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This invention relates specifically to communi-
cation systems employing s number of sound
reproducing devices and consists particularly of
circuit connections wherein a substantially con-
_ stant impedance network is provided in the vol-
ume control circuit for each sound reproducing
device, so that independent control may be had
to each individual reproducing device without
producing a corresponding effect upon the velume
level in other reproducing devices connected in
parallel therewith through their attenuating net-
work. This invention is intended for use pri-
marily in connection with radio and interphone
communication installations for aircraft where-
in a number of individual headsets are connected
to the common output circuit of the radio receiv-

ing apparatus, or interphone communication cir-

cuit. At the present time there are a number
of attenuation control systems for radio receiv-
ing devices or the like, known to the art, which
present a constant impedance to the receiver
output, but which are undesirable in aircraft
installations because of their size and weight.
These prior art attenuation control systems are
illustrated by the U. S. patents of De Forest,
1,892,935, and Doran, 1,883,624. It is, therefore,
an object of the present invention to provide in
a communicating system for aircraft having an
individual and independent attenuation control
system for each sound reproducing device con-
nected thereto of light weight and reduced size
so as to be particularly adapted for use in air-
craft.

It is a further object of this invention to pro-
vide in a communication system for aircraft hav-
ing superimposed interphone and radio signals,
a variable audio attenuator which will permit in-
dependent adjustment of the radio level in the
various headsets and at the same time permit the
reception of the interphone signal in all of the
headsets. .

It is also an object of my invention to provide
a communication system having a plurality of
headsets connected to different radio receiving
apparatus, each with independent attenuation
control, and with a common interphone com-
munication system connected to all the headsets.

It is also a further object of this invention
to provide a communication system having su-
perimposed interphone and radio signals with
individual volume control of the radio signal to
one or more headsets, which will produce no
change in the interphone level to the same head-

set,
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It is an object of this invention to provide a
system of communication which has at least two
independent signal sources, the outputs of which
are superimposed upon a number of sound repro-
ducing devices, such as headsets or loud speak-
ers, with an individual audio attenuation control
for the reproducing devices in the output circuit
of one of said signal sources which permits that
signal level in that reproducing device to be
varied from a maximum to & minimum without
producing any noticeable effect in the signal
level from the same source upon the other repro-
ducing devices connected in parallel therewith
through their attenuating network, and without
interfering with the reception of the signal from
the other sources in the same headset, although
its level may be affected somewhat.

It is also an object of my invention to provide
a communication system having superimposed in-
terphone and radio signals with an individual
volume control for the reproducing devices con-
nected thereto, the volume control being ar-
ranged so that if the radio signal is increased the
interphone signal is automatically decreased, and
vice versa.

It is also an object of my invention to provide
a communication system having both radio and
interphone signal sources, with volume control
means which permits the volume to be adjusted
so that the level from both the radio and inter-
phone source is increased or decreased together.

It is a further object of this invention to pro-
vide a communication system having a plurality
of independent signal outputs with plural head-
sets and individual attenuation controls there-
for, arranged so that the signal from both
sources may be received in one headset, while
the signal from only one source may be audible
in the other headset. .

With the foregoing and other objects in view,
the invention consists in the construction, com-
bination and arrangement of parts hereinafter
described and illustrated in the drawings, in
which:

Fig. 1 is a wiring diagram showing the con-
nections for a plurality of headsets in parallel
with the output of a radio receiver, amplifying
dgvice or the like, shown symbolically as collector
rings;

Fig. 2 is a wiring diagram showing a modifica-

‘tion of Fig. 1;

Fig. 3 is a wiring diagram of a further modifi-
cation of Fig. 1;

Fig. 4 is a wiring diagram of the connections
shown in Fig. 1, illustrating how the circuit may




2

be expanded to accommodate more than two
headsets;

Fig. 5 is a wiring diagram showing the con-
nections illustrated in Fig. 1, with the addition of
another signal source indicated generally as col-
lector rings-and’ connected to the same headset
- loads;

Fig. 6 shows a modification of Fig. 5, wherein
independent signal sources are provided: for each
headset load in place of one of the common signal
source illustrated by Fig. 5;

Fig. 7 is a modification of the circuit arrange=
ment shown in Fig. 6, wherein an additional
headset load and its volume control circuit is
added to the output of one of the signal sources
indlicated in Fig. 6;

Fig. 8 is a modification of Fig. 7 wherein a
separate signal source is added to supply the ad-
ditional headset load.of Fig. 7;

Fig. 9 shows a:circuit arrangement siml]aar to
Fig: 5, with the:adidtion of a variable resistance
in the:output circuit ‘of :the added signa.l source
of Fig..5;

Fig. 9A ShOWs o modification of the circuit ar-
rangement illustrated. in Fig. 9, showing the con-
tact arms of- the variable resistance elements
connected together: :mechanically and arranged
so that an increase in the series resistance from
one signal source, causes a decrease in the series
resistance -in -the: output circuit of the ‘other
signal source;

Fig. 9B-is a.further modlﬁcation of Fig. 9A;

Fig. 9C is a modification of the control circuit
illustrated in Fig. 9, arranged so that an increase
or decrease in .the series resistance from one
signal source will ‘also cause an increase or de-
crease’in the series resistance of the other signal
source;

Fig. 9D is o modification of Fig. 9C;

Fig. 10 is'a modification of Fig. 1;

Fig. 11 is 3 modification of Fig. 1, showing dif-
ferent variable resistance elements with the con-
tact arms of each conhected together mechani-
cally;

Fig. 11A is a modification of Fig. 11, showing
the ‘addition of another common signal source
with a:variable resistance in the output circuit.
The contact arms of the series resistance ele-
ments in the different sources are connected to-
gether mechanically, so that an increase or de-
crease in one causes-a decrease or increase in
the other;

Fig. 11B is a modification of Fig. 11, showing
circuit arrangements wherein the contact arms

to the resistance elements connected in the out- ;

put circuit of the different sources are arranged
so that as the resistance connected in series with
one source is increased or decreased, the resist-
ance connected in series with the other source
is also automatically increased or decreased;

Fig. 12 is'a modification of Fig. 1;

Pig. 13 illustrates circuit connections showing
an arrangement wherein: the output from two
signal sources may be received in single headset,
while the output of only one of the signal sources
may be audible in the other headset; and

Fig. 14 is a modification of the control circuits
of Fig. 13. .

