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My invention relates to Wave transmission different signal level adjustments of the ad 
justable controls. Certain circuit apparatus systems and more particularly to variable-at 

tenuation networks useful in the combination. 
or distribution of electric signal waves repre 
senting speech, music, or other subject matter. 

in systems of the above character a plu 
rality of electrical signal channels are em 
ployed which are capable of handling waves 
of a relatively wide frequency range and 
which are operated simultaneously in connec 
tion with a cominon circuit, device or channel. 
Such a system, when used for combining sig 
nal waves, may include a plurality of audio 
frequency signal channels, each of which is 
connected with a source of signals, such as a 
microphone, pickup, amplifier, or the like, 
with means for combining the outputs of the 
Several channels into a common channel. 
Such a system for distribution of signal 
waves may include a common source of audio 
frequency signals, for example the output of 
an amplifier, with means for distributing said 
output into a plurality of channels, as in chain 
broadcasting where a program originates 
from a central studio and is transmitted by 
wires to a number of stations. Heretofore, 
in systems with which I am familiar, the out 
put of such an amplifier has been fed into a 
single resistor from which several channels 
have been supplied, each channel employing 
a separate amplifier. . . . . . 

In recording or broadcasting, using pick 
ups or microphones, it has often been neces 
sary to use a plurality of microphones located, 
respectively, at the different points from 
which sound is to be picked up. This ar 
rangement, is used to increase the ratio of 
desired signals to interference or background 
noise and to obtain certain acoustic effects. 
it is sometimes desirable to utilize filters in 
the several channels, respectively, to obtain 
different ratios of low and high audio fre 
quencies. . . . 

Heretofore, multiple channel systems of 
the types above described and with which I 
air fairiliar, have not been designed, among 
other things, to maintain constant loads upon 
the incoming channel or channels, giving a 
resilitant non-liniform fidelity of transmission 
or frequency characteristic distortion for the 

previously used included coupling tubes and 
transformers with the necessary added bulk 
of equipment, such as power supply appa 
ratus, and with the added disadvantage of 
grid circuit pickup, of interference and stray 
coupling, as well as the difficulty of obtaining 
signals of extremely low amplitude adjust 
ments. - . . . . . 

Accordingly, an object of my invention is 
to provide an improved, simplified and effec 
tive system for combining the outputs of a 
plurality of branch or incoming signal chan 
nels into a common circuit or outgoing 
channel. : 

Another object is to provide in the system. 
described immediately above, individual 
means for effectively controlling the output 
signal amplitude from each incoming chan 
nel without affecting the impedance of any of 
the other channels, or without affecting the 
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respective signal intensities from any of said 
other incoming channels. . . 
Another object of my invention is to pro 

vide a system of the above character which is 
adapted to distribute signals from a source 
or incoming channel into a plurality of out 
going branch channels. 
Another object is to provide in the system 

described immediately above, including an 
individual attenuator in each branch channel, 
so arranged or designed as to have, when 
varied, substantially, no effect on the ampli 
tude level or frequency characteristics of any 
of the other channels. . . . . . . . . . 
Another object of my invention is to pro 

vide in the common channel in the above sys 
tems. a variable attenuator for adjusting 
the signal amplitude in said common channel 
without changing the fidelity of the system 
or the ratio of the signal intensities from or 
in the branch channels. 
Another object of my invention is to pro 

vide an attenuator for amplitude adjustment 
in connection with the transmission of signals 
in each of several associated signal channels, 
adapted to variably control the attenuation 
of each channel and to maintain substantial 
ly a constant load on the channel. So con 
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trolled, and thereby to prevent change in 
the frequency characteristics or fidelity of 
the channel. 
A further object of my invention is to 

provide, in systems of the above character, 
means for the purpose of obtaining certain 
desired frequency characteristics in or among 
said channels or circuits. 
In accordance with my invention, I pro 

vide an attenuator for amplitude adjustment 
in connection with transmission of signals in 
each of a plurality of associated channels, 
with a suitable resistance or in sedance eie. 
ment connected in shunt with each of said 
attenuators and at one end of the channel. 
The channels are then connected together in 
combination with a common channel, said 
resistance elements being connected in se 
ries relation across said common channel. 
Each of said elements, in addition to being in 
shunt with its particular channel, is ef 
fectively in parallel with the rest of the sys 
tem external of said channel and connected 
therewith, and is of such a value that the 

