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This invention relates to electrical circuits, 
and partieularly to arrangements intercon 
necting an input circuit and an output cir 
euilt for pontrolling the potential applied to 
said output circuit by said input eircuit. 

Heretofore, whenever it was necessary to 
vary the potential of an input eircuit applied 

s 

to an output circuit, a potentiometer was in 
terposed between the input circuit and the 

in output circuit which had a movable contact 
arm associated therewith for adjusting the 
potential applied to the output circuit within 
predeterained limits. This potentiometer 
usually coasisted of a number of resistances 

's connected in series, the end terminals of 
which were connected to the input circuit. A 
movable arm moved over contacts connected 
to the various junction points in this poten 
tiometer. The movable arm and one of the 

to end terminals of the potentiometer were con 
nected to the output circuit. By manipulat 
ing the movable arm the proportion of the 
potential of the input eircuit applied to the 
o'E' circuit was easily under eontrol. 

It was discovered that when such a poten 
tiometer was connected between the input cir 
cuit and the output circuit, preferably 
through a transformer, an unbalanced condi 
tion was obtained by virtue of the fact that 

is so there was a greater drop in potential in the 
branch of the potentiometer including the 
movable arm than in the other brandh, which 
therefore introduced stray currents and con 
sequently “noise'. 

It was also discovered that all frequencies 
were not transmitted equally; that is to say, 
different frequencies were differently trans 
mitted, the transmission loss existing at any 
one frequency being different from that exist 
ing at other frequencies. Generally, the 
higher frequencies were more easily trans 
mitted than the lower frequencies. Further 
more, this distortion in the transmission-fre 
quency characteristic was found to vary when 
the potentiometer adjustment was changed 

It is an object of this invention to provide 
a eomparatively inexpensive potentiometer 

5 

95 

which when used to adjust the transmission 
efficiency of a circuit, will not provide a dif 

o ferent adjustment at same frequencies than 
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at other frequencies. This may be accom 
plished, in accordange with this invention, by 
employing suitable impedance relationships 
in the potentionmeter itself as compared to the 
impedances of the input and output circuits, 
as will be described more fully in the descrip 
tion hereinafter following. 

However, the arrangement of this inven 
tion is so set up as to provide a potentiometer 
which is balanced, and which does not, of it 
self, introduce stray currents and “noise'. 
This is accomplished by interposing between 
the input circuit and the output circuit a po 
tentiometer comprising resistance over which 
pass two movable arms, both arms changing as 
the resistance by equal increments. ual 
potential differences are therefore established 
in the circuits to which the arms of the poten 
tionaeter are connected. 

It is a further object of this invention to go 
provide a transmission circuit whose trans 
mission efficiency may be adjusted within any 
predetermined range without changing the 
relative transmission efficiencies at the differ 
eat frequencies within the frequency band 6 
transmitted. 
And it is a further object of this invention 

to provide means for conveniently changing 
the efficiency range through which adjust 
ments can be made, as conditions may neces- so 
sitate. This object of the invention may be 
accomplished by providing a special network 
which interposes a transmission loss of pre 
determined magnitude between the input cir 
cuit and the transmission circuit itself. 
While the nature of the invention will be 

pointed out with particularity in the ap 
pended claims, the invention itself, both as to 
its further objects and features, will be better 
understood from the detailed description. 
hereinafter following when read in connee 
tion with the accompanying drawings, in 
which Figures 1 and 2 represent two trans 
-mission circuits, in each of which a potentiom 
eter is employed embodying the principles 
of this invention, and in which Fig. 8 repre 
seats curves characteristic of the invention. 

Referring to Fig. 1, S, represents an input 
circuit and Sean output circuit. A potent 
tiometer comprising two resistances arranged 00 
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2 
in parallel relationship with each other is 
connected to the input circuit S, one of these 
resistances being designated by the reference 
character R and the other by the reference 
character P. Two movable arms are asso 
ciated with the resistance P. These arms 
move simultaneously, inwardly or outward 
ly, depending upon whether the potential ap 
plied to the output circuit is to be decreased 
or increased, respectively. Moreover, these 
arms change the proportion of the resistance 
P, across which the output circuit S is con- . 
nected, by equal increments. These arms are 
also connected to the primary winding of the 
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adjustment of the potentiometer is changed, 
the impedance across which the primary 
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transformer T, the secondary winding of 
which is connected to the output circuit S. 
In Fig. 2 similar reference characters are 

