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1o all whom it mwy concern:

Be it known that I, CHARLES D LIND—_ ‘
- described hereinafter is. given as an example

RIDGE, a subject of the ng of England, and

a Tesident of Providence; county of Provi: .
T applied.

dence, and Staté of Rhode Island, have in-
vented .a new and useful Improvement in

Telephone-Repeaters, of -which the follow-- :

ing 1s & specification.
My invention relates to systems for the

‘reinforcement of telephone currents wherein

means are provided for adding emergy: to

transmission currents without sub]ectmg.

them to the distorting influence of mechani-
cal inertia and momentum. -

1t particularly relates to reinforcing sys—
tems m which negative resistances are made
use- of at the reinforcing station, and it
consists of an improvement in telephone re-
inforcing apparatus whereby-greater facili-

ties are provided for the application of the

principle involved, by increasing the sensi-
tiveness, unlformlty and reliability of .the

negative resistance, as hereinafter deseribed..

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
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this invention particularly - relates, " viz.,
those which make use of break-down resist-

‘ances, or-mediums which present a-decreas-

1ng resistance to-a. current of ificreasing

E. M. F,, it has been necessary to rely for
satlsfactory results . upon random. adjust-
ment. That is to say, it has heen necessary

‘that the parts of the combinations made use

of in these systems be subjected to various
unknown relationships until an acceptable
one can be found. - Considerable difficulty is
presented and uncertamty expemenced by
this means.

. My invention consists of an 1mprovement
in-these systems wherein the essential parts

. of the ‘combination are subjected to and

45

50

maintained in a definite and predetermined

relationship, thereby making the applica--

tion of thé system less difficult and provid-

ing means by which a ligh degree of trans-.
Imission relnforcement may be xendered per-.
‘manent.

A source of dn'ect ciirrent in combination’
- with an induction coil and a conducting me-

. dium having the characteristic of present-
"ing a_decreasing resistance to a current of

55

'mmeasmu E. .M. F. is shown in. Figures 1

and 2 of the drawings whlch 1ccompany

. ] Specmcatlon of I.etters I’atent
Apphoatxon filed: Februa.ry 10, 1909

lows:

Patented Dec. 20, 1910,
Senal No. 477,091,

and form a part -of thls specxﬁcatlon The
combination shown in these drawings and

of those to which my 1nvent10n may be

The term “ telephone repeater” used here-

yoice currents:

forced: only :
“In‘the drawmgs, A and B represent sub-

“scribers’ ‘stations,. and € represents the re-

inforcing station.

Referring.to Fig. 1 the. operatmn is as fol-
The ‘currents received at ‘the induc-
tion c011 T from the station at A cause fluctu-
atiofs 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 “E is increase
»vcreased accordmg to .whether the induced

or de-

E. M. F.’s oppose or reinforce the E. M. F.
of the’ battely 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
reduced, - due .to the resistance-varying ac-
tion at E a current is induced in the wind-
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

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

»_mltted from B to A.

Before considering the character of nega-.

-tive resiscance, comsideration may be:given
to resistance which is not negative in char-

acter, but which, similar to “the negative re-
sistance in telephone repeaters, is subject to
variations in resistance corresponding to
sound waves. The resistance of a telephone
transmitter, when the transmitter is spoken
into, varies in a similar manner to that in
which negative resistance varies when a
varying current is passed through it. The
resistance of telephone transmitters and the

otential -
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in, is mtended ‘to describe’ the- ‘apparatus. . -
which is used. to .increase the power of the
This term is used irrespec- '
‘ tive..of whether the telephone currents are
. renewed, or renewed and remforced, or rem- '
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negative resistance in telephone repeaters,