This mventmn in its broadest and most slmple
form is illustrated generally by Figs. 1, 2, 3, 10,
11 and 12. In Fig. 1 there is shown a suitable
source of E. M. F\. illustrated diagrammatically
as-.a pair of collector. rings; however, in actual
practice this E. M. F. source may be any source
of power, such as a transformer winding or the
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output circuit of a radio receiving apparatus,
or interphone communicating system. The two
controlled load devices shown symbolically in the
illustrated embodiments as headsets HS{ and
HSa, are each connected to this source of E. M. F.
E{ through a variable series resistor R2 and Rb,
respectively. A second resistor R3 and Re is
connected in shunt across each headset load
HSI and HSa. These resistors R3, Re, R2 and
Rb are all variable resistance elements and may
be of the type known to the trade as a “taper
potentiometer.” In determining the value of
resistance R3 or Rc the designer must take into
consideration the characteristics of their par-
ticular headset or other load. For example, if
the impedance ratio R3 to HSI or Re¢ to HSa is
too high, the control characteristics will not be.
smooth, since the impedance of the network will
then vary greatly with different settings of the
controls; while if the ratio is too low, an exces-
sive amount of incoming power is wasted in heat-
ing the shunt resistance elements R3 and Rec.
The proper impedance ratio is determined be-
tween these two extremes to give a fairly con-
stant impedance with small power loss.

The adjustable contact arm to the resistance
element R2 is connected to the point m, the junc-
tion point of the connections to Ri, HS1, and R3.
Likewise the adjustable contact arm of the resist-
ance element Rb is connected to point 7, which
is also the junction point of the connectors for
Rb, Rec and HSa. It is apparent from Fig. 1 that
in one extreme position of the contact arm of
either resistance element R2 or R, the respec-
tive resistance is short circuited.

If resistors Rf and Ra were not employed, the
contact arms of the variable resistance elements
R3 and Rc would be connected directly to the
output terminal of the source of E. M. F. El, so
that in one extreme position either of these con-
tact arms would form a direct short across the
source Ef. In order to prevent such a direct
short circuit, since it is an object of the inven-
tion to obtain a substantially constant imped-
ance network, the padding resistors R{ and Ra
are connected between the source of supply Ei
and the contact arms of the various resistance
elements R3 and Rc, respectively.

When the contact arms of R2 and R3 are in
an extreme position where R2 is entirely shorted
out, and where the arm of R3 contacts point m,
in this position, R1 will also be shorted out by
the contact arm of R2. This constitutes the
position of maximum power from El to the head-
set load HSI since a circuit is completed from EI
to the contact arm of R2, to the parallel circuit
consisting of the load HSI and the resistance R3.
The impedance of such a combination can readi-
ly be determined by means of computations
known to the art. When the contact arms of
R2 and R3 are in the opposite extreme position
where the contact arm of R2 contacts point m
and the contact arm of R3 contacts the resistor
R3 at the end opposite the point m, in this ex-
treme position, which is the position of minimum
power from El to the headset HSH, all of the re-
sistance R2 is connected in series with the par-
allel circuit consisting of the load HS{ and its
shunt resistance R3, while R{ is connected di-
rectly across this series parallel network. The
impedance of the network consisting of HSI, R,
R2 and R3 can be determined by considering
the group consisting of HSI and R3 in parallel,
and this group in series with R2, then with RI
in parallel with the aforesaid series parallel com-
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bination. The impedance of such a combination
may be determined by means of computations
known to the art. With any intermediate set-
ting the power available to HSI may be varied
between extremes and -the impedance of the
group may be calculated by applying Kirchhof’s
laws.

The values of the Ri, R2 and R3 may be chosen
by means of computation as outlined above, so
that the desired conditions of maximum, mini-
mum, or intermediate values of power to HSI
may be obtained without producing excessive
change in the impedance presented to El due
to changing the contacts. Thus it is possible
with the value of these resistance elements
properly computed to obtain a variation of power
to HS! by changing the controls to R2 and R3
without producing any appreciable effect upon
the power available and delivered to HSa.

In like respect the resistance elements Rb and
Rc may be similarly adjusted without producing
any appreciable effect upon the power available
and delivered to HSI.

It should be understood that Ra corresponds
in function to R{, Rb, to R2, and Re to R3S, and
what has been set out above concerning Ri, R2
and R3 applies also to Ra, Rb and Rec.

The impedance network of Fig. 1, as well as
the impedance network of the other embodiments
of the invention herein presented, do not neces-
sarily present an absolutely constant impedance
network to Ef. In fact, it has been found from
actual practice that the change in the volume
control 'in headset HSI, for example, from a
maximum to minimum may produce a variation
in the impedance of the combination HSI, RI,
R2 and R3 of 3 to 1 without producing any ef-
fect upon headset HSa, which would be appre-
ciable to ordinary hearing.

The contact arms to R2 and R3 are in the
preferred embodiment of the invention mechani-
cally coupled together so as to be moved in uni-
son, or, in the parlance of the art, they are re-
ferred to as being “ganged”; similarly, the con-
tact arms to Rb and Rc may also be “ganged.”

It is thus apparent that in the network shown
in Fig. 1, the values of the resistance elements
may be properly selected so that the input to one
headset may be adjusted within wide limits with-

out changing the input into the other headset 3

by an amount which would be appreciably notice-
able to the average hearing.

The circuit arrangements shown in Fig. 1 may
take the form shown also in Pigs. 2, 3, 10, 11 and
12, wherein minor variations have been incorpo-
rated in each circuit, which consists specifically
in details in the connections to the resistance ele-
ments comprising the control circuit of each
headset load. For example, Fig. 2 is nearly
identical with Fig. 1, except that the resistance
elements R2 and Rb are not directly connected
to the points m and n.

In Fig. 3, the control arms for resistance ele-
ments R2 and R3 (Rb and Re¢) do not move in
the same direction as they may in the aforemen-
tioned embodiment, since in this figure the con-
tact arms for resistances R2 and RbV are con-
nected to their respective resistances at the end
opposite the points m and n. Thus, in order to
short out the resistances R2 and Rb the respec-
tive contact arms of each are moved downwardly
to the limit of their movement to point m or n,
while in order to short out resistance element
Rl or Ra the contact arms for resistance ele-
ments R3 and Re, respectively, must be moved
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upwardly to the limit of their movement to points
m and 7 at the same time the other contact arms
are at these points. Thus, a different type of
coupler must be used to “gang” these resistances
than would be provided for the resistance ele-
ments in the above embodiments.

In the modification illustrated by Fig. 10, the
headset HSI and the contact arm to resistance
R2 are connected directly together without con-
tacting the point m. Similarly, HSa and the
contact arm to Rb are connected directly to-
gether without contacting the point n. This
circuit presents a somewhat different impedance
network from that shown in Fig, 1. For ex-
ample, when the contact arms are adjusted to
the position of maximum power delivery to the
headset HSI the resistance elements R{, R2 and
R3 form a series parallel circuit in shunt across
the headset load HS{, with Ri and R2 in parallel,
and in series with R3. The computations of the
impedance network illustrated by the modifica-
tion may be computed by means set out above.