employed to designate parts similar to those 
of Fig. 1. Accordingly, the reference charac 
ters S, and S. designate the input and out 
put circuits respectively, and the reference 
character T designates the transformer. The 
potentiometer of Fig. 2 comprises two resist 

es ances which are also in parallel relationship 
with each other, the midpoint of one of these 
resistances being grounded. This latter re 
“sistance is divided into two parts and these 
parts are identified by the reference charac 
iters M and N. The other resistance is iden 
tified by the reference character P. An arti 
ficial network is interposed between the input 
circuit S, and the potentiometer. This net- the relationship between the impedance Z. 
work comprises equal Series resistance ele- of the potentiometer and the transmission 
ments R and R', and equal shunt resistance 
elements R and R's. This artificial network 
is substantially free from inductive or capaci 
tative reactance. . . . . . . . 
The resistance P is connected to the pri 

mary winding of the transformer T. Owing 
to practical limitations in transformer design, 
the inductive reactance of the primary wind 
ing of the transformer T cannot be made as 
high as may be desired. Now, if a constant 
potential be applied at the source S, and if its 
frequency be varied, a varying current will 
flow through the primary winding of the 
transformer T, and this current will increase 
as the frequency is decreased. As a result 
of this, the potential across the potentiome 
ter and, accordingly, across the transformer 
windings, will vary, being lower if the fre 
quency is reduced. This is manifested in the 
operation of the system by reduced efficiency 
at low frequencies. Moreover, if when the 

... winding of the transformer is connected also 
changes appreciably, this will result in a cor 
responding change in the transmission-fre 
quency characteristic of the system, the rela 
tive efficiency at the lower frequencies being 
improved if the impedance Z is lowered. 
More specifically, when the adjustment of the 
potentiometer is increased or decreased there 
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will be a tendency for a change to take place 
in the transmission-frequency characteristic 
curve because the impedance across which 
the primary winding is connected is corre 
Spondingly increased or decreased. Yet in 70 
the present invention the transmission-fre 
quency characteristic curve remains prac 

stically the same throughout because the im 
pedance. Z, across which the primary wind 
ing of the transformer Tis connected, is main 
tained substantially constant. 

signed to provide negligible variations in im 
pedance, or rather a substantially constant 
impedance, Z, which is the impedance view 
ing the potentiometer from the primary 
winding of the transformer T, for a limited 

The potentiometer of this invention is de 

80 

or predetermined range of potentiometer ad 
justment. That is to say, in accordance with 
this invention the impedance Z is to remain 
Substantially constant at all times through 
out a limited and predetermined range of 
loss introduced by the potentiometer. Fur 
thermore, the impedance Z., which is theim 
edance viewing the potentiometer. from the s 

direction of the input circuit S is substan 
tially constant at a predetermined magni 
tude whenever the potentiometer is em 
ployed, as is usual, to adjust the gain of, for 
example, a repeater. . . . . . . . . . . . . 

Fig. 3 shows a number of curves indicating 

loss introduced by the potentiometer for va 
rious combinations of the elements of this in 
vention. The straight line curve “a” shows 
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an ideal condition in which the impedance 
Z, is constant. If a potentiometer were de 
signed having the ideal characteristic curve. 105 
represented by the reference character “a”, 
the transmission at all frequencies would be 
modified by the same magnitude when the po 
sition of the potentiometer arms was 
changed. 
acteristic curve for an old and well known 
potentiometer. 
impedance looking back toward the potenti 
ometer varies with the potentiometer adjust 
ment. Obviously, the results obtained with 
the old type of potentiometer differed con 
siderably from the ideal values represented 
by curve “a”. . . 

tiometer embodying the principles of this in 
vention. 

Curve “b’ shows the impedance-loss char 

This curve shows that the 
-115 

- . . . . . . a 20 Curve “c” represents a curve of a poten 

This curve indicates variations in 
the impedance presented to the transformer 
T which differ by negligible amounts from 
those presented by the potentiometer of 
which curve “a” is characteristic. By suit 

:125 

able adjustments of the constants of the po 
itentiometer the curvature of curve “c” may 
be controlled within suitable limits. ... 30 
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Ietting Z=the impedance of the circuit S, 
Rs=the resistance of the shunt R 
R=the total resistance of the po 