3 combined impedance of said element and the 
rest of the system properly loads its asso 
ciated variahle attenlator. 
The invention will, however, be better un 

derstood, and other objects of my invention 
will become evident from the following de 
scription when taken in conjunction with 
the accompanying drawing, to which atten 

A r 

tion is now directed. 
In the drawing, 
Fig. 1 is a circuit diagram of a signal at 

tenuator or attenuation network, for a mul 
tiple channel signal transmission system, em 
bodying my invention 
Fig.2 is a detail of the circuit shown in 

Fig.1 for the purpose of illustrating cer 
tain principles of operation; 

Fig. 3 is a circuit diagram illustrating 
a modification of the control network of 
Fig. 1; and s 

Fig. 4 is a similar circuit diagram illus 
trating a further modification. The signal amplitude, in a combining sys 
ten, from each branch channel may be adjust 
ed by an attenuation network in its output, without affecting the impedance of or signal 
amplitude from any other branch channel, provided the output impedance of each sig 
hal source on the input of each network and 
chaniel is of protes valie with respect 

5 to the design of the network and channel 
that the impedance, looking into the network 
from the output end, remains substantially. 
constant for all adjustments. ... 

Referring to Fig. 1, a plurality of incom 
ing signal channels or circuits are repre 
sented at 1 and N, each having its input con 
nected with a signal current source of vary 
ing frequency indicated at 7 and 8, respec 
tively. The usual system which I ordi 
narily employ includes four channels, of 
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which two are shown in the present example 
by way of simplifying the drawing. The 
signal sources may each include a micro 
phone, a pickup, or other signal generating 
device indicated at 9, together with a suit 
able amplifier, not shown. The respective 
generating devices may be different in kind 
or design in some cases. The output imped 
ance or resistance of each source is reira 
sented by a series impedance A therein. This 
impedance comprises the internal impedance 
of each signal source, and in the present case. 
of the system which I have designed and 
built, it includes auxiliary series resistance 
added to adjust the output impedance of 
each of said sources to a value which provides 
a proper load upon the input of each of the 
attenuating networks 11 and 12 and respec 
tive channels. 
Although I have in the present case dis 

closed the use of auxiliary resistance in Se 
ries at the source of signals to bring up the 
impedance thereof to the proper desired 
value, any other means, such as a trans 
former, may be used. It is possible to de 
sign the attenuator to conform with the 
actual impedance of the source of signals. 
However, in such a case the impedance load 
On one end of the attenuator would then in 
many instances be different from that on the 
other end, necessitating designing the series 
arms of the attenuator with different resist 
ance values or characteristics and with the 
introduction of certain objectionable fea 
tures, particularly in connection with the 
maximum amplitude adjustment of the at 
tenuator. 
The output of a frequency source may be 

controlled, without affecting the frequency 
characteristics or fidelity, by means of a vari 
able attenuation network, provided the load 
impedance or resistance on the source is main 
tained constant. For this purpose, in the 
output of the branch channels 1 and N are 
provided, respectively, attenuators of the con 
stant impedance type, properly designed with 
respect to the output impedance of said source, 
together with means for properly loading 
each attenuator on the output end thereof. 
To insure that the input impedance of each 

attenuator 11 and 12 may remain constant 
when a plurality of these channels and their 
attenuators are connected as shown, I have 
provided on the output side of each T net 
work in each channel to be so combined with 
the other channels, a shunt resistance or im 
pedance element Z. designed to provide, with 
the external circuit impedance, an impedance 
of a value to properly load the output of the 
attenuator. These shunt elements Z, with 
their associated channels, are connected in 
series relation, as indicated by the connection 
18, which is shown as a dotted line to indicate 
that any number of channels maw be added 
in series with channels i and N. Each of the 
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elements Zis in shunt not only with its asso 
ciated attenuator and channel but also with 
the external circuits, namely the output chan 
nel 19 and the other input channel or chan 
nels, in combined series relation. This factor 
is taken in consideration in the calculation 
of the size of the element Z. . . . 
The attenuators, namely 11, and 12, may 