Fig. 12 differs from Fig. 10 only in that R3 and
R2 are not connected together at the point m,
and similarly Rc and Rb are electrically separat-
ed at point n.  The impedance offered by this
network for a setting with the maximum power
delivered to HS{ may be computed by consider-
ing the parallel circuit formed by HSI in one
branch, and RI and R3 in series in the other
branch, with R2 shunted out. In the position
for minimum power delivery to HSi, R2 is in
series with HSI and Rl is in shunt with this
series circuit,

Fig. 11 presents an arrangement of the various
resistance elements wherein the contact arms of
Rl and R3, as well as the contact arms of Ra
and Rc¢ may be tied together electrically as well
as mechanically. In the position for maximum
power delivery Rl and R2 or Ra and Rb are
short circuited by the contact arms of resistance
elements RI and R3 or Ra and Re. In any
intermediate position a portion of each resist-
ance element RI and R3 is connected in series
and forms with R2 a parallel circuit, the com-
bination being connected in series with HS!. A
closed shunt circuit may also be traced from the
source El through the portion of resistance RI
and through a portion of the resistance R3 not
connected in the aforementioned mesh circuit.
It is to be noted also that in this arrangement
R1 and R3 are variable while series resistor R2
is fixed, distinguishing thereby from Fig. 1.

Fig, 4 presents a modification of the embodi-

5 ment illustrated in Fig. 1, and differs therefrom

in that an additional headset load HSA and its
control is provided. This circuit is merely illus-
trative of the manner in which the circuit dia-
grams of Figs. 1, 2, 3, 10, 11 and 12 may be ex-
panded to accommodate more than two head-
set loads. The control for the additional head-
set load comprises the resistance elements RA,
RB and RC, each of which is connected in exact-
ly the same manner as are resistance elements
Ra, Rb and Rec of Fig. 1, and each serve the same
function. The impedance of each of these ele-
ments is also selected so that, as the input to
HSA is varied only a minor effect will be pro-
duced upon the power delivered to the other
loads, which effect is not perceptible to ordinary
hearing. :

Fig. 5 presents a somewhat different embodi-
ment of the invention, the circuit connections
shown herein being similar to those shown in
Fig. 1, except that a second source of E. M. F.
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E2 is provided, one side of which is connected
directly to El, the other side being connected to
each.of the headset loads HSI and HSa through
the series resistance elements R4 and Rd, respec-
tively. The two sources of E. M. F. are again
illustrated diagrammatically as collector rings,
but in one practical application to which this
circuit arrangement is particularly adapted, El
is the output circuit of a radio receiver, and E2
the output of an interphone communicating sys-
tem.
_ Since in this modification an additional source
of power is provided, it is necessary in order to
prevent the adjustment of the attenuatior» to one
load from affecting the power level in the other
load to provide isolating resistors in the circuit
connecting this source to the load devices, In
Fig. 5 (for illustrative purposes only) the con-
tact arms of R2 and R3 are adjusted for maxi-
mum power delivery to HSI while the contact
arms of Rb and Rc are adjusted for minimum
power delivery to HSa. In this position of ad-
justment the voltage drop from Efl to m is ob-
viously different than the voltage drop from EI
to n, since in the attenuation network for HSI,
RI and R2 are shorted out and the potential of
m is substantially that of El; therefore points m
and 7 are at substantially different potentials.
The conductors connecting E2 to each of the
load devices would obviously form a low im-
pedance path for circulating current between
points m and n.. With the attenuation to HSa
high the path for this circulating current would
also include HSa and any further adjustment
of the attenuation to HSI would change the po-
tential between points m and n, thereby chang-
ing the value of the circulating current and
affecting the power level in HSa. In order to
reduce the value of the circulating current in the
closed circuit formed between the points m and n
by the conductors connecting E2 to the respec-
tive headset loads, the isolating resistors R4 and
‘Rd are inserted in series in this closed path, as
is apparent from Fig. 5. Were it not for these
isolating resistors power from El could pass by
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means of the shunt path around the resistor R2 .

through the conductors connecting E2 to head-
sets HSI and HSa onto the headset HSa, thereby
forming a shunt path around the attenuating
network formed by the resistance elements Ra,
Rb and Re, and the power level in HSa would be
affected by the change in the setting of the at-
tenuation in the circuit to HSI. The circuit
formed by R4 and Rd with E2 comprises a rejec-

tion circuit which prevents the power of El from’

reaching HSa and R4, Rd introduce attenuation
between points n and HSI.

In an actual application wherein El is a radio
receiver output and E2 is the output of an inter-
phone communicating circuit, the value of the
resistance elements are selected so that upon
decreasing the level of the radio signal to HSa
to a minimum, by means of the adjustable con-
tact arms of resistance elements Rb and Rc, a
greater response from the output of the inter-
phone communicating circuit will be produced
in the headset HSa. Conversely, increasing the
radio receiver response in HS! by the contact
arms to R2/and R3 results in a reduced response
in the headset HSI from the output of the inter-
phone communicating circuit. It should also
be apparent that this circuit incorporates the
same features of Fig. 1, namely, the adjustment
of the output level of either headset will pro-
duce no noticeable effect upon the output level
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-E2 across the terminals of the headset HSI.
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to the other headset from El. In general, it
may be stated that an adjustment of the con-
trols which results in a decrease in the radio
response to a particular headset, results also in
an increase in the interphone response in that
headset but produces no perceptible change in
the other headsets connected to the radio, and
conversely an increase in the radio response in
8 headset results in a decreased interphone re-
sponse in that headset, but produces no detect-
able change to ordinary hearing in other head-
sets connected to the radio output.

Assuming that the contact arms to Rc¢ and
Rb are fixed, and that the sliding contacts to
R2 and R3 are placed in position so as to result
in minimum power delivered to HSI from El,
in which position Rl is connected to R3 at the
end opposite point 7 and all of R2 is inserted
between point m and EIl, the impedance offered
E2 by the left-hand portion (Fig. 5) of the cir-
cuit consists of the following series parallel ar-
rangement of resistance elements, namely, R4
in series with a parallel circuit comprising the
following paths, R2 in series with the parallel
circuit comprising Ef and Ri, R3 and the head-
set HSI. It is to be noted that R2 then serves
in a measure to isolate E2 from El and presents
a high impedance circuit to the power source
In
this control position the maximum power is de-
livered from E2 to HSI.

When the sliding arms to R2 and. R3 are
placed so as to cause El to deliver maximum
power to HSI, then the power from E2 to HSI
is less, because in this position Rl and R2 are
short circuited and the added load presented
by El, Ra, Rc, Rb and HSa forms a low im-
pedance shunt path across the headset HSI
when the controls to HSa are set for minimum
power. The impedance presented to E2 by the
lefthand portion of the circuit may be calculated
by considering the following series parallel cir-
cuit, R4 in series with a parallel circuit com-
prising the following paths, El, R3 and HSI, or
Ra when the control to HSa is not set for mini-
mum attenuation to Elf.

Thus it is evident that adjusting the contact
arm to R2 and R3 to give maximum signal level
in HS| from El is accompanied by a minimum
signal level in HSI from E2; and, conversely,
adjusting the contact arms to R2 and R3 to give
a maximum signal level in HSI from E{ is ac-
companied by a maximum signal level in HS{.
from E2.

