‘containing translating devmes a source of
current in said local circuit; 2 plurality of
“strings of negative resistance elements; said
strings of negative resistance elements bemﬂ
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sald non-inductive resistance for said nega—

tive resistance in said local circuit.
Signed by me at Providence, county of

| Providence and State of Rhode Tsland in the

preeence of two Wltnesses, and dated Febru-
ary 1st 1909,

CHARLES D LINDRIDGE
Witnesses:
Gmmanx E. Jopp,

~ Sioney E. LiNDRIDGE.
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