each comprise three continuously adjustable 
resistance arms 13, 14 and 15 arranged to 
form a T type network, although any suit 
able adjustable network, for example the H 
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type, may be used. Only the main resistance 
arm 13, connected in shunt in the channel, is 
in the present case electrically tapered, and 
series resistors 14 and 15 may also be tapered 
if desired, although for simplicity of design 
I have not done so in this case. ... As indicated 
by the dotted lines, the resistance arms are 
arranged to be varied simultaneously by a 
common means in such manner that as the re 
sistance arm 13 decreases in value, the series 
arms 14 and 15, increase in magnitude. In 
the particular apparatus that I have designed 
and built the series arms 14 and 15 are pref 
erably equal in value during all settings for 
reasons which follow. The theory and op 
eration of a network will be more fully 
described later, particularly in connection 
with Fig. 2. . . . 
For a more detailed explanation of the op 

eration and design of an attenuation network 
of the type, used in the above system, ref 
erence is had to Fig. 2. Generally, the arms 
of an attenuation network of the constantim 
pedance type can be so designed that the re 
sistance looking into one end of the attenu 
ator is R. indicated by the arrow, when the 
other end is loaded with a resistance R', and 
the resistance looking into said other end is 
R' when the first mentioned end is loaded 
with a resistance R. In the present case, 
however, the resistance R and R'' are made 
equal. as above mentioned, and they may be 
represented by R in the following discussion. 
The resistance R, therefore, of such a net 

work is the resistance looking into either end 
when the other end is loaded with a resistance 
R. If the desired ratio of input to output 
voltage is K and the load resistance on each 
end of a type network equals R, the values 
of the arms R1,R2 and R3 of the section are: 

K-1 
R1-R2-Richi () 

2K a 
R3-?erie, (2) 

An advantage of designing a system having 
the loads on both sides of the attenuator equal 
is that the variable resistors R1 and R2 are 
similar, and equal in resistance throughout 
the adjustment of amplitude, as above men 
tioned. This permits a maximum amplitude 

5 adjustment because of the fact that both series 

3 

arms R1 and R2 can be adjusted to a zero. 
value simultaneously. Otherwise, one arm 
would be zero while the other is a 
in series in the line. 
For the purpose of simplifying the opera 

tion and control of my improved system, an 
overal control network or attenuator 20 is 
preferably used in the common outgoing; 
channel or circuit 19 and comprises a variable 
control resistor 21 across the channel, and 

finite value, 
70 

is 
series variable resistors 22 and 23 on the in 
put and output sides, respectively, of the con 
trol resistor 21. The total output load is rep 
resented by an impedance or resistor W, usu 
ally in the form of a recording system physi 
cally separated and distant from the mixing 
system, and connected with the output ter 
minals 25 of the outgoing channel 19 by leads. 
of desired length indicated at 26. The re 
quirements and reasons for the design of the 
attenuator 20 are similar to those in connec 
tion with the attenuators 11 and 12, and a 
more detailed disclosure will appear further, 
O. . 

A frequency filter 27 is ordinarily em 
ployed in association with the mixing sys 
tem, preferably connected in the common 
outgoing channel, although in some cases it 
is desirable to insert a filter in any or all of 
the other channels. The filter shown is of 
the high-pass type, e. g. With a cut-off at 
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about 100 cycles, particularly adapted in 
the case of motion picture sound recording 
to reduce interfering noises. In some cases 
it is desirable to employ a filter of the low 
pass, or one of the band-pass type, or pref 
erably, to provide several types, using a 
switching arrangement, suich as that disclosed 
by Fetter 1735.742, for selection of the de 
sired filter circuit. Such an arrangement is 
shown in Fig. 3. The filter shown in Fig. 1 
comprises a series impedance element, e.g. 
one or more series condensers 28 and 29, with 
a shunt impedance element or choke coil 30 
connected to one side of the channel at a 

adapted to be connected across the channel. 
A simplified switch 31 is provided for readily 
cutting the filter into or out of circuit. From 
an inspection of the circuit, diagram, it will 
be seen that when one blade of the switch 
makes contact with the lower end of the choke 
27 at a point 32 of the switch, the filter is in 
the operating condition. When the switch 
is thrown so that the other blade contacts 
with a point 33 of the switch, the condensers 
28 and 29 are short-circuited and the choke 
coil 30 is open-circuited, and therefore, the 
filter is effectively out of the circuit. 

