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UNITED STATES PATENT OFFICE. 
i 

... CHARLES ID. ILINDRIDGE, OF PROVIDENCE, RHODE ISLAND. 
. TELEPHONE-REPEATER. 

979,012. 

?o all uvhom, it may concern: . -`. 
Be it is known that I, CHARLEs D. LIND 

RIDGE, a subject of the King of England, and 
a resident of Providence, county of Provi 
dence, and State of Rhode Island, have in 
vented a new and useful Improvement in 
Telephone-Repeaters, of 
ing is a specification. W - 
My invention relates to systems for the 

reinforcement of telephone currents wherein means are provided for adding energy to | renewed, or renewed and 
transmission currents without subjecting 
them to the distorting influence of mechani 
callinerti? and momentum. 

which the follow: 

| 

and form a part of this specification. The 
combination shown in these i drawings and 
described hereinafter is given as an example 
of those to which my invention : mray be 
applied. . . W . 
The term “telephone repeater” used here 

specification of Letters Patent. Pátented Dec. 20, 1910. 
Application filed. February 10, 1909. Serial No. 477,091. W 

in, is intended to describe the apparatus. - - 
which is used. to increase the power of the 
voice currents. This term is used irrèspec- i 

F tive of whether the telephone currents are 65 
reinforced, or rein 

forced only. I . . . . . . . . . . . . 
In the drawings, A. an N dB represent sub 

scribers” stations, and C represents the re 
It particularly relates to reinforcing sys- | inforcing station. : : : ; (). 

tems in which negative resistances are måde || Referring to Fig. 1 the operation is as foll 
use- of at the reinforcing station, and it | lows: The currents received at the induc 
consists of an improvement in telephone re- || tion coil F from the station at A cause fluctu 
inforcing apparatus whereby greater facili- | ations in the current in the circuit D EJ II, 

20 ties are provided for the application of the | which cause the potential across the conduet is 
principle involved, by increasing the sensi- || ing medium Eto be varied. The potential - 
tiveness, uniformity and reliability of the i across the medium 'E is increased or de 
negative resistance, as hereinafter described... | creased, according to whether the induced 
Such systems for the reinforcement of tele- || E. M. F.’s oppose or reinforce the E. M. F. 

25 phone currents rely to a considerable extent || of the battery D. When, a current is in- 80 
for their Successful operation upon their ad | duged in the winding I of the induction 

* . I justment. Hitherto, in the systems to which | coil F - in the : same direction as the current 
this invention o particularly i relates, i viz., | passing through the circuit D E J I; the 
those which make use of break-down resist- || petential across E is increased. As the re 

30 º ances, or mediums which present a. decreas- i sistance of the circuit D E J I is thereby 85 
ing resistance to a . current of i?creasing | reduced, i due to the resistance-varying ac 
E. M. F., it has been necessary to rely for | tion at E, a current is induced in the wind 
satisfactory results upon randôm. adjust- || ing K of the induction coil G which is 
ment. That is to say, it has been necessary || partly directly due to induction from A and 
that the parts of the combinations made use || partly caused by a change in the negative 90 
of in these systems b? subjected to various || resistance of the circuit D E JI. The re 
unknown relationships until an acceptable || sistance of the circuit D E J I is changed - 
one can be found. Considerable difficulty is || in the same way when currents are trans 
presented and uncertainty experienced by i mitted from B to A. OK . 

40 this means. . . . . . . . Before considering the character of nega- , 95 
My invention con?ists of an improvement | tive resistance, consideration may be given 

in these systems wherein the essential parts | to resistance which is not negative in char 
of the combination are subjected to and | acter, but which, similar to the negative re 
maintained in a definite and predetermined | sistance in telephone repeaters, is subject to , 
relationship, thereby making the applica- || variations in resistance corresponding to 100 
tion of the system less difficult and provid- || sound wayes. The resistance of a telephone 
ing means by which a high degree of trans-.|| transmitter, when the transmitter is spoken 
mission reinforcement may be rendered per. - || into, varies in a similar manner to that in 
manent. · * | which negative resistance varies when i a V 