-are also similar in the respect that they have

both hitherto been adjusted in the same man-

ner.
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- When a telephone transmitter falls out of
adjustment from any cause, it is the prac-
tice in re-adjusting it, to transmit, or to
attempt to transmit speech through it be-
fore altering its resistance, so that an idea
may be obtained of the extent 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 is made
to transmit speech through it. If, when its
resistance is increased the transmission is
made worse, its resistance is decreased, and
made less and less, until any further de-
crease in resistance is found not to improve,
but to impair transmission. Its resistance
is then left unchanged and the transmitter
is in working order. '

When telephone repeaters wherein nega-
“tive resistance is used have hitherto been
constructed, it 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-

inent while telephone currents have been

transmitted through the repeater. The re-
sult of these variations has been noted and
used as a guide as to what further adjust-
ment should be made. This method of ad-
justment is satisfactory for all telephone
apparatus which requires adjustment, ex-
cept negative resistance in telephone re-
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 is based.
The. fact that the conductance of negative
resistance vari.s when a current passing
through it varies, is known; but it has not
been realized that because of this character
telephone repeaters wherein negative resist-
ance’ is used, should be constructed in such
manner that the adjustment of the negative
resistance is ‘made in a different manner to
that in which the adjustment of other tele-
phope 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 in 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 operation upon
thermo-electric action or polarization. A
polarized conductor, to have the required
characteristic, must of course be subjected
to an E. M. F. sufficiently great to break
down its effective resistance. Besides these
there are other groups of conductors which
may be used. For example, those consisting
essentially of electrodes differing either in
size, form, material or in the nature or den-

979,012

that all asymmetrical conductors have the

“characteristic of presenting a decreasing re-

sistance to a current of increasing E. M. F.

Mediums of the character which depend
for their opération upon either thermo-elec-
tric action or polarization are dealt with in
the Bulletin of the United States Burcaw of
Standards, No. 2, Vol. 2, in the article, “ On
the Platinum Point Electroyltic Detector for
Electrical Waves,” by L. W. Austen. In
scme subsequent investigations made by Mr.
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 in- these systems. These investigations
are described in a letter written to the edi-

1 tors of the “Zlectrical 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 dpon thermo-electric ac-

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 described as the results ob-
tained from its use have been satisfactory.
The silicon in granulated form may be

ore- easily handled when - embedded in

golder. A convenient method of holding it
is by means of “a tool-makers’ pin -vise, a
drop of heated solder and flux being allowed
to fall into a tray of granulated silicon,’dnd
the mass so formed held in the teeth of the

vise. The vise may be supported horizon-

tally in some form of metal mounting to
which a binding post is 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 insulated base
in such a position that the steel measuring
surface of the spindle may be brought to
bear upon the silicon. By being provided
with a number of pellets of silicon formed as
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above, the point of contact may be readily =

changed. 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. ’

It will be observed that a number of con-
tacts may be grouped together to produce a
greater variation of resistance than may be
produced by a single contact. Ifit is desired

that the resistance of the group be the same

as the resistance of a single contact, it is
necessary to use four contacts, two strings

each with two contacts in series, in order
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that the 'amount of resistance variation may

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

sity of surrounding gas. It would appear | of resistance variation, it is neceéssary to use

130



" contacts in series. -Owing to-the rapidly in-
ccreasing number of contacts required- for.
higher degrees ‘of resistance variation, it’

15

20

may be allowed.

. of the character described herein haves
put to commercial use, the- foregoing descrt
tion has been considered necessary to enable:

s1xteen contacts, four strmgs each: with four

would not appear ‘desirable that more than

four strings of contacts be nsed. The.num--}.

ber of contacts. in. each string may. however

with advantage be higher than four, provid- |-

ing a higher normal resistance of the ‘group.