Referring to Fig. 3, a plurality of unitary 
or group systems, each similar to that de 
scribed in connection with Fig. 1, are ar 
ranged to be combined into a single outgoing 
channel 35. Across each unitary outgoing 
channel 19, preferably containing the atten 
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uation network 20, is connected an imped 
ance of substantially fixed magnitude Z' 
whose value is determined in a manner sim 
ilar to that in the design of impedance Z in 
Fig. 1. An overall variable attenuation con 
trol device 37, composed of resistance arms 
38, 39 and 40, is connected in said common 
output for convenience of operation. In this 
manner the output of the two unitary systems 
shown may be combined and controlled, the 
final outgoing circuit or channel having out 
put terminals 41 connected with any suitable 
device or load W for receiving the output, 

It is frequently desirable to place a pickup 
device in or near the orchestra in an audi 
torium and to place another pickup device 
near a performer or the stage. In such a 
case it may be desirable to obtain a different 
filtering effect in each of the associated 
branch circuits. When operating a mixing 
system using a simple filter and switching 
means like that shown in Fig. 1, each branch 
channel, it is possible if desirable, to throw 
out of circuit the filter in one branch while 
leaving the filter in the other branch, there 
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by obtaining a different frequency response 
in the two branches shown and a resultant 
modified frequency characteristic in the com 
mon outgoing channel. 
In some cases a greater flexibility of fre 

quency characteristic adjustment would be 
desired than could be obtained with the above 
simple filter arrangement, for the purpose of 
obtaining certain desired acoustic effects. I 
therefore have modified the circuit of Fig. 1, 
shown as a part of the combined system of 
Fig. 3, by the inclusion of a section of the 
more elaborate filtering arrangement of a 
type disclosed by the above mentioned Fetter patent, but slightly modified. In each of the 
branches 19 and 19’ is included in series in 
the line, an inductance element 24 and con 
denser 16, and in shunt relation with each 
branch is an inductance element 17 and con 
denser 10. Although for purposes of sim 
plification I have shown merely a half sec 
tion filter comprising but two arms of the fil 
ter disclosed in the Fetter patent, above men 
tioned, any number of filter arms may be em 
ployed. 
The switching device 36 is adapted to 

throw these elements into various combina 
tions giving low-pass, band-pass, and high 
pass filtering depending upon the position of 
the switch, as indicated by the location of 
the pointer 5 in relation to points 2, 3, 4 on 
the scale, respectively. Additional contacts 
6, corresponding with point 0, have been pro 
vided for removing the filter from either or 
both channels if desired. It is obvious, for 
example, that the operator may adjust the 
filter in branch 19 to give a low-pass action, 
as indicated by the pointer 5 on point 2 while 
adjusting the filter in branch 19 to give a 
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high-pass effect, as indicated by the pointer 
on point 4. - 

I have illustrated in Fig. 4 a slightly modi 
fied and simplified construction of a control 
network or attenuation device which may be 
used to advantage in combination with the 
above system. shunt resistor 43 is vari 
able as in the above cases, but series resistors 
indicated at 44 and 45 are fixed. Across the 
latter two is bridged a single variable re 
sistor 46 which serves to effectively vary the 
series line resistance, the fixed resistors 44. 
and 45 serving merely as a potential divider 
in the channel or line with respect to series 
resistor 46. Since it is frequently desirable 
to employ H pads as the attenuation devices, 
the foregoing arrangement has particular 
utility in that only three variable elements 
are necessary instead of the usual five. In 
such a case resistors 47, 48 and 49, correspond 
ing to resistors 44, 45 and 46, respectively, 
are placed in like positions in the other side 
of the channel or line. The same arrange 
men could be used to advantage in any or all 
of the individual channels. This effects a 
considerable reduction, for purposes of manu 
facture, of the number of variable elements, 
having a common actuating means, resulting 
in but two variable controls for a variable 
T pad and but three for a variable H pad. 
For a fuller understanding of my im 