50 A Source of direct current in combination || varying current is passed through it. The 105 
with an induction coil and a conducting me- i resistance of telephone transmitters and the 
dium having the characteristic of present- || negative resistance in telephone repeaters, 
ing a decreasing resistance to a current of | are also similar in the respect that they have 
increasing E. M. F. is shown in Figures i | both hitherto been adjusted in the same man- , 

55 and 2 of the drawings which accompany, ? ner. . . . . . | 1 
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S : 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. M 
When telephone repeaters wherein mega 

tive resistance is used have hitherto been 
constructed, it has been the practice of those 
skilled in the art to make such adjuštment 
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 of ad 
justment is satisfactory for all telephone || 
apparatus which requires, adjustment, ex 
cept negative resistance a in telephone re 
peaters. The fact that this method of ad 
justment is not the most Suitable for nega 
tive resistance º 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 varis 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 
umanner that the adjustment of the i negative 
resistance is made in 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 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-eleçtric 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 

The re 

bear upon tilne silicon. 

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 thernmo-elec 
tric action or polarization are dealt with in 
the Bulletin, of the United States Bureau, of 
Standards, No. 2, Vol. 2, in the article, “ On 
the Platinum Point Electroyltic Detector for 
Electrical Waves,” by L. W. Austen. In 
si:me subsequent investigations made by Mr. 
Austen upon the silicon detector, tests were 

70 

75 

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 

i tors of the “ Electrical 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 üpon thermo-electric ac- i 
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 

unore : easily handled when i embedded in 
solder. 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, and 
the mass so formed held in the teeth of the 
71Se 

tally in some form of metal mounting to 
which a binding post is attached. 
A micrometer head of the type constructed 

four use in calipers, measuring to one-thou 
sandth of an inch, may be supported in a 
similar metal mounting on ån insulated base 
in such a position that the steel measuring 
surface 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 * 
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. If it 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 
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 necessary to use 
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, contacts in series. Owing to the rapidly. in 
creasing number of contacts required for 
higher degrees of resistance variation, it 

15 

20 

of the character described herein hayebe 
put to commercialuse, the foregoing descrip? 
tion has been considered necessary to enable 

sixteen contacts, four strings each with four 

would not appear desirable that more than 
four strings of contacts be used. The num- of 

the negative resistance-presents a resistance 
to the su 

ber of contacts. in each string may. however 
with advantage be higher than four, provid 
ing a higher normal resistance of the group 
may be allowed. '; ', *' 
As previous to this application no sy 

one skilled in the art to constructa combi nation of the type to which :: this.sinyention 
may be applied. The improvement effected || 
in these systems by use of this invention con 
sists of adjusting preliminarily to a prede 
termined degree the E. M. F. of the local 
source of current and the resistance of the 
local circuit, so that the fluctuations in potential across the electrically controlled 

25 

30 
gree of reinforcement. This invention has 

35 

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 britherto been open to 
the objection i that the telèphone cürrents 
have not been subjected to, a sufficien? de 
for its object the use of negative resistance 
in a condition of greater sensitiveness than hitherto, thereby subjecting the telephone 
currents to greater reinforcement, aby ar 
ranging the parts of the repeater as follows: 

40 
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to the negativer 

The resistance which the negative resistance 
is to present to the source of current, and the 
potential of current which is to be preŠented 
to the negative i resistance, are determined 
before the repeater parts are arranged in ac 
cordance - with this invention. 
be taken to represent the electromotive force 
of the source of current, v * to represent the 
potential of current which is determined to 
be. that to which the negative resistance will 
be subjected, re to represent the resistance of 
the repeater circuit, and ra to represent the 
resistance which is determined to be that 
which the negative resistance will present 
to the source of current, the circuit is ar 
ranged to make S 

For example,---the circuit shown in Fig. 
1 may be used to reinforce telephone cur 
rents arranged i so, that—the electromotive 
force of the source of current=6 volts, the predetermined potential of current subjected 

esistance=4 volts, the pre 
ce of the negative resist 

ance=200 - ohms, the resistance of the cir 
cuit=300 ohms. . . - - 
The fact which has laid hidden from vision 

determined resis 

producing, if it is adjusted to any other than 

either the resistance of thè negative resist 
Then if I e 

|| ness in theart of telephony , 
| this impossible, owing to the fact, that when , 

and upon which this invention is based, is 
that by constructing :: the repeater in such 
manner that the negative presistance is sub 
jected to a potential of current which is 
known to be suitable for the reinforcement 
of telephone currents, at the same time that 

