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This invention relates to carrier trans-
mission systems and particularly to means
for controlling the transmission level of

. such system either manually or automati-

5 cally in such manner that the over-all

equivalent of the circuit remains constant
at all times. : S

- In radio broadecasting systems it is fre-

- quently desirable to connect a plurality. of

10 broadcasting stations by means of wire cir-
cuits over which'the broadcast. program 1s
transmitted to each of the said stations by
means of a carrier channel from a central
- distributing point. ©* While the transmission

15 of certain programs, particularly those in-
volving high grade music, renders it neces-
sary to transmit a wide range of volume, it
is desirable to-reduce the voluiie range 1n
transmitting over the line itself to a-rela-

.20 tively narrow range of levels by controlling
the input circuit, and to control the output
circuit so that the level range may be ex-
panded to its original proportions.

It is the object of this invention to pro-

95 vide, in'a carrier system employed in broad-
cast transmission, means to simultaneously
and variably control the input and the out-
put levels of such a system, which control may
be eflected either manually or automatically;

30 whereby the over-all equivalent of the cir-
rcuit is rendered constant.

This invention will be clearly understood
from the following description when read in

" connection with the attached drawing, of

35 which Figure 1 shows a form of embodi-
ment of the invention in which the level
control is effected manually and by means of
a separate control circuit between the trans-

.. mitting and the recciving circuits of the sys-

40 tem; Fig. 2 is a curve showing the relation
-between the grid voltage and the gain of
a modulator or demodulator; Fig. 3 is an-
other form of embodiment of the invention

. empleying manual control, but utilizing the

45 transmission ecircuit for effecting the con-
trol at the receiving end of the line, and Fig.
4 shows the use of an automatic control sys-
tem in a transmitting system substantially

" like Fig. 3.

50 . In Fig. 1, the line I, represents an input
circuit having any form of transmitting ap-
paratus connected therewith for picking up
the program that is to be transmitted by
means of the carrier system to the distant

55 end of the circuit. This line has connected

24, 1925. Serial No. 77,607. "

therewith a level indicator 1 which shows
the energy level at the input of the carrier
transmission system: ' The line L, is con-
nected by means of the transformer 2 with
the input circuit of the modulator M,, which
is preferably. of the carrier suppression
type shown 1n the patent to J. R. Carson,
No. 1,449,382 which issued on March 27,
1923. : : : '
This modulator employs the vacuum tubes
3 and 4, the grids of which are connected
with the terminals-of the secondary winding
of the transformer 2, and the plates of which
are connected with the terminals of the pri-
mary winding of the transformer 5. The
input circuit of the modulator also includes
a connection between the midpoint of the
secondary winding of the transformer 2 and
the filaments of the tubes 8 and 4. This
connection embraces a source of carrier cur-
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rent 6 and a condenser 7 across which is .

connected the level control device compris-

" ing the apparatus within the dotted line 8.

This level control device includes a source
of direct current voltage 9 for nega-
tively biasing the grids of the tubes and
potentiometers 10 and 11. This level con-
trol device is connected by means of the
control circuit 1., with the receiving circuit
of the carrier system being bridged across
the condenser 12 of the demodulator D,
which will be fully described hereinafter.
The secondary winding of the transformer
5 is connected with the band filter 13, which
in turn is connected with an- amplifier 14,
the connection haviug bridged across it a
level indicator 15. The output side of the
amplifier is connected with a band filter 16
which in turn is connected with the line I,
which connects the transmitting station of
the carrier systemi with the receiving sta-
tion. The line L, is connected with the
receiving circuit by the transformer 17.
This receiving circuit comprises the balanced
tubes 18 and: 19, and the circuit is substan-
tially like the modulating circuit at tlie
transmitting station having a source of car-
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rier frequency 20 connected with it in order -

to effect demodulation of the modulated car-
rier currents. The output of the demodu-.
lating circuit is connected by the trans--
former 21 with an output circuit which may
be connected with the input circuit of the
radio broadcasting station. L

It will be seen that the source of direct
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current potential 9 .provides the grid poten-

" tial not only for the tubes of the modulator
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M,, but also for the tubes of the demodulator
D,, being connected with the latter tubes by
the control circuit I,. Tt will further be seen
that this grid pdtential is rendered variable
by the potentiometer 10—11, one of which
resistances is connected with the grid circuit
of the modulator M,, and the other resistance
with the grids of the demodulator D,. = As

“will be seen from the curve shown in Kig. 2,
the gain of a modulator or demodulator is a.

function of the grid voltage. This curve
shows that as the grid voltage increases, the
gain of a modulator or demodulator is like-

wise increased, and a-decrease of grid voltage .

produces an opposite effect upon the modu-

_lator -or demodulator. The circuit of the

level control device 8 is so arranged that a
movement of the potentiometer 10—I11 in

the direction for increasing the grid poten--

tial of the modulator M, at the transmitting
end effects also a variation in the grid poten-
tial of the derwdulator D; at the receiving
end, the latter change being in opposite di-

“rection to the former. It is, of course, desir-

able that the normal grid voltage upon the
tubes shall be such that the variation up-

~wards and downwards of the said voltage
may be made along-the straight part of the

curve shown in Fig. 2.