proved system, referring to the symbols in 
the drawing, let: 
N = number of channels whose outputs are 

to be combined. 
A=Resistance or impedance of the gener 

ator or source of potential feeding into the 
T network or variable attenuator of each 
branch channel; also the resistance R of 
the T network in each channel looking into 
this network from either end. 
Z= Shunting resistance or impedance 

across the output of the T network in each 
channel. 
Y=Resistance or impedance of A and Z 

above in parallel. 
W =Resistance of the T network or vari 

able attenuator used for overall volume con 
trol, looking into one end of the network 
in the direction of the load W., as indicated 
by the arrow from W. 
M=Resistance of the T network or device 

used for overall volume control, as viewed 
from load W or output terminals of chan 
nel, indicated by the arrow at M. 
The resistance Y will remain constant for 

all attenuations of the incoming channel, 
and therefore varying the attenuation of one 
of the incoming channels will not affect the 
attenuation of any of the other incoming 
channels. 
The load on each input circuit or signal 

source will not change if its associated vari 
able attenuation constant impedance network 
is properly loaded by impedance comprising 
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the resistance Z in parallel with the external circuit impedance represented by 
Y(N-1)+W. 

s - ZY(N- 1) + W 4-5 vipityiz (8) 
AZ 

Y= f(z (4) 
Combining (3) and (4) 

Z=NA 

-W(NA+ 2W)- SAW 2A(N3) FW) (5) 
W on the outgoing channel 19, does not have 
to be designed to equal the load W, the values 
of N, A and W can be substituted into equa 

20 tion (5) and the value of the loading resistor 
condition where it is permissible to supply 
power to a load without the effective resist 
ance in series with the load remaining 
constant. 

If several of the above combined outputs 
are to be further combined into one overall 
common channel and the load is of such a 
nature as to require a constant effective series 
resistance, it is obvious that M must equal W 
and remain constant. This imposes the con 
dition that: 

25 
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W=NY (6) 
Solving (3), (4) and (5) 

A-W-1) () 
W and N known. . 

W(2N-1) Z-wavi, (8) 
AN2 

W= 2N-1 (9) 
A and N known. - 

. AN - 

Z= 2 (10) 
It should be noted that the last imposed 

condition makes it possible to choose only 
two of the variables in the system. If three 
variables must be chosen and the last imposed 
condition exists, it will be necessary to use a 
transformer device in the outgoing channel, 
either before or after the overall control 
attenuator. . 

Although Fig. 1 shows but two channels, 
in actual practice have employed four chan 
nels, each having a capacity microphone and 
an amplifier. It was desirable to have the 
input to the recording amplifier at W, not 
shown, equal 500 ohms, so that for four chan 
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nels W equals. 500 ohms and N equals 4. 
From Equations (7) and (8) A equals 219 

65 ohms and Z equals 292 ohms. 

If the resistance M, looking from the load 

5 

nal generating device 9 employed at the sig 
nal source is 125 ohms. Therefore a series 
resistance of 219 minus 125 ohms, or 94 ohms, 
must be added, to make the output of said 
Source or the input resistance to each attenu atop equal to A. This means that the pickup 
amplifier circuit has a constant load of 219 
plus 94 or 313 ohms. 

Referring to Fig. 3 where two of the above 
systems are to be combined, and in the par 
ticular case where M' does not have to equal 
W. Equation (5) can be used to solve for Z", 
in which case 

N = 2 
A = W = 500 ohms 

then Z = 1212 ohms 
Although the above described embodiments 

o of my invention have been shown in an ar Z determined. This is satisfactory for any rangement for combining or mixing electric 
signal waves from several different channels 
or sources, substantially the same system may 
be reversed and used as a distribution system 
from a single input channel; for example in 
Fig. 1, W may represent the impedance of a 
source of signal waves and the blocks 7 and 8 
may represent Suitable output devices having 
each a load resistance A. A similar reversal 
of parts may be made in the combined system 
shown in Fig. 3. 
in the case of distribution of waves, the 
impedance elements Z, in Fig. 1, are of such 
value together with the effective impedance 
of the other channels in circuit therewith 
as to maintain constant the effective series 
resistance in each outgoing channel. This 
will maintain the fidelity of the system inde 
pendent of the settings of the variable at 
tenuators. 
To insure independent operation of the 

several attenuators in the system when adapt 
ed to distribution of signals, it is desirable 

