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It is an object of my invention to provide a
way of confrolling the volume of signals in a
radio reception device which will do away with
the hum or the blurring incident to volume con-
.3 trol by ordinary methods, chief of which is the
varying of the intensity of the plate current. It
is my further object to prevent oscillation while
controlling volume by my method, and to this
end to provide, in one aspect, a double resistor
device which is operated from a single control,
and in another aspect a single resistor device of
novel construction which simultaneously accom-
plishes both purposes. Other ancillary objects
will be pointed out in the ensuing disclosure or
will be apparent to one skilled in the art upon
reading these specifications.
© . Volume control with an A. C. set, particularly
when - the filament style of amplifier tubes are
used, presents a very. serious problem. It is im-
possible to use any volume control which reduces
the plate voltage and consequently the plate cur-
rent to any extent. It has been found, for in-
stance, that the UX 226 tube shows a-minimum
of ripple at about 3 milliamperes on the plate.
This is also the most stable and efficient operat-
ing condition for this tube. But if the plate cur-
rent is decreased, the ripple rises rapidly, while
if it is increased the ripple rises also, but not
quite so fast. Ripple must of course be avoided
both in audio and in radio frequency tubes. In
audio frequency tubes, the ripple causes an actual
audible hum. In the radio frequency circlit,.a
ripple has the effect of breaking up the modula-
tion so that it is blurred, particularly on loud
signals.

Volume has been controlled with battery oper-
ated sets in both the audio frequency and the
radio frequency sections. A desirable audio fre-
quency control is a potentiometer or variable re-
sistance of about 500,000 ohms across the sec-
ondary of the first audio transformer. The usual
radio frequency control for battery operated sets
is a resistance in series with the plate supply of
the radio frequency tubes. Now, while the radio
frequency control is quite satisfactory on battery
opersted sets, the audio control is unsatisfactory
on loud signals because it has no effect on the
detector -and a strong signal will therefore over-
load the detector and cause a distortion which
cannot be eliminated.. As hereinbefore pointed
out, these controls are not very satisfactory on
A. C. operated sets.

Purthermore there is present in all A. C. sets
a certain amount of hum in the loud speaker.
On a Joud signal, If the volume is reduced by a
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volume control, it is preferable that the loud
speaker hum be reduced also. If this is not done
the illusion to the ear is that the hum is increas-
ing in volume. This is due, of course, to the fact
that the signal is decreasing and the hum by g
comparison seems louder.

My volume control, which is satisiactory for
battery sets and has none of the disadvantages
just enumerated when used on A. C. sets, is ac-
comnplished by that circuit, construction and ar- 10
rangement of parts of which I shall now describe
preferred embodiments, reference being made to
the drawing which accompanies this specification.

In the drawing:— )

Figure 1 is a top plan view of one of my re- 15
sistors. ’

Figure 2 is & section thereof along the line 2—2
in Figure 1.

Figure 3 is a perspective of one of my tandem
controls comprising two resistors. 20
Pigure 4 is a circuit employing the tandem

control.

Figure 5 is a circuit employing the resistor of
Figure 1.

Referring now to Figure 4, I have shown a
variable resistor comprising two parts, a variable
low resistance 1a and a metallic segment 1b.
The resistance will be of the order of 5,000 chms,
and it comprises as an example 1% of the total
length of the resistance unit |. This unit may
be thought of as straight, with a slider 2, for the
purpose of this diagrammatic illustration, but in
actual use is preferably of the round type con-
trolled from a knob on a dial. This construction
I shall hereinafter describe more fully. When g5
the slider or other contact device 2 is furthest
to the right the resistance fa is completely cut
out, while as the contact moves toward the left,
the resistance increases to a maximum, where-
upon a further movement of the contact will not 4g
result in an increase of the resistance because
the contact is moving along the metal segment 5.

At 3, I have shown g relatively high resistance
potentiometer the resistance portion of which, 3a,
has a value of from 250,000 to 500,000 ohms. 45
This resistance is effective for, let us say 7/16
of the total length of the potentiometer, and the
remaining 9/16 of that length is made up by a
metallic segment 3b. The slider member 2 is
common both to the resistor { and the potentiom- gq
eter 3, but the actual contacts of the two devices
are insulated from each other. It will be noted,
that whereas the metallic segment of the resistor
is to the left, the metallic segment of the po-
tentiometer is to the right. A movement of the g
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slider, therefore, from left to right, will result
in causing the resistor to increase its effective
resistance from zero to the maximum through
a distance of travel of 7/16 of the slider path,
and to hold the resistance at the maximum
throughout the remainder of that path of travel.
Iiecanwhile the resistance of the potentiometer
civeuits remains the same through 9/16 of the
path of travel of the slider, and then through
the remaining 7/18 to decrease the resistance in
the left hand circuit and increase it in the right.