‘As previous to this apphcatlon no §

one skilled in the art to construct a’ -combi-

nation of the type to which this.inyention | This
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 cirveuit; so that the fluctuations in’

,'potentlal across the electrlcally 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-

sigtance is used, have Hitherto been open to

the objection fhat the telephone ciirrents

gree of reinforcement. This invention has
f01 its object the use of negative resistance

‘in'a condition:of greater semsitiveness than

hitherto, thereby subjecting the telephone
currents to greater reinforcement, by ar-

- ranging the parts of the repeater as "follows:
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The resistance which the negative resistance
is to present to the source of current, and the
potential of current which is to be. presented
to the negative.resistance, are determined
before the 1 repeater parts are arranged in ac-
cordance with this :invention. Then if -¢
be taken to represent the electromotive force

of the souree of current, v-to represent the

potential of current which is determined to
be. that to which the negative resistance will-
be subjected, 7, to represent the resistance of
the 1epeater mrcult and 7, to represent - the
resistance which 1s determined to -be that
which the negative resistance will plesent
to the source of current the cucult is ar-
ranged to make .

e—-ivx'rc

‘n

For example,——the'mrcult shown in Flof‘

1 may be fused to reinforce telephone cur-

vents arranged so_ that—the electromotive
force of the-source of current=6 volts, the

predetermined potentlal of current subjected
to the negative remstance =4 volts, the pre-

determined resistance ‘of the negatlve resist-
ance==200- ohms;:the res1stance of the cir-
cnit==300 ohms. . .

The fact Whlch has laid hldden from vision

'979 012"

-known to be suitable. for. the reinforcement

Jproducing,

8

and upon Wh1ch thls mventxon is based, is
that by . constructing the Tepeater in such
manner that the negative resistance is sub-
jected "to- a potential ‘of:current .which is

70
of telephone currents, at the same time that -
the:negatlve resistance-presents a-resistance
urce.of current which is also known -
ole for the- reinforéement of tele-. -

nts, more satisfactory results 75
med than ispossible when the re: & -
13 constructed so that the reSistance of = -
esistanes. and the potential of
o 1t are not predetermmed

80

g
1. The negatlve resistance produmng the :

- greatest reinforcement of the telephone ‘cur--

rents of. whlch it is capable of prodicing,: -
only when it is adjusted to a certain resist- 85
ance, being at the same time subjected to a
certain - potential of current. It does not .
produce the greatest reinforcement of the.
telephone currents of which it is capable of = -
if it is adjusted to any other than 90
the one re51stance, regardless of the- potential

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

is subjected to any other than the one poten-

-tial of eurrent, regardless of its resistamce. |
have not been subjected to-a._sufficient de- |.

2. The fact that if the negative resistarnce 95
is'in a- moderately sensitive condltlon, and .

‘the potential of current to-which it is sub-
jected is increased, or if its resistance‘is de- -

creased, its sens1t1veness is increased up toa
certain point where its character and resist- 1oc
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 ‘repeater, .causing a variation in

-either ‘the resistance of the negative resist- 105

ance, or the potential of current. presented to
it, to produce. cons1derable vanatmn in the -
other.

Although these condltlons do not make it

_impossible for the negative resistance to be 110

adjusted to unknown “Values which are- such
as'to cause it to produce the greatest rein--
forcement of the telephone currents of which
it is capable of producing, yet they do make =
it impossible for the negdtue resistance to 115
be utilized when it is adjusted to unknown"
values, in its condition of greatest sensitive-
ness in the art of telephony.” They ‘mike -

| this impossible, owing to the fact that when .

the negative resistance is adjusted to a mod- 120
eratelv sensitive condition, there is no means
of knowing by any varlatlon exhibited in its

character, whqt variation in its resistance
.and the potential of current plesented to it

should be made, in order to increase its 125
sensitiveness, and whether the slightest in-
crease in the potential of current Dreoented
to it, or:the slightest decrease in its resist-
ance,” will: destroy its character. . Conge-
quently under ‘these condltlons, there is some 130
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uncertainty of operation experienced in ad-

- justing it to even a moderate degree of sen-

sitiveness, and such a degree of uncertainty
is experienced in adjusting it 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

* presented to it are predetermined, which
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may be done in the following manner: It
may be connected into a testing -circuit and

adjusted to a high resistance. It may then-

be subjected to a gradually and constantly
increasing potential of current from zero up

to a suffictently high value to break down its.