The amount of change of interphone response -
accompanying a change in radio level adjust-
ment, as above described, is dependent upon the
relative values of R4 and Rd to the impedance
of El since the best regulating characteristics
are available when the ratio of external to in-
ternal impedance is high; therefore, if R4 and
Rd are of a high value the range of change is
greater than for lower values of R4 and Rd.
If these values are too low the rejection char-
acteristics of the R4, Rd and E2 combination
are lessened, and E| is loaded more heavily there-
by. In general, rejection characteristics are im-
proved by lowering the impedance of E2 and
increasing R4 and Rd.

. Changing the receiver output Ef by other
means such as in the receiver itself without
changing the individual volume control has prac-
tically no effect upon the interphone response
in either headset; however, if the radio receiver
output is low such as occasioned by & weak in-
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coming signal which necessitates setting the in-
dividual volume control so that the attenuation
between the receiver output and the controlled
headset is a minimum, the interphone level to
that headset is not as high as when a much
greater receiver output is available, which would
permit an intermediate setting of the controls.
In the latter event attenuation is introduced be-
tween the radio receiver output and the con-
trolled headset in order to reduce the radio sig-
nal to a more comfortable level and this is au-
tomatically accompanied by an increase in inter-
phone output to that headset.

It should be apparent that the additional
source of E. M. F, E2 and the resistance elements
R4 and Rd may also be added to the modifica-
tions, as illustrated by Figs. 2, 3, 10, 11 or 12,
just as well as to Fig. 1.

Fig. 6 presents a variation of the embodiment
illustrated in Fig. 5, where separate E. M. F.
sources Ei and E3 are provided for each head-
set HSI and HSa in place of the single source
El shown in Fig. 5. The modification herein
illustrated has a specific application in aircraft,
for example, where the persons wearing headsets
may listen to two separate incoming radio sig-
nals (Ef and E3) individually adjusted to any
level between maximum and minimum and yet
both can listen to a common interphone signal,
the level of which is relatively independent of
the settings of the volume controls which adjust
the individual radio signal levels for the sepa-
rate headsets. However, the circuit may be
designed so that as the level of the radio signal
to one headset is decreased by its individual
control, the level of the interphone to that head-
set is increased slightly, and conversely, as the
radio output is decreased to one headset, the
interphons level in that headset is increased, as
was explained in connection with Fig. 5. This
feature may be of advantage when a weak radio
signal is being received because only then would
it be necessary to adjust the individual volume
level for minimum attenuation of the radio sig-
nal, and under those conditions a relatively
weaker interphone level is desirable; and con-
versely, if the volume level is set near maximum
attenuation of the radio signal to that headset,
the radio receiver output is either very great
or not desired at all in that headset, and a
greater interphone level is useful.

The proper functioning of the device depends
to a certain extent upon proper setting of the re-
ceiver output control or receiver sensitivity con-
trol, or both, by means not included in theé por-
tion of the circuit shown.

The modification illustrated by Fig. 7 includes
in addition to the circuit arrangement shown in
Fig. 6, an additional headset load HSA and its
control circuit which includes the resistance ele-
ments RA, RB and RC. This figure is illustra-
tive of how Fig. 6 may be expanded to accom-
modate additional loads somewhat in the same
manner in which Fig. 1 was expanded into Fig.
4. In addition to the control resistors RA, RB
and RC, the isolating resistor RD is also pro-
vided.: This resistor RD serves a function similar
to resistors R4 and Rd, in that it serves to re-
duce the voltage from E2 to HSA and presents,
with R4, a high impedance path between the
points o and m, and thus serves as a rejection cir-
cuit. Pig. 7 also differs from Fig, 6 in that a
capacitor Cl is connected across the power sup-
ply E2.

to improve its rejection characteristics. As ex-

This capacitor is inserted in this circuit -
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plained above, E2 may be the secondary wind-
ing of a transformer having a relatively high im-
pedance to high frequency currents.  ‘This is un-
desiraple since, as was pointed out above, the
impedance ratio of R4 to E2 should be high in
order to give the best rejection. The effect of
Cl is to offset the high impedance offered by E2
since the impedance of Cl decreases as the fre-
quency increases. In some applications CI is
replaced by a band pass filter.

The circuit shown by Fig. 7 may be modified to
include a separate source of power supply for
the headset load HSA; such a modification is
illustrated by Fig. 8.

As noted above, this invention was designed pri-
marily for use in aircraft installations where
both radio and interphone communications are
provided, although it is not particularly restrict-
ed to such a narrow field. In such an appli-
cation, however, a number of headsets are usually
provided having a common interphone output,
with a variable number of radio receivers, and in
such an installation it is important that the num-
ber of headsets for each: radio receiver be
changed as conditions require, without changing
the interphone level to any of the other headsets.
Furthermore, it is also an important feature of
this invention to have adjustments of the atten-
uation in the output of the radio receiver pro-
duce certain desirable changes in the interphone
signal level in the common headset load, the said
changes being dependent upon the particular in-
stallation, that is, in some installations one load
station, HSI, for example, may be primarily in-
terested in receiving the radio signal; the inter-
phone signal being only of secondary importance.
The operator at the other load station, HSa for
example, may be more interested in receiving the
interphone rather than the radio signal; conse-
quently the variable attenuator must be con-
structed so that the attenuation to one source
will be increased while the attenuation to the
other source will be decreased. . For example, the
audio attenuation to HSI for radio is reduced so
that a weak incoming radio signal may be heard,
however, the signal level from the interphone
output must be reduced at the same time so that
it wont interfere with the reception of the weak
radio signal. Under certain other conditions it
may be desirable to have the interphone level
remain fixed while the attenuation to the radio
signal is being adjusted or changed. In certain
other installations it is desirable to have the level
of the radio signal and interphone signal increase
or decrease together by means of a single con-
trol. Thus, the signal level in both radio and
interphone may be increased or decreased as the
noise level at the particular load station changes.
The above features may be attained by means of
circuit arrangements of Figs. 9 to 9D, inclusive.

Fig. 9 is similar to Fig. 5, except that addi-
tional resistance elements R5 and Re are pro-
vided in the rejection circuit in series with R4
or Rd, respectively. As in the other modifica-
tions, the primary object of R2 and R3 is to per-
mit the adjustment of current to HSI from Ei
without producing any noticeable effect upon the
level in HSa or other headsets; the primary func-
tion of RS is to provide an adjustment of the
impedance in the circuit from E2 to HS{ and also
to limit the circulating current from El which
may reach HSa through the resistance elements
R4, Rd and Re.