The resistor { is connected in series with the
primary of a transformer & and the plate of a
radio frequency tube 5. It willnow be plain that,
starting at the point of maximum volume, if the
slider or contac}h 2 is moved to reduce the volume,
a small amount of resistance is inserted in series
with the plate of the radio frequency tube. This
cuts down the volume initially; but the resistance
is so low that it does not reduce the plate current
materially., Long before an unfaverable reduc-
tion in plate current can take place the resistance
of the unit { has reached its maximum, for ex-
ample, 5,060 chms at 7/16 of the contact travel
path. This small resistance does, however, stop
cscillation. When all of the resistance la is in
circuit oscillation has completely stopped. But
it will be noted that at 7/16 of the fravel path
of the tandam unit comprising resistor | and po-
tentiocmeter 3, the potentiometer circuits have
not changed at all.

Now it may be that at this point the volume

.on near-by stations Is still too loud. For further

volume decrsase, I work upon.the audio circuit.
it will cheerved that the potentiometer con-
tact of the slider 2 is connected to the grid €
of an audio-frequency tube. The other terminals
of the potenticmeter span the secondary of the
firet sudio-frequency transformer 7. If; there-
fore, the slider 2 is moved still further to the
left, the audio control comes into play at 9/16
of the travel distance, and as the movement con-
tinues the signal diminishes until at the exirems
left hand position it is entirely gone.

The diagrammatic Figure 4 contemplates a
tandem unit of resistor and potentiometer actu-
ated by a common control or slider 2. A device
for the commercial embodiment of thiz concent
is illustrated in Migure 3. A metallic yoke 8, hav-
ing screw holes § for attachment to the base
of the set, is slotted as at 19, 19 to accommodate
the shafis of the units. 1! is a casing containing
g resistor of the circular type. If this is to be
made like the resistor { of Figure 4, the first 7/16
of the circular resistor length will have a re-
sistance value of 5,000 chms, while the remaining
length of the circular element will be of neg-
ligible resistance. This can be effected in many
ways known to the art. It may be done by pro-
viding a ecircular insulating core, and winding
7/15 of its length with resistance wire, joining
this to a metallic strip which follows the core
for the remainder of the distance. Or the entire
core may he wound with wire, and 9/16 of it
covered with a metal strip, or plated upon until
it presents a colid metallic, low-resistance sur-
face. The contact device may be any of a num-
ber well known in the art. It is connected to the
terminal #2, while the resistance is connscted
with the terminal 13.

i4 represents a casing contsining a potentiom-
eter, with a contact terminal 5, and resistance
terminals 1% and (1. If the resistor {i has been
construcied as described, the potentiometer will
be constructed thus: Over the first 9/16 of the
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circular core the resistance will he negligible,
while over the remaining 7/15 the total resistance
will be from 250,900 to 506,060 chims. The modes
of construction described akove may be followed
here. The resistor and potentiometer are actuat-
ed by central shafts. The potentiomeier shaft
is shown at {8 and is adapted for the attachhment
of an actuating knoh. At 19 is shown an insulat-
ing sleeve which connects the shaft of the poten-
tiometer to the shaft of the resistor so that they
move together. This will he readily understood.
The two devices are so assembled that the neg.-
ligible resistance segments are opposile each
other, i. e., so that in turning the shaf{ 12 frem
full volume position to zero volume position, the
value of the resistance of the wvesister i will
increase to its maximum while the potentiometer
circuits remain unchanged, and then hold that
maximum while the potentiometer varies. 'The
manner in which the tandem device is connec'ed
into a radio circuit is shown in Figure 4.