In the operation of the system, the oper-
ator watches the level.indicator 1 during the
time in which the audio frequencies repre-
senting the program are applied by the line

- L, to the modulator M,.” The carrier fre-

quency of the source 6 which will be modu-
lated by the audio frequencies will be im-
pressed upon the circuit containing the band

filter 13, the amplifier 14 and the band filter

©16. " A single side band would be passed by

the filters 13 and 16 and amplified by the’
‘amplifier 14, and ufter trangmission over the

45

line L,, would be detected by the demodulat-
ing circuit D,. If the level of the input eir-
cuit L, increases above the desired point, the
operator adjusts the potentiometer 10—11 in

order to decrease the gain produced by the.

modulator M,, and to increase the gain pro-
duced by the demodulator 3,. In this way,
the transmission equivalentof the line a a

. whole is maintained constant:

" The arvangement shown in Fig. 8, in which
the same reference symbols have been used,
as in Fig. 1, is also a manually controlled
svstem, but differs from the arrangement
shown in Fig. 1 in that it does not require

. a separate control circuit such as L, of Fig. -1

80

-to effect the regtlation of the grid voltage

of the demodulator D, at the receiving .end

“.of the system. The output side of the trans-

[

mitting circuit is connected with the branch

transmission line 'TL to which a plurality of

similar transmitting circuits of other chan-
nels may be connected. This transmitting

1,873,792

branch has in it a high pass filter 22 in order
to select the carrier channels and to dis-
criminate against low frequency signals

“which also may be sent simultaneously over

the line L,. In similar manner, at the receiv-
ing end of the system, the branch receiving
line RL: is.connected with the line L, and
has in it a high pass filter 25. The input cir-
cuit of the modulator M, has a normal grid
biasing battery 30, and similarly the de-
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modulator D,, a battery 31. 'The level con- .

trol device consisting of the battery 9 and &
potentiometer 29 is arranged so that its

potential will vary in opposite ways the °

grid potential of the modulator tubes 3 and
4, and the demodulating tubes 18" and 19.

80

This variation of the grid potential is effec: - -

tive over the branch circuits 34.and 85 con-
nected by the line L,. Transmission of the
unmodulated carrier from the sources § and
20 is prevented

composite sets CX, and CX,, which permit

?g the employmient of the.
1

85

the passage of the direct current potentials -

of the grid biasing battery 9, but suppress
the high frequency carrier. .

The method of operation is substantially
the same as in Fig. 1, the operator watching
the level indicator 1 and varying the poten-
tiometer 29 to effect a reduction of the gain
of the modulator M, and an increase in the

80

‘gain’ of the demodulator D, whenever the .

Ievel of the line 1, increases above a
termined amount. If the level of the line I,
falls, the operator would, of course, produce

an opposite effect, namely, increase the gain-

of the modulator M, and decrease that of the
demodulator D,. . :
The-arrangement shown in Fig. 4 is struc-
turally similar to that shown in Fig. 3, ex-
cepting that by means of the elements 40 to
43, inclusive, the level control is automati-
cally effected. That is to say, as the level
rises and falls in the line L, above or below a
predetermined limit, a small portion of this
energy is taken off by the branch circuit with
which the regulation is.connected, and is im-
pressed by the transformer 40 upon the recti-
fier- 41. The magnitude of. the rectified
energy will, of course, depend upon the level

of the voltage in the line L,. This rectified i

voltage, however, includes all the fluctuations

in the speech energy, and therefore could

not be used directly to vary the grid poten-
tial of the ‘modulating and demodulating
tubes without. further smoothing out of the
wave. This smoothing out is effected by
means of the low pass filter 42 connected with
the output side of the rectifier 41, and termi-
nating in the.resistance 43. This low pass
filter 1s so proportioned as to substantially
‘eliminate all the audio frequency ripples
upon the rectified voltage and to render it
substantially uni-directional. This voltage

will be applied to the input circuits of the
'modulator and the demodulator across the
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- lator:is also dependent upon the amount of
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responsive level control.
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condensers 7 and 12 in such way as to in-
crease the grid potential of the modulator,
and simultaneously to decrease the grid. po-
tential of the demodulator, or vice versa.
This control voltage is transmitted over the

‘line L® through'the composite sets CX, and

CX, in the manner in which the contr ol volt-
age was transmitted in the arrangement of
FIO‘ 3.

The low pass filter 42 will have to be ad-

justed in transmission characteristics so that

the resultant gain control is neither too fast,
that is to say, “it should not follow all of the
rapid fluctuations of the audio energy, or
too slow, that is, not providing sufliciently
If desirable, time
lag circuits may be introduced in various

parts of the arrangements to effect some im-
provement-in its placmcal operation. It is

possible to have the control channel trans-
mitted at carrier frequency from the sending
to the receiving end, and it is furthermore
possible to have this control channel pro-
vided by the carrier current itself, since the
effective gain of the modulator or demodu-

carrier energy supplied. In such a case, in-
stead of having a constant carrier supplied,

as illustrated in the figure, the grid potential-

might be made constant and the carrier sup-
ply transmitted to both terminals and caused
to vary properly in relation to the input of
the voice energy.