The contact arms of the resistance elements
R2, R3 and RS, as well as the resistance elements
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RbD, Rc and Re, may be ganged so that when the
contact arms for R2 and R3 are set in a position
for maximum power delivery to HSI, in which
position the resistance elements R2 and R{ are
short circuited, the contact arm to the resistance
element R5 will also be moved to a position where-
in all or substantially all of the resistance re-
mains in series with the headset load HSf and
with R4. 'This is the position of minimum power
delivery from E2 to HSI. Itis apparent, there-
fore, that the resistance elements RS and Re
tend to accentuate the inherent characteristics
of the circuit arrangements of Fig. 5, namely, an
increase in the output level to a headset from
one source, produces a decrease in the output
level to that same headset from the other source,
and vice versa.

The arrangement shown in Fig. 9A is the same
as far as circuit connections are concerned, as
the arrangement in Fig. 9, except that the con-
tact arms R2 and R5 are connected together
electrically as well as mechanically. The re-
sistance elements R5, R4, Rd and Re, as well as
the source of E. M. F. E2, serve as a rejection
cireuit in the same manner as previously discussed
in connection with Fig. 5. With the control to
HS| set for minimum attenuation, and with the
control to HSa set for maximum attenuation, the
potential differential between points m and 7 is
a maximum. In this position, however, the re-
sistance element RS is in series with R4 and Rd.
The series resistors R5 and R4 reduce the voltage
from.the source El that may appear across E2,
and since this source E2 may have a low im-
pedance as compared to the impedance of Rd
(and Re) the voltage is still further reduced to
HSa. Consequently, with this circuit arrange-
ment the output level from El to HS| may be
adjusted to a high value, while the output level
from El to HSa may at the same time be adjusted
to a low value. When the control to HS| is set
for maximum power level from El, as illustrated,
R4 and RS are in series with HSI and the voltage
from E2 across HSI is reduced to a minimum;
furthermore, R2 is short circuited so that El and
the control circuit for HSa presents with HSa a
substantially constant impedance shunt path
across the headset load HS! for the power de-~
livered from E2. Since RS is in series with E2
and HS1 the rejection characteristics of E2 are
improved because the ratio of R4 and RS to E2
is increased and the value of the current reaching
the shunt path formed by E2 is reduced.

In the position for minimum power delivery
from Ef to HSa, Rb is connected to El in series
with a parallel circuit comprising HSa and Re.
The resistance element Ra is connected directly
across El in parallel with the above mentioned
series parallel connection, The impedance offered
to Ef by this circuit is substantially constant but
the attenuation to HSe from El is maximum.
In this control position the contact arm for Re
is moved to a position wherein the resistance is
entirely short circuited so that the attenuation
offered to E2? is a minimum, and the resistance
of the control circuit for HSe is high, so that the
maximum power delivered by E2 to this portion
of the circuit is absorbed in the load device HSa.

It is therefore apparent that the natural in-
verse effect considered in connection with Fig. 5
is accentuated by the addition of RS and Re.
That is, if the level in HSI from Et, for example,
is increased, the level in HSI from E2 is decreased
further by the addition of RS together with its
control. -
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The circuit arrangement shown in Fig, 9B ap-
pears to be similar to the arrangement shown in
Fig. 9A. However, it should be noted that the
junction point of R2 and RS, as well as Rb and
Re, is not connected to the contact segment of the
contact arms for RS, R2 or Rb and Re, respec-
tively, For any intermediate setting, therefore,
the radio signal El may take a path through all
of R2, or through only a portion of R2 in series
with a portion of the resistance element R5, or
also through Rl and a portion of R3 to m, and
similarly the interphone signal E2 may take a
path through all of R5 or through only a portion
of RS and a portion of R2, or through the other
part of R2, the part of R3 leading to the point m
to the headset, or in shunt across the headset
through the other portion of R3.

As was pointed out in connection with Fig. 9,
the control resistance elements R2, R3 and RS, as
well as control resistance elements Rb, Re and Re,
may be adjusted individually. In one extreme
position of adjustment R1, R2 and RS may all be
short circuited. This would constitute a posi-
tion of maximum power in HSI from E2; while in
the other extreme position of the controls HSI
receives minimum power from both El and E2.
Fig. 9C presents a circuit arrangement wherein
the contact arms of these resistance elements may
be “ganged” to produce a similar effect. That is,
resistance elements R5 and Re in this modifica-
tion compensate for the inherent inverse effect
naturally present in the circuit, rather than to
accentuate this effect, as was the case in the em-
bodiment presented by Figs. 9 to 9B, inclusive.
The values of the impedance elements may also
be selected so that the level from the source E2
will remain substantially constant (or increase
and decrease slightly) with an increase or de-
crease in the level from the source Ef.

As illustrated in Fig. 9C, the control arms for
the variable attenuator to HSI are positioned so
that R2 and RI are shorted out by the control
arm of R2, and HSI and R3 form a parallel cir-
cuit connected across the source Ef. This is the
position of minimum attenuation and maxzimum
power delivered from El to HSI. The control
arm to the resistance element RS is also moved
to a position wherein the resistance of RS is also
shorted, thereby reducing the attenuation intro-
duced in the circuit from E2 to HSI. The re-
duction of the attenuation introduced in this
circuit compensates for the increase in shunt load
presented by El and Ra, which form a low im-
pedance path across the headset HSI if the at-
tenuating control to HSa is set for minimum
nower in HSae from Ei. HSe and its control cir-
cuit also present an additional load. These loads
are in effect isolated from E2 through R4 when
the attenuation to HSI from E{ is maximum,
since for this position R2 is connected in series
therewith. The effect of the resistance RS is to
compensate for the inherent inverse effect re-
ferred to above; that is, as the attenuation from
£l to HSI is increased the attenuation from E2
to HS{ is also increased; therefore, the signal in
HSI from E2 may remain at a constant level or
increase and decrease slightly with an increase
and decrease in the signal level in HSI from El
by means of the audio attenuator.

Fig. 9D differs from Fig. 9C in that RS and
R3 are not directly electrically connected to HSI
and HSa except through their contact arms. In
this circuit power from E2 in order to reach HSI
may go through R2 and RI, as well as RS, except
in the extreme position of the contact arms.
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This modification is similar to the arrangement
shown in PFig. 9B, except that in this arrangement
by proper choice of resistor values, the level to
HSI from El may be adjusted between extremes
without producing any effect in the level in HSH
from E2, and similarly for HSa.

Fig. 11A differs from Fig. 11, as described
above, by the addition of another source of pow-
er, E2, fixed resistors R4 and Rd, and variable
resistors RS and Re. The contact arm to R5 has
a mechanical but not an electrical connection
with the contact arms to RI and R3. The con-
tact arm to Re has a-similar mechanical con-
nection to the contact arms Ra and Re. These
mechanical connections are shown in dotted lines.
The contact arms to R{ and R3 are tied together
electrically as well as mechanically; similarly,
the contact arms to Ra and Re are tied together
electrically as well as mechanically. When the
contact arms to RI, R3 and R5 are adjusted so
that maximum power is delivered from EI to
HSI, then minimum. power is delivered from E2
to HSI; and, conversely, if these contact arms
are adjusted so that minimum. power is deliv-
ered from El to HSI, then maximum power is
delivered from E2 to HSI, other conditions re-
maining fixed. A movement of the contact arms
of Rf, R3 and R5 in one direction increases the
power in HS! from El, and decreases the power
in HSI from E2, or vice versa. By changing the
position of the contact arms to RI, R3 and R5
the power from EI to HSI and from E2 to HSI
is changed, yet the impedance of the load on El
due to R{, R2, R3 and HSI may be relatively
constant if the values are properly chosen. Re-
sistors Ra, Rb, Re, Rd, and Re perform the same
functions with respect to HSa as the correspond-
ing resistors Ri, R2, R3, R4 and R5 perform with
respect to HSI.