* . . . - tentioraeter 

35 nRp=the portion of the potention 
- . . . eter resistance included be 

tween the terminals of the 
receiving circuit 

O m= the ratio Z, and 
Z-the impedance presented by the 

eornbination of the circuit 
S., the shunt R, and the po 
tentiometer P toward the 
transformer T, 

then the following relationship will exist: 

in R-(1-)B-tz. 
Retzii, 

In order that the combination of the po 
tentiometer and the shunt may receive waves 
from the circuit S, without reflection losses, the following relationship must exist: 

it. = Z. (2) 
From these relationships it may be readily 
shown that: 

In the potentiometers used heretofore, as 
already explained, the ratio m was equal to 
unity and no shunt resistance such as R was 
used. Under these conditions the impedance 
Z, fell off as in decreased in magnitude from 
unity. The loss introduced between the cir 
cuit S. and the transformer T increased as 
in was reduced. Curveb of Fig. 3 shows the 
relationship between the impedance Z, and 
the loss caused by turning down the po 
tentiometer. In the practice of this inven 
tion, however, the resistance of the poten 
tionaeter P, as explained heretofore, is made 
greater than the impedance of the circuit S. 

in other words, m is made greater than uni 
ty. It will readily be seen that when the re 
sistance of the potentiometer P is made very 
great, the impedance, Z, will first increase and 
then decrease as the value of n is decreased. 

40 

hereinabove, and is illustrated by curve c of 
Fig. 3. By choosing a suitable value for m, 
:the maximum value reached by the impedance 
Z, as illustrated by curve c, will be within 
certain tolerable limits which are fixed by 
the requirement that the effect of changing 
the potentiometer setting must be substan 
tially the same at all frequencies of the trans 
mitted current. Hy adopting a suitable limit 

is for the variation of the potentiometer P, the 

This follows also from Equation 3, given 

3 

variation of the impedance Z below the de 
sired value can be kept within tolerable 
limits. 
The potentiometer, of which “c” is the 

characteristic impedance-loss curve, intro- to 
duces a transmission loss within predeter 
mined magnitudes. When gain variations 
are desired in some other predetermined 
range, for example, in some lower range it 
becomes necessary to supplement the po 
tentiometer with the artificial network 
(shown in Fig. 2) comprising series and 
shunt resistances. As is very readily under 
stood, such a network introduces a transmis 
sion loss of a definite magnitude. By em 
ploying resistance in such a network to the 

75 

exclusion of capacitative or inductive react 
ance the artificial network becomes distor 
tionless, and thus does not affect the trans 
mission-frequency characteristic of the sys 
tem. By employing different artificial net 
works to supplement the potentiometer, gain 
adjustments may be made over a consider 
able range, as may be required, and the im 
pedance-loss curves may, at the same time, be 
made to assume the shapes of, for example, 
the curves “d’ or “e'. - 
The variations in the impedance Z. pre 

sented to the transformer T by the potentiom 
eter depend on the relative magnitudes of 
resistance P and impedance Z. By varying 
the comparative magnitudes of the resistance 
P and the impedance Zs, the impedance-loss 
characteristic curve may be made to vary in 
shape. In the old and well known type of 
potentiometer the resistance P was made 
equal to the impedance Z. so that the charac 
teristic curve assumed the shape of the curve 
“b' of Fig. 3. Moreover, by changing the ra 
tio of the resistance P to the impedance Zs, 
the impedance Z. presented to the trans 
former T can be controlled to a considerable 

05 

degree. The resistance R of Fig. 1 is bridged 
across the resistance P so that the impedance 
Z. may be made as nearly equal to the im .0 
pedance Z, as may be found desirable. 
Whenever it becomes necessary to have im 

pedances Z, and Z. equal, the values of re 
sistances R and P may be determined from 
the following equations: 

R= Z% t 

P-ze 
in which Q is the ratio 

P. 
Zs 

While the invention has been disclosed in 

and (4) 
20 

file5 

certain particular arrangements for the pur 
pose of illustration, it is to be understood that 
the general principles of this invention may 30 
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4. 

be embodied in other and widely varied or 
ganizations without departing from the 
spirit of the invention and the scope of the 
appended claims. . . . 
What is claimed is: . . . . . 
1. The combination of a potentiometer, a 

circuit supplying currents to said potenti 
ometer, said potentiometer comprising two 
resistances of predetermined magnitudes con 
nected parallel relationship with each other, 
each of said resistances having a greater in 
pedance than the circuit supplying currents 
thereto and so related to each other that their 
joint impedance substantially equals theim 
pedance of said circuit, and means for adjust 
ing the gain of the potentiometer, said means 
comprising two arms and an arrangement 
whereby said arms may determine and change 
the proportion of the potential drop across 
one of said resistances to be delivered by said 
potentiometer. - 