While thlS invention has been disclosed as
embodied in certain forms, it is capable of
embodiment in other and different forms
without departing from the spult and scope
of the appended claims.

What is claimed is:

1. In a signaling system.in whlch a high
frequency wave is modulited by a signal, the
combination with a transmission circuit of a
signal input circuit, a signal output eircuit,
a modulating circuit, having a source of car-

. rier current connected therewith, effectively

connecting said.signal input circuit with said
transmission cireunit, a demoduldting circuit,
hkewise having a source of carrier current,
effectively connecting said transmission cir-
cuit with said signal output circuit, and
means connected with said signal input cir-
cuit and with said modulating. and demodu-
lating circuits and regulated by the strength
of the input signal to control the energy level
at the input and output ends of said trans-
mission circuit, thereby maintaining constant
the over-all equivalent of said system.

9. In.a signaling system in which a high
frequency wave is modulated by a signal, the
combination with a transmission circuit of a

signal input circuit, a signal output cireuit,
2 modulamnv circuit 1n*erposed between said

- input nlrcult and said transmission circuit to

modulate a carrier current by said signal
and to impress it upon said transmission cir-

3

cuit, a demodulating circuit interposed be-
tween said transmission cireuit and said out-
put circuit to demodulate the modulated car-
rier and to impress the resulting signal upon
said output circuit and means contlohod by
the current of the signal input circuit to con-
trol the magnitude of the gain produced by
said modulator. and 'demodulator thereby
automatically maintaining constant the over-
all transmission.equiva alent of said system.

3. In a signaling system in which a high
frequency wave is modulated by a signul,
the combination with a trapsmission circuit
of a signal input circuit, a signal output cir-
cuit, a modulating circuit interposed -be-
tweer? said input circuit and said transmis-
sion cireuit to modulate a-carrier current by
said signal and to impress it upon said trans-
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mission cireuit, a demodulating cireuit in- .

terposed between said transmission circuit

85

and said output circuit to demodulate the .

modulated carrier and to impress the result-
ing -signal upon said output cireuit, a recti-
fier than‘ its input side connected with the
said 1nput «ciretit and its output side con-
nected with said modulating and demodulat-

90"

ing circuits, the latter connection including.

a low pass filter to smooth out the unidirec-
tional current resulting from the rectifica-
tion of the signal potentlal applied to said
rectifier, thelebv automatically maintaining
constant the over-all transmission equlvalent
of said system.

4. In a signaling system in which a high
frequency wave is modulated by a signal,
the combination with a transmission circuit

of a signal input circuit, a signal output

circuit, a vacuum tube modulator interposed

between -said input circuit and said trans-

mission circuit having a source of carrier
oscillations adapted to be modulated by the
singal,a vacuum tube demodulator interposed
between the said transmission circuit and the
said output circuit adapted to dermodulate
the said modulated carrier oscillations, and
rectifying means having its input side con-
nected with said input cireuit and its output
side connected with said vacnum tube modu-
lator and demodulator adapted to vary the
grid potential of the vacuum tubes in accord-
ance with the vanatmns in strength of the
lnpu‘L signal.

5. In a signaling system in which a high
frequency wave is modulated by W.SIgnaI
the combination with a transmission circuit
of a signal input circuit, a signal output cir-
cuit, a modulating cireuit connectlno said-
1nput cirenit with said transmission cucult,
a demodulating circuit connecting said trans-
mission circuit with said output circuit, and
means responsive to the strength of the in-
put signal to aatomatically maintain con-

stant tlie over-all transmission equivalent of

the system.
6. In o signaling system in which a high
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frequency wave is modulated by a signal,
the combination with a transmission eircuit
of a signal input circuit, a signal output cir-
cuit, a ‘modulating. circuit connecting said
input circuit with said transmission circuit,
a demodulating circuit connecting the said
transmission circuit with the said output cir-
cuit, and a rectifier having its' input side

" connected with the signal input cirenit and

10

having its output side connected with said

" modulating circuit and said demodulating

15

cireuit, the said latter connection including
a low pass filter to smooth out. the rectified

" voltage.

7. In a signaling system in which a high
frequency wave is modulated by a signal,
the combination with a transmission circult

of a signal input circuit, a signal output cir-;

1,873,792
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cuit, a vacuum tube modulating circuit con-.

necting said input eircuit with the said trans-
mission cirenit,.a vacuum tube demodu-

lating circuit connecting the said trans--

mission circuit with the said output circuit,
and means connected with the signal input
circuit and with said modulating circuit and
demodulating circuits to automatically vary
the grid potentials of each of the tubes of
the said modulating circuit and said demod-

ulating circuit to substantially the same de-

gree but in opposite polar directions, thie

said variations corresponding to changes m-

the energy level of the signal input circuit. |

In testimony whereof, I have signed my
name to this specification this 23rd day of
December, 1925. S
o - 'HERMAN A. AFFEL.
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