Fig. 11B differs from PFig. 11A in that R5 and
Re are connected in a different manner, such
that moving the contact arms to R{, R3 and RS,
for-example, so as to increase the power deliv-
ered to HSI from El, also results in an increase
in power delivered to HSI from E2; and, con-
versely, a movement of the contact arms to RI,
R3 and RS, which decreases the power delivered
to HSI from E{, results also in a decrease in the
power delivered to HSI from E2, provided the
various values of the resistance elements have
been properly chosen, and other conditions re-
main fixed. In an extreme case, if R5 had prac-
tically no resistance, moving the contact arms
of RI, R3 and RY to increase the power from Ef
into HSI would result in a decrease in power
available from E2 to HS!, because the effective
resistance between El and E2 would be lowered
and Ef would absorb more power from E2 at
the expense of HSI than when there is a greater
value of resistance between El and E2. If the
contact arms to R! and R3 were adjusted so as
to practically short circuit R2, then HSI and
El are practically in parallel and El absorbs a
maximum of power from E2. Conversely, if the
contact arms to RI, R3 and R5 are adjusted for
minimum power delivered to HSI from EI,
wherein R2 is in series with HS{, and Rl and
R3 each form a shunt path connected in paral-
lel therewith. In this control position E2 would
not only have the resistance of R4 between it and
El but would also have all the resistance of R2,
so the power of E2 absorbed in El would be less,
or E2 would be loaded comparatively lightly. If
the value of RS is properly chosen, the amount
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tively constant regardless of the power into HS{
from EI, 1. e., regardless of the position of the
controls to RI, R3 and R5. In other words, RS
acts as a compensating resistor whose contact
arm is moved in unison with the contact arms
to Rl and R3, the active portion of R5 having just
the right value of resistance to compensate for
the variable load presented to E2 due to chang-
ing power from El to HSI. When the load on
E2 is the heaviest, the combined resistance of the
active portion of R§ and R4 is minimum, there-
by maintaining a relatively constant voltage
from E2 across HSI, regardless of the voltage
from El. across HSf, or the power into HSI
from El.

In Fig. 13 there is shown a circuit in which
headset HSa is connected to the output of re-
ceiver #2 through the control consisting of three
resistors Ra, Rt and Re. The headset HSa alsg
receives power from the output of receiver #1
through the control consisting of resistors RI,
R2 and R3. The headset HS| also receives power
from the output of receiver #1 through the con-
trol consisting of resistors Rz, Ry and Rz. In
aireraft it is often desired to listen to or to moni-
tor two radio receivers simultaneously in one
headset, while in a second headset it may be de-
sirable to listen to only one of these two receivers
without undue interference from the second re-
ceiver. In Fig. 13 the signal from receiver #1
is desired in both headsets HSI and HSa, while
the signal from receiver #2 is desired only in
headset HSa. In Fig. 13 the signal level from re-
ceiver #2 is less in HSI than in HSe unless the
controls are adjusted for maximum signal, i. e.,
for minimum attenuation, Frequently the signal
avajlable from one receiver is such that it is
possible to obtain sufficient volume level where
desired, with one control adjusted for more than
minimum attenuation. If one control is set for
more than minimum attenuation, then the signal
strength from receiver #2 is less in HSI, where
it s not desired, than in HSa where it is desired.
If, however, two or more controls are set for more
than minimum attenuation, each one introduces
attenuation of the unwanted signal from receiver
#2 to the headset HSI. For example, Rb and Re
in combination may be set to attenuate the sig-
nal from receiver #2 to HSa, and R2 and R3 may
be set to attenuate the signal from receiver #1
to HSa, also Ry and Rz may be set to attenuate
the signal from receiver #1 to HSI. In such an
arrangement the unwanted signal in HS{, name-
ly, from receiver #2, is attenuated by three sets
of controls, whereas the wanted signal is attenu-
ated by only one set, and thus the attenuation of
the unwanted signal to HS{ has been attenuated
due to each control. The unwanted signal may
be attenuated very little to HSI if the three con-
trols are set for very little attenuation due to weak
signals from both receivers, or it may be at-
tenuated very much to HS! if the three controls
are set for considerable attenuation due to strong
signals from both receivers. If the output of re-
ceiver #1 is high, necessitating the setting of
controls between it and the headsets so as to in-
troduce some attenuation, then the unwanted sig-
nal from receiver #2 to HS| is attenuated by both
of these controls, and the desired signal is at-
tenuated by only one control. While this variable
attenuation of the unwanted signal is not always
desirable. it is less objectionable than if the re-
ceiver outputs were both vlaced directly in par-
allel, in which case the attenuation of the un-
wanted signal to a headset is always the same as
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the attenuation of the desired signal. Further-
-nore, tying the two receiver outputs in parallel
causes each one to load down the other at the ex-
pense of the audio power available to the head-
sets. By means of this device the receiver out-
puts may be separated by means of the controls,
one or more of which may be set for more than
minimum attenuation, thereby preventing the re=
eeiver outputs from being directly in parallel. In
Fig. 13 the receiver outputs are directly in par-
allel only when the two volume controls connected
between the receiver outputs are set for mini-
mum attenuation.

As previously indicated, audio attenuating net-
works which present an absolute constant im-
pedance regardless of their control position are
known to the art, also more accurate means for
eliminating or reducing the unwanted signal are
also known, but these means, as known, cannot
be adapted to aircraft communication systems ba-
cause of their weight and the space required. It
is apparent that my invention involves a com-
promise between attenuators of a constant im-
pedance, requiring additional elements and com-
plicated circuit connections, with the necessity of
added weight and additional space, and substan-
tially constant attenuating means involving less
weight and space. The means that I have de-
vised has proven, however, to be entirely satis-
factory, since in aircraft communication the noise
level is high and slight changes in level are not
noticeable.

The modification shown in Fig. 14 is similar in
functioning to Fig, 13, although differing there-
from in control details. 'The controls herein em-
ployed are similar to the circuit described above
and illustrated by Fig. 11.

Other modifications and changes in the num-
ber and arrangement of the parts may be made by
those skilled in the art, without departing from
the nature of the invention, within the scope of
what is"hereinafter claimed.