70 

urce of current which is also known i 
ble for the reinforcement of tele- , , 
rrents, more satisfactory results 75 

obtained than is possible when the re i 
is constructed so that the resistance of - 
ative resistaneë, and the potential of 

edito itäre not predetermin?d 
- * * * * * | 80 

ative resistance producing the 1. The neg 
greatest reinforcement of the telephone cur 
rents of which it is capable of producing, : 
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 i 
produce the greatest reinforcement of the 
telephone currents of which it is capable of . . 

90 
the ône resistance, 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 current, regardless of its resistance. 

: 2. The fact that if the negative resistance 9 5 
is in a moderately sensitive condition, and - 
the potential of current to which it is sub 
jected is increased, or if its resistanee is de 
creased, its sensitiveness is increased up to a 
certain point where its character and resist- 100 
ance suddenly break down without warning. 

3. The difference between the values of 7 - 
and re, such as there must necessarily be in a ^ 
telephone repeater, i causing a variation, in : . 

105 
ance, or the potential of current.presented to 
it, to produce. considerable variation in the 
other. . . . . . * . . . . . . . . . . 
Although these conditions 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- - - 
forcemênt of the telephone currents of which 
it is capable of producing, yet they, do make 
it impossible for the i negative resistance to ll5 
be utilized when it is adjusted to unknown 
values, in its condition of greatest sensitive 

They make . 

the negativ? resistance is adjusted to a mod- 120 
erately sensitive condition; there is no means 
of knowing by any variation exhibited in its 
character, what variation in its resistance 
and the potential of current presented to it 
should be made, in order to increase its 125 
sensitiveness, and whether the slightest in 
crease in the potential of current presented 
to it, or, the slightest i decrease in its resist 
ance, will destroy its i character. . Conse 
quently under these conditions, there is some 130 
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uncertainity 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 

0 

20 

30) 

35 

40 

45 

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 sufficiently 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. Its conductance may then be 
slightly increased and the same operation 
performed, a second curve being plotted de 
scribing the variations in itS. conductançe 
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 citarves, 
and when it has been determined what re 
sistance the negative resistance will be ad 
justed to, the potential tÔ 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 to which it should be adjusted innay 
also be determined by inspection of the 
curves. 
tions in the current passing through it, pro 
duce large variations in the resistance of the 
repeater circuit. , By this means "the deter 
mined values v and vira may be established. 
The value of re may be determined by add 
ing the resistance of the induction coil wind 
ings which are connected to the negative re 
sistance to ºn... e may then be found by Sölv 
ing the above equation. • . 
The curves obtained by the investigation 

of a single negative resistance, may be used 
to determine a desirable resistance at which 
all negative resistances of the type may be 
used, and the potential of current to which 

55 they should be subjected when, at this resist- | 
ance. For example—when a silicon-steel 
negative resistance (see Bulletin of 
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 

65 

when at this resistance are determined by 
the one investigation, providing they do not 

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

It should be such that Small v aria 

the . 

repeater circuit. 

979,012 

used under the same conditions. Two Or 
more negative resistances may be grouped 
together in a repeater to produce a greater 
variation in the resistance of the repeater 
circuit than i may be produced by a single 
negative resistance. ; 
A rep?ater including four negative resist 

ances is shown in Fig. 2 of the drawings. 
Referring to this drawing-the negative re 
sistances E1 Eº Eº and E4, are connected in 
the repeater circuit with the batteries Dº 
and Dº. Switches are provided to enable 
connection to be established between any 
negative resistance and the adjusting circuit 
M N O P, and also to provide means by 
which a non-inductive resistance may be 

70 

75 

80 

connected âcross a negativ? resistance before - 
removing it from the repeater circuit to be 
adjusted. This i non - inductive resistance 
should approximately equal the resistance to 
which the negative re?istance 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 a resistance EP s may be thrown to 
connect the negative resistance to the adjust 
ing circuit M N O P. This allows current 
from the battery M to pass through the 
negative resistance and the mill-ammeter M 

85 

90 

95. 