The effective output impedance of the sig 
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that resistance A, now the load on the out 
put end of the attenuator and channel, be of 
proper value with respect to the design of the 
attenuating networks 11 and 12 and the chan 
nels respectively, that the resistance looking 
into the attenuator from the other end of 
the attenuator, remain constant. To preserve 
fidelity of transmission in the system when 
used for distribution it is desirable that the 
load on W, now the source of signals, be 
maintained constant. Substantially the same 
novel features of design embodies in the com 
bining system apply in the case of the system 
used for distribution of signals. The changes 
in the system and elements therein will be 
readily obvious to those skilled in the art. 
While I have disclosed my invention in 

connection with embodiments in combining 
and distribution systems, it has utility in 
correcting systems of the type disclosed for 
example by Mathes 1,311,283 where the in 
coming electrical waves, as in a channel, are 
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separated into a plurality of bands of differ 
ent frequency ranges or components in a 
plurality of channels for selective treatment, 
and are then recombined into a common out 
put circuit or channel. 
With the above described system embody 

ing my invention, it is possible, in a channel 
combining system, to adjust the current cor 
responding to the intensity of sound at any 
of the pick-up points without varying the 
currents from any of the other points and 
without changing the frequency characteris 
tics of the channels carrying said currents. 
Furthermore, the same general result is ob 
tained in a distribution system, e. g. a chain 
boardcast system of the type above men 
tioned, or the like, that is, the signals set out 
to any one of the chain stations may be varied 
in intensity or character without affecting 
the amplitude level or frequency characteris 
tics of signals sent out to any of the other 
stations. 

I claim as my invention: 
1. In a wave transmission system, the com 

bination with a plurality of branch channels 
and a common channel therefor, of a vari 
able attenuator in the output of each branch 
channel, and an impedance element in shunt 
across the output of each attenuator, said 
impedance elements being connected in series 
relation to each other and across the input of 
said common channel, the combined imped 
ance of each of said elements and that of the 
total exterior circuit in shunt therewith be 
ing such as to properly load its associated 
attenuator, whereby the fidelity of transmis 
sion of said channels remains constant. 

2. In a wave transmission system, the com 
bination with a plurality of branch channels 
and a common channel therefor, of an ad 
justable attenuator connected in each of said 
channels and arranged for controlling the 
amplitude of waves therein while maintain 
ing the fidelity of transmission in said sys 
tem constant, an impedance element con 
nected across one end of each branch chan 
nel and in shunt relation with the attenuator 
therein, the combined impedance of said ele 
ment and that of the external circuit con 
nected in shunt with each branch channel 
being such that the load upon the other end 
of each of said branch channels remains sub 
stantially constant for all adjustments of said 
attenuators, 

3. In a multiple channel signal transmis 
sion system for combining the signal outputs 
of a plurality of audio frequency sources into 
a common output circuit, the combination of 
a signal attenuator of the constant imped 
ance type connected in the output of each of 
said sources, the output impedance of each 
of said sources being so related to the im 
pedance of its associated attenuator that in 
dividual adjustments in the amplitude of 
signals from any one of said sources has sub 
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stantially no effect upon the amplitude of 
signals from any of the other sources, and 
means associated with each of said attenu 
atol's for maintaining constant load on each 
of said sources, respectively. 