2. A potentiometer free from frequency 
discrimination interconnecting an input cir 
cuit and an output circuit, comprising two 
resistances in parallel relationship with each 
other, and two movable arms associated with 
one of the resistances for simultaneously 
varying the effect of the latter resistance by 
equal increments, one of said resistances be 
ing greater than the impedance of said in 
put circuit, said resistances exhibiting a mag 
nitude substantially equal to the impedance of 
said input circuit. - 

3. A potentiometer interconnecting an in 
put circuit and an output circuit, comprising 
two resistances in parallel relationship with 
each other, and two movable arms associated 
with one of the resistances for simultaneously 
varying the potential therebetween by equal 
increments, the resistance with which the 
movable arms are associated having greater 
magnitude than the impedance of said input 
circuit, said input and output circuits hav 
ing at all times substantially constant in 
pedances when viewed from opposite sides of 

4. A potentiometer free from frequency 
discrimination connected across the terminals 
of an input circuit for varying the voltage 
of said input circuit applied to an output cir 
cuit, comprising two resistances each of great 
er magnitude than the impedance of said in 
put circuit, and means for maintaining said 
potentiometer balanced while varying the 
voltage of the input circuit applied to the out 
put circuit, said means including arrange 
ments for varying the proportion of the po 
tential drop across one of said resistances 
which shall 
circuit. 

5. A potentiometer interconnecting an in 
put circuit and an output circuit, comprising 
two resistances in parallel relationship with 
each other, one of said resistances being 
grounded at its midpoint, and two movable 

be delivered to said output 
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arms associated with the other of said resist 
ances for simultaneously varying the voltage 
between said arms by equal increments, the 
latter resistance being greater than the im 
pedance of said input circuit. 

6. A potentiometer interconnecting an in 
put circuit and an output circuit, comprising 
two resistances in parallel relationship with 
each other each being greater than the im 
pedance of said output circuit, two arms asso 
ciated with one of said resistances, and means 
to simultaneously move said arms in order to 
vary the voltage set up by said latter resist 

t 

ance equally and in opposite directions, said 
resistances being so related that the imped 
ance, looking from the input circuit to the 
output circuit equals the impedance looking 
from the output circuit to the input circuit. 

7. A system for controlling the propor 
tion of the voltage of an input circuit ap-s: 
plied to an output circuit within a predeter 
mined range, comprising an adjustable re 
sistance of greater impedance than that of 
said input circuit and an artificial line in 
cluding equal series resistances and equal 
shunt resistances, said adjustable resistance 
and said artificial line being connected be 
tween said input and output circuits, said 
predetermined range of voltage variation 
depending upon the loss introduced by the 
artificial line. . . . . . . . 

8. A potentiometer interconnecting an in 
put circuit and an output circuit, compris 
ing two resistances in parallel relationship 
with each other, one of said resistances be 
ing greater than the impedance looking into 
said input circuit, means for adjusting the 
potential impressed on the output circuit by 
the input circuit, and an artificial line inter 
posed between the parallel resistances and 
the input circuit, said artificial line includ 
ing two equal series resistances and two equal 
shunt resistances and being employed for 
shifting the limits of voltage variation of 
said parallel resistances to other limits in the 
voltage spectrum. . . . . . . . 

put circuit and an output circuit, compris 
ing two resistances in parallel relationship 
with each other, each of said resistances be 
put circuit and each being so proportioned 

Rt. 

in 

t p 

a 

. A potentiometer interconnecting an in 

ing greater than the impedance of said in 
with respect to the other that their imped 
ing into said input circuit, means for adjust 
ing the potential impressed on the output cir 
cuit by the input circuit, and an artificial line 

ance elements, said artificial line introducing 
a loss of predetermined magnitude between 
the input circuit and the output circuit. 