character as a negative resistance. " A curve

may be plotted describing the variations in.

its conductance throughout this range of
potential. Tts conductance may then be
slightly increased and the same operation
performed, a second curve being plotted de-
seribing the variations in its. conductance
throughout the range of potential at this
slightly increased value of conductivity. Its
conductance may then be again slightly in-
creased, and so on, until its character breaks
down at a potential which is known to be
lower than that to -which it should be sub-
jected in the repeater. By this means it is
possible to obtain a large number of curves,
and when it has been determined what re-
sistarice the negative resistance will be ad-
justed to, the potential to which it 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 te which it should be adjusted may
also be determined by inspection of the

curves. It should be such that small varia--

tions in the current passing through it, pro-
duce large variations in the resistance of the
repeatér circuit.. By this means the deter-

mined values » and v, mav be established.

The value of 7. may be determined by add-
ing the resistance-of the induction coil wind-
ings which are connected to the negative re-

. sistance to 7,.. ¢ may then be found by, solv-

ing the above equation. .
The curves obtained by the investigation

of a single negative resistance, may-be used.

to determine a desirable resistance a{ which

all negative resistances of the type may be

- used, and the potential of current to which

" b

they should be subjected when.at this resist-
ance. For example—when a silicon-steel

negative resistance (see Bulletin of the.

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

60

page 133) has been investigated, a- desirable
resistance at which all silicon-steel negative

resistances may be used, and the potential of .

- current to which they should be subjected
“when at this resistance are determined by

65

the one investigation, providing they do not~

differ in construction, and that they are all

throwing others out of adjustment.
use of this non-inductive resistance, more-

‘repeater circuit.

979,012

~used under the same conditions. Two or

more negative resistances' may be grouped
together 1n a repeater to produce a greater

-variation in.the resistance of the rcpeater

circuit than may be produced by a single
negative resistance. ;
A repéater including four negative resist-

ances is shown in Fig. 2 of the drawings.

Referring to this drawing—the negative re-
sistances I&* E2 E* and E*, are connected in
the repeater circuit with the batteries D*
and D® Switches are provided to enable
connection .to be established between any

negative resistance and the adjusting cirenit

M N O P, and also to provide means by
which a non-inductive resistance may be

70
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connected across a negative resistance before -

removing it from the repeater circuit to be

adjusted. This non-inductive resistance

should approximately equal the resistance to
which the negative resistance is adjusted,

.and allows one negative resistance to be dis-

connected from the repeater circuit without
By the

over, a. negative resistance may be removed
from the repeater circuit to be re-adjusted if
a sufficient number are in use, without seri-
ously imparing the transmission.

The repeater may be adjusted in the fol-
lowing manner: The two-pole switch of the
negative resistance F! may be thrown to
connect the negative resistance to the adjust-
ing cirecuit M N O P. This allows current
from the battery M ‘to pass through the
negative resistance and the mil-ammeter M

85
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A. The potential across the resistance O .

may equal the predetermined potential to
which the negative resistance is to be sub-
jected. Means should be provided to allow
the resistance © to be readily subjected to
slight variation in resistance. O 1s shown

105

in Fig. 2 subject to slight increase in resist- -

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

correspond to the predetermined resistance’

to.which the negative resistance is 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 I& should be known.
If this number is increased sufficiently by
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
The circuit throush the
non-inductive resistance I may then be

opened. The negative resistances 1> E?* -

and E* may afterward be adjusted in like
Imanner. - ' :
In the foregoing description I have shown

110
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* thereof.

13

- and E* shown in the-drawing. I provide in

_each string of mediums, corresponding to
the position at D, a storage battery, the cells |
of which are & sufficient size that the voltage"
‘may be maintained at 8 volts without a de-

15

20

- ‘should- be subjected is .91 wvolt, the highest:

25
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the character of this invention and described
means by which it may be used to render an

improvement in telephone transmission. T

will now describe the best mode in which I
have contemplated applying the principle

I provide
shown in Fig. 2 having sixteen -mediums,
four strings -each with four mediums in
series; in place of the four mediums B+ E2 12

viation of } volt therefrom until.it is con-
venient to réplace it. I use the stlicon-steel
type of medium- described heretofore, the
gassage of the current being in the direction

rom steel to silicon, and find by investiga-.