4. In a multiple channel signal transmis 
sion system for combining the signal outputs 
of a plurality of audio frequency sources 
into a common output circuit, the combination 
of a signal attenuator of the constant im 
pedance type connected in the output of each 
of said sources, the output impedance of each 
of said sources being so related to the im 
pedance of its associated attenuator that in 
dividual adjustments in the amplitude of sig 
nals from any one of said sources has sub 
stantially no effect upon the amplitude of sig 
inals from any of the other sources, and means 
for preserving fidelity of transmission con 
stant comprising an impedance element of 
fixed value connected in shunt across the out 
put of each of said attenuators, said fixed 
impedance elements being connected in series 
relation to each other and across the input 
of said common output circuit, whereby a 
Substantially constant load is maintained 
upon each of said sources for all adjustments 
of said attenuators. 

5. The combination as set forth in claim 
4 further characterized by a variable at 
tenuation network of the constant impedance 
type in said common output circuit for over 
all attenuation control. 

6. In a signal distribution system, the com 
bination with a plurality of signal outgoing . . 
channels and of a common incoming chan 
nel, of a variable attenuator of the constant 
impedance type in each of said outgoing 
channels, and impedance element in shunt 
across the input of each of said channels 
and said attenuator, said elements being con 
nected in series relation to each other across 
the output of said common incoming chan 
hel, each of said elements being of such im 
pedance value together with the effective im 
pedance of the other channels in circuits 
therewith as to maintain substantially con 
stant the effective series resistance in each 
of said outgoing channels. 

7. In a signal distribution system, the com 
bination with an incoming channel and a plu 
rality of outgoing channels, of a variable at 
tenuator within said incoming channel for 
varying the signal level from the output of 
said channel, a variable attenuator in each 
of said outgoing channels for individually 
varying the signal level in each channel, an 
impedance element in shunt across the input 
of each of said outgoing channels and in series 
relation with each other across the output . 
of said incoming channel, and an adjustable 
filter associated with said channels. 

8. In a signal transmission system, the 
combination with a plurality of incoming 
channels and a common outgoing channel, of 
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a variable attenuator in the output of each 
incoming channel, a fixed resistor in shunt 
across the output of each of said attenuators, 
said resistors being connected in series rela 

3 tion to each other and across the input of said 
outgoing channel, and a variable T attenua 
tor in said outgoing channel. 

9. In a signal transmission system, the com 
bination with a plurality of incoming chan 
nels and a common Outgoing channel, a mi 
crophone in the input of each of said incom 
ing channels, a variable T attenuator in the 
output of each of said input channels for 

30 

varying the level of signals from said micro 
i5 phone to be impressed upon said output chan 

nel, means for matching the impedance of 
said microphone to that of said attenuator, 
and an impedance element connected in shunt 
across the output of each input channel, said 
impedance elements being connected in series 
relation across the input of said outgoing 
channel. - 

10. In a signal transmission system, the 
combination with a plurality of incoming 
channels and associated signal sources there 
for, and a common outgoing channel, of an 
adjustable attenuator in the output of each 
incoming channel, an impedance element of 
fixed magnitude in shunt across the output 
of each of said attenuators and connected in 
series relation to each other across said out 
going channel, each of said elements being 
of such value with respect to its associated 
attenuator and the external circuit in shunt 
there with as to cause a constant load to be 
maintained on said frequency source for all 
adjustments of said attenuators. 

11. In a signal transmission system, the 
combination with a plurality of channels and 
a common channel associated therewith, of a 
variable attenuator in each of said channels, 
an impedance in shunt relation with each of 
said attenuators, said impedance being of 
such value with respect to the total exterior 
circuit in shunt therewith as to properly load 
its associated variable attenuator, and an ad 
justable filter section in each of a plurality of 
said channels for varying the relative fre 
quency characteristics among the several 
channels. 
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12. In a signal transmission system, the 
combination with a plurality of channels and 
a common circuit associated therewith, of a 
variable attenuator in the output of each of 
said channels, said attenuator comprising a 
variable resistance in shunt with said chan 
nel and variable resistances in series in said 
channel on each side of said variable shunt 
resistance, and means for loading said atten 
uator comprising a resistor of fixed magni 
tude connected in shunt relation with said 
attenuator, said fixed resistor and said vari 
able resistances being relatively so propor 

55 tioned that for all variations of said attenu 

560 

nel system and connected to the output of said 

ator, the load on the input of each of said 
channels remains substantially constant. 