10. A potentiometerinterconnecting an in 

ance substantially equals the impedance look 
Eign 

interposed between said input circuit and 
said two resistances in parallel relationship, 
said artificial line comprising equal series (i. 
resistance elements and equal shunt resist 
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put circuit and an output circuit, compris 
ing two resistances in parallel relationship 

O 

5 

with each other, the joint impedance of said 
resistances being equal to the impedance of 
said input circuit said resistances individual 
ly exhibiting greater magnitudes than theim 
pedance of said input circuit and their com 
bined impedance terminating said input cir 
cuit without introducing reflection, means 
for adjusting within predetermined limits in 
the voltage spectrum the potential impressed 
On the output circuit by the input circuit, and 
means comprising equal series impedances 
and equal shunt impedances for shifting said predetermined limits in the voltage spec 
trum to other limits therein. 

11. A system comprising two parallel re 
sistances, one resistance being grounded at 
its midpoint, two movable arms associated 
with the other resistance, the latter resistance 
being greater in magnitude than the imped 
ance of the circuit containing the source of 
energy and being so proportioned with re 
spect to the first resistance that their com 
bination terminates said circuit, containing 
said source of energy without the introduc 
tion of reflection, each varying its effective 
potential magnitude equally with respect to 
the terminals of said resistance, and an arti 
ficial line comprising equal series resistance 
elements and equal shunt resistance elements, 
said system being substantially free from un 

85 

balanced currents. 
12. A system for adjusting voltage within 

predetermined limits of variation without 
frequency discrimination, comprising two 
parallel resistances one of which is adjust 
able and has a greater impedance than the 

As 

circuit transmitting energy thereto, and an 
artificial line including equal series resist 
ances and equal shunt resistances, the loss 
characteristic of the artificial line determin 
ing the limits of variation of the voltage. 

13. A system for interconnecting an in 
put circuit and an output circuit suitable for 
adjusting the voltage of the input circuit to 
be applied to the output circuit, comprising 
two parallel resistances and a resistance ar 
tificial line, said parallel resistances being 
individually greater than the impedance of 
said input circuit, the parallel resistances be 
ing so related that the impedance of the sys 
tem viewed from the input circuit substan 
tially equals the impedance of the system 
viewed from the output circuit. 

14. A system for interconnecting an input 
circuit and an output circuit suitable for ad 
justing the voltage of the input circuit to be 
applied to the output circuit without the in 
troduction of noise, comprising two parallel 
resistances each of greater magnitude than 
the impedance of said input circuit and joint 
ly terminating said input circuit without re 
flection, and an artificial line including equal 
series resistances and equal shunt resistances 

5 

and introducing a loss of predetermined mag 
nitude. 

15. A system interconnecting an input cir 
cuit and an output circuit, comprising two 
parallel resistances, one resistance being 
grounded at its midpoint, means for simul 
taneously varying the effective magnitude 
of the other resistance by equal increments 
with respect to its terminals, the latter re 
sistance being of a predetermined magnitude 
which is greater than the impedance of said 
input circuit, a balanced artificial line, means 
whereby said system is rendered substantial 
ly free from eddy currents. 

16. A system interconnecting an input cir 
cuit and an output circuit, comprising two 
parallel resistances, one resistance being 
grounded at its midpoint, means for chang 
ing the effective magnitude of the other re 
sistance by equal increments with respect to 
its terminals, the total magnitude of the lat 
ter resistance being greater than the im 
pedance looking into said input circuit, an 
artificial line having equal series elements 
and equal shunt elements, and means where 
by said system is rendered substantially free 
from eddy currents. 

17. A balanced potentiometer interconnect 
ing an input circuit and an output circuit 
for varying the gain of the output circuit, 
said potentiometer having two parallel ele 
ments of resistance each having an impedance 
greater than that of the input circuit and 
being so proportioned that the impedance 
presented to the output circuit substantially 
equals the impedance of the input circuit, 
said potentiometer presenting to the output 
circuit an impedance which increases to a 
small extent above a definite value and de 
creases below that value as the loss increases, 
the maximum departure from said definite 
value being within predetermined limits. 

18. A potentiometer substantially free 
from frequency discrimination, comprising a 
plurality of parallel resistance elements 
bridged across a telephone line, one of which 
is greater than the impedance of the tele 
phone line, said resistances conjointly exhibit 
ing an impedance equal to that of the tele 
phone line, and means for adjusting the gain 
of the potentiometer, said means comprising 
two arms and arrangements to move said 
arms simultaneously over one of said resist 
ances to vary the portion of the resistance in 
cluded therebetween in such a way that the 
portions of the resistance not included be 
tween said arms remain equal. 
In testimony whereof, I have signed my 

name to this specification this 2nd day of 
July, 1926. 

LEWIS L. BOUTON. 
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