The invention described herein may be manu-
factured and/or used by or for the Government
of the United States of America for governmental
purposes without the payment of any royalties
thereon or therefor.

I claim: : )

1. In the output circuit of an aircraft radio
receiving apparatus or the like, the combination
which includes, a pair of output terminals, a
plurality of sound reproducing devices connected
thereto, means for varying the volume of af least
one sound reproducing device from a maximum
to a minimum without causing a variation in the
impedance across said output terminals of an
amount greater than the ratio of one to three,
said means comprising fixed and variable im-
pedance elements, one of said variable impedance
elements being connected in series with the sound
reproducing device, a second variable impedance
element forming a shunt path across the said
output terminals and a fixed impedance being
connected in series with said variable shunt im-
pedance so that in one extreme position the fixed
resistor element will alone form a shunt path
across said terminals.

2. In a system of the character described in-
cluding a sound reproducing device connected
across the output circuit of radio receiving ap-
paratus, means for varying the volume of said
reproducing device from a maximum to a mini-
mum without varying the impedance across the
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rality of impedance elements, one of said im-
pedance elements being variable and connected
in shunt with sald reproducing device, the other
impedance elements comprising a mesh circuit
including a fixed and variable impedance ele-
ment, said mesh circuit being connected in series
with the said reproducing device, and means for
shorting out the impedance offered by said mesh
circuit for one extreme position of volume con-
trol, said last named means comprising the ad-
justable contact arms for the variable impedance
elements. .

3. In combination, a plurality of sound repro-
ducing devices each having an output circuit, a
variable attenuator in. each of said circuits, said
attenuator having a single movable element, each
of said attenuators comprising an impedance net-
work, including a variable impedance in series
with the reproducing device, and a variable im-
pedance in shunt across said output circuit, said
single movable element comprising adjustable
contact arms for each variable impedance, and
means comprising a fixed impedance connected
in said network whereby the impedance of said
network and reproducing device will remain sub-
stantially constant for all control positions.

4, In a communication system for aircraft hav-
ing an output circuit of a radio receiving ap-
paratus and an output '(\:ircuit of an interphone
communication system, a plurality of isolating
resistance elements, & plurality of sound repro-
ducing devices each connected in parallel to the
output of said interphone communication sys-
tem, each reproducing device having in series
therewith one of said isolating resistors, a variable
attenuator for at least one sound reproducing
device connected in the output circuit of said
radio receiving apparatus to said reproducing de-
vice, said attenuator comprising an impedance
network having fixed and variable impedance
elements, and means comprising the contact arms
of each variable impedance element for chang-
ing the level in said sound reproducing device

- from & maximum to a minimum without produc-

ing a change in the combined impedance at the
output terminals an amount greater than the
ratio of 1 to 3.

5. In a communication system comprising a
plurality of audio frequency supply means, a
plurality of sound reproducing devices connected
in parallel with each of said audio frequency
supply means so that each reproducing device
has superimposed thereon signals from at least
two supply means, an audio attenuator for each
reproducing device connected in the output cir-
cuit of one of said supply means, an isolating
resistor connected in the output circuit of said
other supply means, said attenuator comprising
an impedance network having variable imped-
ance elements connected therein, and means
comprising the adjustable contact arms of said
variable impedance elements whereby the im-
pedance of said elements may be adjusted so that
the current from said one supply means can be
changed from & maximum to a minimum and at
the same time produce only a slight inverse ef-
fect in the level of sald reproducing device from
said other supply means.

8. In combination, a plurality of sound repro-
ducing devices, an audio frequency supply means
for each sound reproducing device, an audio at-
tenuator connected in the output circuit of the
audio frequency supply means for at least one of
said sound reproducing devices, a common audio
frequency . supply means, conductors connecting
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each of sald reproducing devices to sald common
supply means and in parallel therewith, an iso-
lating resistor in each of said conductors, sald at-
tenuator comprising an impedance network hav-
ing fixed and variable impedance elements, and
means comprising the contact arms of said vari-
able impedance elements whereby the output
level from one supply means to sald reproducing
device can be changed from a maximum to a
minimum and at the same time produce only a
slightly noticeable inverse effect in the level of
sald reproducing device from said other supply
means, -

7. In & communication system for aircraft
having an output circuit of a radio receiving ap-
paratus and an output circuit of an interphone
communication system, the combination includ-
ing plural sound reproducing devices connected
in parallel with the output circult of the radio
receiving apparatus, a variable audio attenuator
connected in the output circuit to each reproduc-
ing device whereby the reproducing devices may
operate at substantially different levels, con-
ductors connecting each sound reproducing de-
vice in parallel with the output of said inter-
phone communication system, and means com-
prising isolating resisters in the interphone com-
munication system output circuit whereby a high
attenuation is offered to a radio signal reaching
either reproducing device through a circuit in-
cluding these conductors although the audio at-
tenuators are set at different levels.

8. In a communication system comprising a
plurality of audio frequency supply means, g plu-
rality of sound reproducing devices connected to
each of said audio frequency supply means, a
variable audio attenuator connected in the out-
put circuit to each reproducing device whereby
the reproducing devices may operate at substan-
tially different levels, a common audio frequency
supply means, conductors connecting each re-
producing device in parallel thereto, a plurality
of isolating resistors connected in the output cir-
cuit of said common audio frequency supply
means and in series with each reproducing de-
vice, and means forming a low impedance shunt
path to high frequency currents across said com-
mon supply means, said last named means and
the isolating resistors forming a voltage divider
thereby preventing a signal from one independ-
ent supply means from reaching a reproducing
device connected to another supply means by
way of said conductors.,

9. In a communication system having a plu-
rality of radio receivers and an interphone com-
munication system, the combination including
~ an output circuit for each radio receiving appa-
ratus, and an output circuit for the interphone
communication system, a plurality of sound re-
producing devices each connected to an output
circuit of a radio receiving apparatus, a variable
audio attenuator connected in the output circuit
to each reproducing device whereby the repro-
ducing devices may operate at substantially dif-
ferent levels, conductors connecting each sound
reproducing device in parallel with the output
of said interphone communication system, and
‘means comprising a plurality of isolating resis-
tors connected in the output circuit of said in-
terphone communication system and in series
with each sound reproducing device whereby s
high attenuation is offered to a radio signal from
the output of one receiver reaching a reproduc-
ing device connected to a different radio receiver
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output through a circult including these con-
ductors.

10. In a communication system having a plu-
rality of sound reproducing devices, an inde-
pendent audio frequency supply means for each
sound reproducing device and a common audio
frequency supply means for all of said sound re-
producing devices, a variable audio attenuator
in the output circult of the independent audio
frequency supply means for each sound repro-
ducing device, said audio attenuator comprising
an impedance network having fixed and variable
impedance elements which together with the re-
producing device offer a substantially constant
impedance to each independent audio frequency
supply, so that the signal level in each sound re-
producing device from the common audio fre-
quency supply source will not be lost as a re-
sult of the adjustment of said variable audio at-
tenuator.