I have now illustrated and described my vol-
ume control utilizing separate resistor and po-
tentiometer tandem. operated, which is to say,
mechanically coupled. I shall now describhe an-
other unit which combines the function ci the
two. This gives, of course, a cheaper and more
effective construction. The circuit is shown in
Figure 5. Here resistance units corresponding
to 1a and 3a of Figure 4 are combined in a sin-
gle resistor. A tap 20 is led out from the junc-
ture of the two resistances and is permanently
connected to the slider or contact member 21.
The resistance fa is again connected in series
with the plate of a radio frequency tube 5 through
the primary of a radio frequency transformesr 4.
The resistance 3a is shunted, through the tap
and an end connection as shown, across the sec-
ondary of the audio frequency transformer 7.
Condensers 22 are inserted in series with the
leads. Again the resistances will be unequal, fa
being, let us say, of the order of 5,000 ohms, while
3a is of the order of 250,090 to 500,00C chms. In
operation, starting at the position of maximum
volume, with the contact 21 furthest to the right,
and moving it to diminish volume, it will be clear
that resistance is again inserted into the plate
circuit of the radio frequency tubz until the tap
is reached. Thereafter the radio frequency cir-
cuit remains fixed, but a short-circuiting resist-
ance 2a is gradually decreased across the grid of
the first audio frequency tube. When the ex-
treme left hand position is reached the tube is
short-circuited out, and the volume is zaro.

I shall now describe an apparatus which will
serve as a commercial embodiment cf the device
diagrammatically represented in Figure 5.
Broadly it comprises a. circular resistance element
with a portion wound for low resistance, and the
remainder prepared for high resistance, a tap
where the two resistance elements join, a rotavy
slider or contact member, the tap connected per-
manently with the slider, and appropriate termi-
nals. In Figure 1, I have shown a casing 23,
bearing within a circular resistance element 24.
This may comprise a core wound with different
sizes of wire; but it may be conveniently made
with a wire winding for the low resistance por-
tion, and a coating over the core of high resist~
ance material for the high resistance portion. A
tap 25 may be made through the casing {o the
resistance element where the high and low resisi-
ance porticns join. A shaft 26 is the operating
device for the resistor, and it will preferably pro-
ject through a panel and be fitted with the ordi-
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nary.knob. It bears & rider 27 held i%s place by

~collars 28, 29 and controlled by « spring: 30, which
“is held by the bolt 31 screwed into the collar 28.
' Thie rider bears a contact roller 32 which #s adapt-
‘ed to make moving. contact with the -resistance
-element without abrading it. ‘- This comstruction

is shown in section in Figure 2. I do-not claim
the contact-making device and actuating means
as novel. It is capable of wide variation; a num-
ber of satisfactory types of comtact making de-

- vices being cuzrently used. A terminal 38 .con-
nects with the contact device through a bar 34.

Terminals 35 and 3§ connect with the respective
ends of the resistance element. The casing may
be closed by an insulating plate 31. I have shown
the tap terminal 28 arranged for -external con-
tact with the terminal of the slider 33; but {f
desired permanent comnection may be made in
the device, as by continuing the bar 34 and fas-
tening it to the terminal 26.

The device which I have just described is a
satisfactory commercial embodiment of my in-
vention; but my invention is not restricted to the
specific mechanism which I have described, since
obviously many styles of variable resistances are
adapted by modification to be fitted for use as I
have indicated. Furthermore, instead of apply-
ing the radio and audio frequency volume control
to a plate and grid circuit respectively, it can
be applied to other circuits in which it is cus-
tomary to control volume by an added resistance.

Having thus described my invention, what I
claim as new and desire to secure by Letters Pat-
ent, is: —

1. In a volume control apparatus, devices op-
eragtive in a definite order, the first device to op-
erate diminishing volume by inserting a resistance
in the plate circuit of a radio-frequency tube,
and the device next to operate adapted for dimin-
ishing volume in the audio-frequency circuit, and

-comprising a potentiometer in the grid circuit of

an audio-frequency tube.

2. In a volume control apparatus, devices op-
erative in a definite order, the first device to op-
erate diminishing volume in the radio-frequency
circuit, said device first to operate comprising a
variable resistance in the plate circuit of a radio
frequency tube, sald resistance being of a mag-
nitude sufficient to stop oscillation without pro-
ducing ripple, and the device next to operate
adapted for diminishing volume in the audio-fre-
quency circuit sufficiently to complete the total
desired variation.

3. In & volume control apparatus, devices op-
erative in a definite order, the first device to op-
erate diminishing volume in the radio-frequency
circuit, said device first to operate comprising a
variable resistance in the plate circuit of a radio-
frequency tube, said resistance being of a magni-
tude sufficient to stop oscillation without pro-
ducing. ripple, and the device next to operate
adapted for diminishing volume in the audio-fre-
quency circuit sufficiently to complete the total
desired variation, said last mentioned device
comprising a short-circuiting variable resistance
in the grid circuit of an audio-frequency tube.