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

resistance ‘to- which it should be adjusted is
140.ohms, the highest . M. F. to which it
should be subjected is 1.10, volts, and the

lowest resistancé to which it should be ad-

-~ justed is 100 ohms. T therefore provide at
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each position L .in the circuit a4 non-induc-
tive resistanice of 120 ohms. I provide at I?

‘and G induction’ coils; each- having two

windings, one of 80-ohms connected fo one
of the transmission lines, and one of 50 ohms
connected to the local eircnit. I provide in

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

a resistance of 1 ohin"at O, and a resistance

~of .2 ohm at P.- I provide at M"A a mil-

ammeteér of the portable direct-reading fype
having a range of 50 mil-amperes and 100

scale divisions. .I mark a point upon the

scale of this mil-ammeter at 7.14 mil amperes

. to show the highest fesistance to- which the

45

medium is adjusted in this particular appli-

-cation of this invention, and another at 10
_ mil-amperes to -show the lowest resistance

to. which the medium is adjusted. T provide

- - a strap key and switches as shown in Fig. 2.

I first bring all the resistances L into the

_ 50 _cireuit D J T, and thirow a double pole switch

to bring one medium into the testing circuit

. MN O P., The measuring surface of all the

.55
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marked upon the scale... The strap
then depressed and ‘the. movement of the-
‘needle noted. Tf this moves over more than

mediums before adjustment. will be out of

contact with the silicon. The. measuring

- surface of this first medium to be adjusted 1s

gradually brought to bear upon the silicon
until the needle, of the mil-ammeter is
brought up - to “within the - above. points
ey is

four. scale divisions the resistance of the

medium-is decredgsed. A movement of thé
. needle over 3.75 scale divisions may or may-
“not show a decrease in resistance of the |

medium. according to whether the needle is

a combination of the character-

‘nearer the highest or lowest point marked
upon the scale when the strap key. is up.
“Greater refinement in the adjustment of the -

medium will be obvious after having con-
sidered this specification. If the movement
of the needle when the strap key is depressed
is considered to be sufficient, the double pole
switch is reversed and the resistance L dis-
connected. If this movemen{ is not con-
sidered sufficient, or if difficulty is experi-
enced in adjusting the medium to a resist-
ance which ‘will bring the needle of the mil-
ammeter between the: points marked upon
the scale, it should be replaced. The same
method of testing may be followed with the
remaining mediums ‘until sixteen are con-
nected into the ¢ircuit D E J 1. It is of
course necessary that they be frequently
tested during the time they are in use,in
order. that the potential normally across
each mediuin may remain unchanged.

It-is to be understood from the foregoing

‘description that this invention is not limited

to any particular type 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
also_to .be understood that the particular
combination to, which the invention is herein.

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
occur to one skilled in the art. Tor example,

70
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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 coil with

three windings only may be used.. Instead
of intersecting the stations A and B, the re- -
inforcing station may. be connected in series’
with them, and a coil with only two wind-

_ings be used.- o :

Therefore, without limiting myself to the

-tise’ of any particular combination described

- heretofore, what I claim: as new and desire

‘to secure by United States Letters Patent is:
1. In atelephone repeater, a source of uni- *

directional current and a negative resistance

cuit; means for impressing incoming - voice

-eurrents. on said -circuit; means for' trans-

lating the amplified currents flowing in said

-citéuit on. an outgoing eircuit; and a non-

inductive: vesistance adapted to be substi-

tuted. in sald ¢ircuit for said negative re-

sistance elernent, 'substantially as described.