11. In a communication system for aircraft
having an output circuit of a radio receiving ap-
paratus and an output circutt of an interphone
communication system, a sound reproducing de-
vice connected across both of said output circuits,
means for controlling the attenuation in the out-
put circuit of said radio receiving apparatus,
means for controlling the attenuation in the out-
put circuit of said interphone communication
system, and means for mechanically coupling the
above control means together so that as the at-
tenuation in one circuit is changed the attenua~
tion in the other circuit is also simultaneously
changed, whereby the signal level in the sound
reproducing device from the output circuit of
said interphone communication system is affect-
ed primarily by the adjustment of its attenu-
ation control means in its output circuit and sec-
ondarily by the adjustment of the attenuation
means in the output circuit of said radio receiv-
ing apparatus which changes the impedance of
the shunt path formed by the attenuation means
and said radio receiver output circuit.

12, In a communicating system having two
sources of audio frequency supply, a plurality of
sound reproducing devices connected in parallel
to the output circuit of both of said audio fre-
quency supply sources, a variable audio attenu-
ator connected in the output circuit of one source
of supply to at least one reproducing device, said
attenuator comprising an impedance network of
variable and fixed impedance elements which in
combination with the reproducing device offer a
substantially constant impedance load to said
source of power supply so that the adjustment
of the attenuation to one reproducing device will
have no noticeable effect in the signal from the
same source upon the other reproducing device,
and means for majntaining the signal in said
reproducing device from said second source con-
stant regardless of the adjustment of the variable
attenuator. :

13. The invention as defined in claim 12,
wherein said last-named means comprises a vari-
able attenuating resistor connected in the output
circuit of sald second audio frequency supply
means.

14. In a communication system having two
sources of audio frequency supply, a plurality of
sound reproducing devices, a plurality of vari-
able audio attenuators comprising an impedance

. network having fixed and variable impedance

%

2lements, means connecting a variable attenu-
ator in the output circuit of one of said supply
means to each reproducing device, a plurality of
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isolating resistors connected in the output circuit
of sald other source of supply and in series with
each reproducing device, and means whereby the
signal level in said reproducing device from said
other source may be adjusted so that its level will
not be decreased with an increase in the signal
level in the same reproducing device from the
first-named source.

15. The invention as defined .in claim 14,
wherein sald last-named means comprises an
adjustable resistance element connected in se-
ries with each reproducing device and isolating
resistor.

16, In s communication system having two
sources of sudio frequency supply, a sound re-
producing device connected to both sources of
supply, a variable attenuator connected in the
output circuit of one source to said reproducing
device, said variable attenuator comprising an
impedance network having fixed and variable
impedance elements, the variable impedance ele-
ments each having adjustable contact arms, &
variable impedance element connected in the
output circuit of sald second source and in se-

ries with said reproducing device, said variable

impedance also having an adjustable confact
arm, means 'whereby the adjustable contact
arms of each variable impedance element may
be moved together so that as the attenuation in

the output circuit of one source is increased,

the attenuation in the output circuit of the
other source is also increased. -

17. In a communication system having two
sources of audio frequency supply, a plurality
of sound reproducing devices, means connecting
each reproducing device across each source of
supply, a variable attenuator in the output cir-
cuit of one source of supply to at least one re-
producing device, a variable resistor having an
adjustable contact arm in the output circuit
of said other source of supply to at least the
same reproducing device, the variable attenu-
ator comprising variable resistance elements
having adjustable contact arms, and means
whereby the adjustable contact arms of all the
variable resistor elements in the attenuation
control for each reproducing device may be
moved together so that as the signal in the re-
producing device from one source is increased
the signal in the same reproducing device from
the other source is decreased.

18. In a communication system for aircraft

- having a plurality of sources of audio frequency
supply, a sound reproducing device, means con-
necting said sound reproducing device to each
of said sources so that it may simultaneously
reproduce the signal from each, a plurality.of
variable sudio attenuators, each comprising an
impedance network having fixed and variable
impedance elements, one of said variable atten-
uators being connected in the output circuit of
each supply source to the common reproducing
device whereby the output level from each source
may be adjusted in the single reproducing de-
vice, a second sound reproducing device and
means connecting said second sound reproducing
device to the output circuit of one of said audio
frequency sources, said means including a vari-
able audio attenuator and circuit arrangements
whereby a signal from said other source in or-
der to reach said second reproducing device is
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subjected to the attenuation introduced in each

output circuit by each variable attenuator.

19. In a communication system for aircraft
having two sources of audio frequency power
supply, a plurality of sound reproducing de-
vices, & plurality of variable audic attenuators,
means including circuit connections whereby one
sound reproducing device may stmultaneously
receive the signal from each audio frequency
supply source through a single variable audio
attenuator, means including circuit connections
whereby a second sound reproducing device may
receive & signal from one of said power sources
through a single variable attenuator but the
signal from the other source Is subjected to the
attenuation introduced in each output circuit
by each variable attenuator.

20. In a communication system for aircraft
the combination of an output circuit of a radio
receiving apparatus, an output circuit of an in-
terphone communication system, a sound re-
producing device, conductors connecting said
sound reproducing device and each output cir-
cuits in multiple whereby the sound reproduc-
ing device and the output circuit of said radio
receiving apparatus comprise a multiple load
to the output from said interphone communica-
tion system, and a variable attenuator with a
movable control means in the conductors con-
necting said reproducing device to the output
circuit of said radio receiving apparatus where-
by an increase or decrease in the attenuator to
the audio output of said radio receiving appa-
ratus produces a corresponding decrease or in-
crease in the radio signal level in said sound
reproducing device and at the same time pro-
duces an inverse effect in the interphone sig-
nal level in said sound reproducing device by
causing an increase or decrease respectively in
the impedance of the shunt circuit containing
the variable attenuator and the output circui
of said radio receiving apparatus. ‘

21. The invention as defined by claim 20 char-
acterized further by the addition thereto of a
second variable attenuator with a movable con-
trol means in said conductors connecting the
sound reproducing device to the output circuit
of the interphone communication system, and
means for mechanically coupling said movable
control means whereby adjustment providing
for an increase or decrease in the signal level
from said radio receiver output will cause an ac-
centuated inverse change in the signal level from
said interphone communication system output
by causing a decrease or increase, respectively, in
the attenuation to said sound reproducer.
i+ 22. The invention as defined by claim 20 char-
acterized further by the addition .thereto of a
second variable attenuator with a movable con-
trol means in said conductors connecting the
sound reproducing device to the output circuit of
the interphone communication system, and
means for mechanically coupling said control

~ means so that adjustment providing for an in-
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crease or decrease in the signal level from said
radio receiver output will compensate for the
inherent inverse change in signal level from
said interphone communication system oufput
whereby the said signal level will remain sub-
stantially constant as the signal level from said
radio receiver output is increased or decreased.
‘ JAMES C. COE.