13. In a channel of a multiple channel 
transmission system, a source of waves at one 
end of said channel, and a fixed shunt resistor 70 
at the other end of said channel, a variable 
attendator in said channel between said source 
and fixed resistor comprising a variable shunt 
resistance and a variable series resistance on 
each side of said variable shunt resistance, 75 
said variable resistances being relatively so 
proportioned that for all variations of said 
'attenuator the resistanceR of said attenuator 
is the resistance looking into either end when 
the other end is loaded with a resistance R, 80 
said resistance R on the output, end of said 
attenuator comprising said fixed resistor in 
Farallel with the rest of the multiple chan 
channel. - 85 

... 14. In a channel of a multiple channel 
transmission systein, a source of waves at 
one end of said channel, and a fixed shunt 
resistor at the other end of said channel, a 
variable attenuator in said channel between 90 
said source and fixed resistor comprising a 
variable shunt, resistance and a variable series 
resistance on each side of said variable shunt 
resistance, said variable resistances being 
relatively so proportioned that for all varia- 95 
tions of said attenuator the resistance R of 
said attenuator is the resistance looking into 
either end when the other end is loaded with 
a resistance R, said resistance R. at the input 
end of said attenuator comprising the inter-100 
nal resistance of said source and an auxiliary 
series resistor, and said resistance R on the 
output end of said attenuator comprising 
said fixed resistor in parallel with the rest of 
the multiple channel system and connected los 
to the output of said channel. 

15. In a wave transmission system, the 
combination with a plurality of branch chan 
nels and a common channel therefor, of a 
variable attenuator in the output of each 110 
branch channel, and an impedance element in 
the output of each attenuator, said imped 
ance elements being connected with each 
other and the input of said common channel, 
the combined impedance of each of said ele, ills 
ments and that of the total exterior circuit in 
combination therewith being such as to prop 
erly load its associated attenuator, whereby 
the fidelity of transmission of said channels 
remains constant. 20 

16. In a wave transmission system, the 
combination with a plurality of branch chan 
nels and a common channel therefor, of an 
adjustable attenuator connected in each of 
said channels and arranged for controlling il25 
the amplitude of waves therein while main 
taining the fidelity of transmission in said 
system constant, an impedance element in 
circuit at one end of each branch channel 
and in operative relation with the attenuator. 130 



O 

5 

80 

35 

- 40 

45 

50 

55 

60 

8 

therein, the combined impedance of said ele 
ment and that of the external circuit being 
such that the load upon the other end of 
each of said branch channels remains sub 
stantially constant for all adjustments of 
said attenuators. 

17. In a multiple channel signal trans 
mission system, the combination with a 
plurality of branch channels and a common 
channel therefor, of an adjustable attenuator 
of the constant impedance type connected 
in each of said branch channels and arranged 
for controlling the amplitude of signals 
therein while maintaining the fidelity of 
transmission in said system substantially 
constant, said attenuator in each channel, 
consisting of a variable shunt resistor and 
a fixed resistor on each side of said shunt 
resistor in series in the channel, and means 
including a second variable resistor in shunt 
with both of said fixed resistors for varying 
the series resistance of said attenuator, said 
variable resistors being simultaneously ad 
justable, and means associated with each of 

5 said attenuators for maintaining constant 
load on each of said channels, respectively. 

1,916,187 

18. In a signal transmission system, the 
combination with a plurality of channels and 
a common circuit associated there with, of 
a variable attenuator in the output of each 
of said channels, said attenuator in each 
channel comprising a variable resistor in 
shunt in said channel and a pair of fixed 
resistors in series in said channel on either 
side of said variable shunt resistor, a single 
adjustable means comprising a variable re 
sistor shunting both of said fixed resistors 
for varying the series resistance of said at 
tenuator, means for loading said attenuator 
comprising a resistor of fixed magnitude 
operatively associated with said attenuator, 
said last named fixed resistor and said at 
tenuator resistors being relatively so pro 
portioned that for all variations of said 
attenuator the load upon the input of each 
of Said channels remains substantially con 
stant. 

In testimony whereof, I have hereunto sub 
scribed my name this thirteenth day of May 
1931. 

SIDNEY READ, Jr. 
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