4. In a volume control apparatus, devices oper-
ative in g definite order, the first device to operate
diminishing volume in the radio frequency circuit,
said device first to operate comprising a variable
resistance of the order of 5000 ohms in the plate
circuit of a radio-frequency tube, and the device
next to operate adapted for diminishing the vol-
ume in the audio-frequency circuit sufficiently to
complete the total desired variation, said means

-3

comprising a variable short-circuiting resistance
in the grid circuit. of an audio frequency tube,

‘said resistance being of the order of 250,000 to

500,000 chms. - :

5. In a volume control apparatus, devices oper- -

ative in a definite order, the first device to operate
diminishing volume in the radio frequency circuit,
said device first to operate comprising a variable
resistance of the order of 5000 chms in the plate
circuit of a radio-frequency tube, and the device
next to operate adapted for diminishing the vol-
ume:in the andio-frequency circuii sufficiently to
complete the total desired variation, said means
comprising. a variable short-circuiting resistance

in the grid circuit of an audio frequency tube, said

resistance being of the order of 250,000 to 500,000

‘ohimns, the specified operation of said device pro-
-gressively  fiest increasing said radio-frequency

resistance from zero to maximum, and thereafter
decreasing said audio-frequency resistance from
maximum to minimum,

6. In a volume control apparatus, a resistance
device comprising & low resistance portion and a
high resistance portion, said low resistance por-
tion connected in the plate circuit of a radio-fre-
quency tube, and said high resistance portion
short-circuiting the grid of an audio-frequency
tube, and means operative for short-circuiting
both resistance portions, saild means being com-
monly operative for both portions, in a single
movement, to short-circuit said resistance por-
tions in the order named.

7. In a volume control apparatus, a resistance
element comprising a low resistance portion and
a high resistance portion, said low resistance por-
tion connected in the plate circuit of a radio-
frequency tube, said high resistance portion
short-circuiting the grid of an audio-frequency
tube, and means operative for short-circuiting
both resistance portions in a definite order of
succession, said means arranged in a progressive
movement, and in the first stage of said move-
ment to increase said low resistance portion from
zero to maximum and thereafter to decrease said
high resistance portion from maximum to zero
and vice versa.

8. In a volume control apparatus, g resistance
element comprising a low resistance portion and
a high resistance portion, said low resistance por-
tion connected in the plate circuit of a radio-
frequency tube, said high resistance portion
short-circuiting the grid of an audio-frequency
tube, and means operative for short-circuiting
both resistance portions in a definite order of
succession, said means arranged in a progressive
movement, and in the first stage of said move-
ment to increase said low resistance portion from
zero to maximum and thereafter to decrease said
high resistance portion from maximum to zero
and vice versa, said means comprising a common
contact member electrically connected to said
resistance element at the juncture of the high
and low resistance portions.

9. In a volume control, a resistance in the plate
circuit of the plate of a radio-frequency tube,
said resistance having a portion of maximum
resistance sufficient to produce a diminution of
volume and prevent oscillation but insufficient to
produce ripple, and a portion of negligible resist-
ance, and a contact member, so arranged that a
movement in one direction will increase said re-
sistance to a maximum and then maintain said
resistance at said maximum during a further
movement, and a short-circuiting resistance in
the grid circult of an audio-frequency tube in the
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same radio set, said resistance having & portion
of negligible resistance and .a portion .of a resist-
ance high enough to permit said andio-frequency
tube to function, and a contact member, so ar-
ranged that a movement in the same -direction
will, for a distance, make no change in said
circuit, and upon further movement will decrease
said resistance from maximum to zero, and means
for simultaneously moving said contact members
in the same direction.

10. In a volume control, g variable resistanoce
in the plate circuit of a radio-freguency tube of
the -order of 5000 ohms having a segment of neg-
ligible resistance, and a contact member, and a
variable resistance .of the order -of 250,000 to
500,600 ohms short-circuiting the grid of an
audio-frequency tube in the same radio set, and
having a .segment of negligible resistance, and a

2,012,393

contact member, and means for moving :said con-
tact members simultaneously, whereby said radio-
frequency resistance may be increased from zero
to meximum while no change -ooccurs in .said
audio-frequency resistance, and maintained at
said maximum while said audio-frequency resist-
ance is decreased from maximum to zero and
vice versa.

11, The method of eontrolling volume in a radio
receiving set which consists in diminishing vol-
ume in the radio-freguency ecircuit -of said set in
minimum proportion, from its most stable and
efficient operating condition, and diminishing
volume in the audio-frequency circuit of said set
in the substantially :;greater proportion to effect i
the aggregate desired variation in valume of the
set, for the purposes set forth.

DORMAN D. ISRAEL.