-+ 2.-In a telephone repeater, a source of uni-
directional current and a negative resistance-

element included together-in a repeater cir-
cuit; méans: for.impressing incoming voice
currents on said circuit; means for trans-
Iating the amplified currents flowing in said
circuit on an outgoing circuit; a non-indue-

105
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element included together in -a repeater cir-
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tive resistance having apprommately the
same resistance as the proper working re-
sistance of said negative resistance e]ement
and means for substltutmg said non- -induc.
tive resistance in said circuit in place of Q‘ud
negative resistance element.

3. Ina telephone repeater, a source of uni-
directional current and a negative resistance
element included together in a repeater cir-
cuit; means for impressing incoming voice
currents on said circuit; means' for trans-
lating the amplified currents flowing in said
circuit on an outgoing circuit; a testing cir-
cuit; 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 resistance is switched onto said testlncr
circuit.

4. In a telephone repeater a source of uni-.

directional current and a negative resistance
element included together in a repeater cir-
cuit; means for impressing incoming voice
currents on said circuit; means for trans-
lating the amplified currents flowing in said
circuit on an cutgoing circuit; a non-induec-
tive resistance; a testing cn'cult for said
negative resistance element; and means for
substituting said non-inductive resistance
for said negamve resistance element in said
repeater circuit when said negative re51st-
ance element is connected w1th said test cir-
cu1t

"5 Ina telephone.repeater'; a local circuit;

-translating devices in said ‘local circuit; a

plurality of negative resistance elements and
a soures 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 neﬂatn
resistance elements. -

6. In a telephone repeater; a local circuit; ‘

translating devices in said Tocal circuit; a

plurality of negative resistance elements and -

a source of direct current connected together
in said local citcuit; a plurality of non-in-
ductive 1e81stances, a testing cirvcuity and

means. for substitiiting one ot said non-in-

ductive resistances for one of said negative-

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

7. In a telephone repeater; a local circuit
containing translating dev1ces a string of
negative resistance elements connected With
a battery in said local circuit; a plurality of
non- 1nduct1ve resistances assoc1ated ‘with
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said negatw resistances; and means for

substitutirig one of said non-inductive resist-
ances for one of said negative resistances,
for the purpose herein described.

8. In a telephone repeater; a local circult
containing translating devices; a source of
current in said local cncult, a plurality of
strings of negative resistance elements; said
strings of negative resistance elements be-
ing connected 1n multiple in the local circuit
1nclu(11n<r said translating devices; substi-
tute resistances for each of said negative re-
sistances; and means whereby said substi-
tute resistances may be introduced into said
local circuit.

9. In a telephone repeater; a local circuit
containing translating dev1ces a source of
current in said local circuit; a plurality of

strings of negative resistance elements; said

strings of negative resistance elerents bemo
connected in multiple in the local cireuit in-
cluding said translating devices; non-induc-

"tive resistances for each of said nemtlve re-

sistance elements; a testing c1rcult, means
whereby one or more of said negative resist-
ances- may be removed from: said local cir-
cuit and introduced into said test circuit;
and means for substituting said non- mduc-
tive resistance for said negative resistance in
said local circuit.

10. In a telephone repeater; a loecal 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
sald netratlve resistances; and means where-
by said substitute resistances may. be intro-
duced into said local circuit.

11. In a telephone repeater; a local circuit
containing translating devices; a plurality
of strlngs of negatlve resistance elements
connected in said local circuit in series par-

allel relation; non-induective resistances for-

each of said negative resistances; a testing
circuit; means whereby one or more of said

emtlve resistances. may ‘be removed from -

sald local circuit and introduced into said

_testing circuit; and means for substituting

said non-inductive resistance for said nega-
tive resistance in said local circuit.

Signed by me at Providence, county of
Providence and State of Rhode Island in the
presence of two w1tnesses, and dated Febru-
ary 1st 1909.

CHARLES D LINDRIDGE.
Witnesses: -
Guman E, Joep,

"~ Sipyey E. LiNDRIDGE.
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