1 0 0 . . 

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 O to be readily subjected to 
slight variation in resistance. O is 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 a? to bring the needle of 
the mill-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 E should be known. 
If this number is increased sufficiently by 

10 

115 

120 
the current-varying character of the mega 
tive resistance when the key R is depressed, 

- the two-pole switch may be reversed, thereby 
connecting the negative resistance into the 

The circuit throuerh the 
non-inductive resistance Lº may then be 
opened. The negative resistances. Eº Eº 
and E4 may afterward be adjusted in like 

E. . 

differ in construction, and that they are all | "In the foregoing description I have shown 

125 

30 



thereof. 

and E* shown in the drawing. I provide in 
each string of mediums, corresponding to 
the position at D, a stora 

| 5 

20 

should be subjected is .91 volt, the highest 

25 

30 

35 

40 

to show the highest?esistance to which the 
is cation of thiš invention, and another at 10 | 45 

. 55 

improvement in telephone transmission. I 

may be maintained at 8 volts without a de 

should be subjected is 1.10. volts, and the 
lowest resistanc? to which it should be ad 
justed is 100 ohms. I therefore provide at 

and G. induction coils, each having two 

volts, at M, a resistancè of 98.8 ohms at N, 
of .2 ohm at P. I provide at M A a mill 

*º mill-amperes to show, the lowest resistance 
i to which the medium is adjusted. I provide 

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

50 circuit DJ I, and throw a double pole switch 
. M N OP., The measuring surface of all the 

surface of this first medium to be adjusted is 

marked upon the scale. . The strap key is 

979,012 . . p - 

the character of this invention and described nearer the highest or lowest poin? marked 
means by which it may be used to render an 

will now describe the best mode in which I i medium will be obvious after having con 
have contemplated applying the principle | sidered this specification. If the movement 

*** · | || of the needle when the strap key is depressed 
I provide a combination of the character | is considered to be ?ufficient, the double pole 

shown in Fig. 2 having sixteen, mediums, | switch is reversed and the resistance L dis 
four strings each with four mediums in || connected. If this movement is not con 
series, in place of the four mediums Eº Eº Eº || sidered sufficient, or if difficulty is experi 

enced in adjusting the medium to a resist 
| ance which will bring the needle of the mill 
ammeter between the points marked upon 

windings, one of 80' -ohms connected to one 

ge battery, the cells 
the scale, it should be replaced. The same 

of the transmission lines, and one of 50 ohms 

of which are a sufficientsize that the voltage 
remaining mediums until sixteen are con 
nected into the circuit D E J. I. 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 medium 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 
alsö, to be understood, that the particular 

viation of volt therefrom until. it is con 
venient to replace i?. I use the silicon-steel 
type of medium. described heretofore, the 
pag of the current being in the direction 
rom steel to silicon, and find by investiga 
tion that the lowest E. M. F. to which it 

resistance to which it should be adjusted is 
140: ohms, the highest E. M. F. to which it 

each positio? Linthe, circuit a non-induc 
tive resistanice of 120 ohms. I provide at, F 

method of testing may be followed with the 

shown to effect an improvement is only given 
- * a? anexample, and without this improve 

connected to the local circuit. I provide in 
the invention. Other combinations to which 
this invention may be applied will readily 
occur to one skilled in the art. For example, 

the testing circuit M N O P a battery of 100 
a resistance of 1 ohm at O, and a resistance 

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 

ammeter of the portable direct-reading type 
having arange of 50 mill-amperes and 100 
Scale divisions. I mark a point upon the 
Scale of this mill-ammeter at 7.14 mil amperes 

medium is adjusted in this particular appli- || with thèm, and a coil with only two wind 
ings be used. 

Therefore, without limiting myself to the 
use of any particular combination described 
heretofore, what I claim as new and desire 

I first bring all the resistances Linto the | to secure by United States Letters Patenti?: 
directional current and a negative resistance 
element included togetherin a repeater cir 
cuit; means for impressing incomingº voice 
currents on said circuit; i means for trans 

to bring one medium into the testing circuit 

mediums before adjustment will be out, of 
contact with the silicon. The measuring 

|- circuit, on an, outgoing, circuit; and a non 
inductive : resistance, adapted to be súbsti 
tuted in said circuit for said negative, re 
sistance element, "substantially as described. 

| 

gradually brought to bear upon the silicon 
until the needle of the mil - ammeter is 
brought up to within the above i points 

then depressed and the movement of the || 
needle noted. If this moves over more than 
four. scale divisions the resistance of the , , * . . element included together in, a repeater cir 
medium is decreäsed. A movement of th? cuit; mëans: for, impressing incoming voice 
needle over 3.75 scale divisions may or may: | currents on said circuit; means for trans 

65 not i show a decrease in resistance of the | lating the amplified currents flowing in said 
medium according to whether the needle is. Il circuit on an outgoing circuit; a non-induc 

upon the scale when the strap key, is up. 
* Greater refinement in the adjustment of the 

combination to which the invention is herein. 

ment is not conside?ed itself to be a part of 

1. In a telephone repeater, a source of uni- * 

lating the amplified currents flowing in said 

2. In a telephone repeater, à source of uni 
directional current and a negative resistance 
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100 

the windings H I J K of the induction coils : 

105: 
of intersecting the station?. A and B, the re 
inforcing stafion may be connected in series 
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negative resistance element. 

- translating devices in said local circuit; a 

S 

tive resistance having approximately the 
same resistance as the proper working re 
sistance of said negative resistance element; 
and means for substituting said non-induc 
tive resistance in said circuit in place of said 

3. 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 flowingin 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 rèsistance is switched onto said testing 
circuit. - 

4. In a telephone repeater, a source of uni-. | 
directional current and a negativ? 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 non-induc 
tive resistance; a testing circuit for said 
negative resistance element; and means for 
substituting said non-inductive resistance 
for Said negative resistance element in said 
repeater circuit when said negative resist 
ance element, is connected with said test cir 
cuit. . 

5. In a telephone repeater; a local circuit; 
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 negative 
resistance elements. 1- ' 

6. In a telephone repeater; a local circuit; 
translating, devices in said local circuit; a 
plurality of negative resistance elements and 
a Source of direct current connected together 
in said local cifcuit; a plurality of non-in 
ductive a resistances; a testing circuit; and 
means. for substitüting one of said non-in 
duçtive resistances for one of said, negative 
resistance elements and connecting said 
negative resistance element with said testing 
circuit for test and adjustment. 

7. In a telephone repeater; a local circuit 
containing translating devices; a string of 
negative resistance elements connected with || 
a battery in Said local circuit; a plurality of 
non-inductive resistances associated with 
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said negative resistances; and means foi: 
substitutinig ône of said non-inductive resist 
ances for one of said negative resistances, 
for the purpose herein described. 

8. In a telephone repeater; a local circuit 
containing translating devices; a source of 
current in said local circuit; a plurality of 
strings of negative resistance elements; said 
strings of negative resistance elements be 
ing connected in multiple in the local circuit 
incluiding said translating devices; substi 
tute resistances for each of said negative l'e- 
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 devices; a source of 
current in said local circuit; a plurality of 
strings of negative resistancé elements; said 
strings of negative resistance elements being 
connected in multiple in the local circuit in 
cluding said translating devices; non-induc 
tive resistances for each of said negative re 
sistance elements; a testing circuit; 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-induc 
tive resistance for said negative resistance in 
said local circuit. 

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

11. In a telephône repeater; a local circuit 
containing translating devices; a plurality 
of strings of negative resistance elements 
connected in said local circuit in series par 
allel relation; non-inductive resistances for 
each of said negative resista?ces; a testing 
circuit; means whereby one or more of said 
negative resistances may be removed from 
said 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. W 
Signed by me at Providence, county of 

Providence and State of Rhode Island in the 
presence of two witnesses, and dated Febru 
ary 1st 1909. V 

CHARLES D. ILINDRIDGE. 
Witnesses: 

GILMAN E. Jo PP, 
SIDNEY E. ILINDRIDGE. 
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