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This invention relates to tmn§missi9n
regulation, and particularly to amplifier cir-

- euits,

An object of the invention is to adjust the
transmission characteristics of a translating
device or circuit.

A related object of the invention is to
regulate the gain of a vacuum tube amplifier.

Another object of the invention is to main-
of a carrier

only within narrow limits, under wide vari-
ations in transmission conditions.

The invention provides means for regulat-
ing the gain of a vacuum tube amplifier by
manually or automatically controlling the
coupling impedance thereof.

In a particular embodiment of the inven-
tion, one or more three-electrode vacuum
tubes are employed as coupling impedances
between the stages of a vacuum tube am-
plifier. _

The gain of the amplifier is a function of
the filament to plate impedance of the cou-
pling tube which, in turn, is a function of its
grid potential, and the gain of the amplifier
1s controlled, in accordance with the inven-
tion, by regulating the grid potential of the
coupling tube, . ,

The invention is particularly adapted for
stabilizing. the transmission - characteristics
of a repeater circuit, such as is employed for
example in a carrier wave signaling system.
In systems of this type, employing fairly
high frequencies, changes in the attenuation
of the transmission medium produce corre-
sponding variations in the overall transmis-
sion equivalent of the system, and result in
large fluctuations in the volumé of a tele-
phone or other message being transmitted.

In order to overcome the effects of trans-
mission variations in such systems, it is com-
mon practice to subject a pilot current to the
same conditions as those affecting the sig-
naling currents, and to utilize the pilot cur-

rent so transmitted to adjust the transmission

at repeaters or other points in the system.
Such a system is shown, for example, in
Patent No. 1,511,013 to H. A, Affel, issued
October 7, 1924. -

In accordance with a feature of the pres-
ent invention, a pilot current is transmitted
between the terminals of a carrier signaling
system, and is utilized to control the grid po-
tential of a vacuum tube which is employed
as the coupling impedance of an amplifier

-§8

located at some point in the transmission line, -

The pilot current is selected from the line
at the repeater point, rectified and applied to
the grid of the coupling tube. The polarity
of the direct current potential impressed on
the grid of the coupling tube is such that for
an increase in the level of the pilot current,
the gain of the amplifier is decreased, and for
a decrease in the level of the pilot current
the gain of the amplifier is increased.

In the drawing, Figs. 1 to 4, inclusive, are
circuit diagrams 1llustrating different appli-
cations of the invention, like reference char-
acters indicating corresponding parts in the
several figures.

In Fig. 1, an incoming transmission line
section W terminates in the primary wind-
ing of an input transformer 5, and an out-
going line section E terminates in the second-
ary winding of an output transformer 6.

The two-stage amplifier connecting line
sections W and E includes a pair of three-
electrode vacuum tube amplifiers 7 and 8
connected in tandem. The input circuit of
the tube 7 is connected to the secondary wind-
ing of transformer 5, and the output circuit
of the tube 8 is connected to the primary
winding of transformer 6. ’

The output circuit of the amplifier tube 7
is coupled to the input circuit of the amplifier
tube 8 through a shunt impedance controllin
tube 9. A constant space current is supplie
to the tubes 7 and 9 through choke coil 10
from batery 11, which may also supply space
current to the tube 8.

The alternating voltage in the output cir-
cuit of tube 7 is impressed upon the grid of
the amplifier tube 8, through condenser 12
and resistance 13. In an impedance cou-
pled amplifier the voltage supplied to the
grid of the second stage tube depends upon
the value of the coupling impedance, being

large when the coupling impedance is large

compared to the impedance of the first tube,
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and decreasing as the ratio between these
impedances becomes smaller. Since the im-
pedance of the choke coil 10 and of the resist-
ance 13 may be made very high, the filament
to plate impedance of the coupling tube 9,
being comparable to the filament to plate
impedance of tube 7, will be the controlling

~ factor in the ratio of impedances upon which
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' 8 depends.
-ance of the coupli‘n%

the voltage impressed upon the grid of tube
Hence the gain of the amplifier
is & function of the ﬁlagnent to plate imped-
tube. :

Since the gain of the amplifier is a func-
tion of the glament to plate impedance of
the coupling tube 9, which in turn is a func-

- tion ‘of its grid potential, it is evident that

the gain of the amplifier may be controlled
by regulating the grid potential of the cou-
p{ing tube. The grid circuit of the coupling
tube 9 includes the negative polarizing bat-
tery 14 and the variable potentiometer 15.
The potentiometer 15 may, therefore, be ad-
justed to vary the grid potential sup(fhed to
the coupling tube 9 to increase or decrease
the gain of the amplifier. :

Fig. 2 shows a one-way repeater for car-
rier wave signaling systems, provided with

- means for adjusting the gain of the amplifier

30

in accordance with changes in the transmis-
sion efficiency of the line. A two-way re-
peater may be provided by duplicating the
circuit to provide a path for operation in

- the opposite direction.

40

- In addition to the signaling frequencies

‘which are adapted to be amplified in the re-

peater, a pilot current is also impressed upon
the line section W in the usual manner at
the distant términal, not shown.

The pilot current is selected from the out-
put of the repeater, to the exclusion of all
other frequencies, by means of a selective
circuit 16, which may be either a tuned cir-

- cuit or a band filter of well-known type. The
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. W is normal.
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selected pilot current is then amplified in an

‘amplifier 17, and rectified by means of a recti-

fier 18 of any well known type. A low pass
filter 19 is included in the output circuit of
the rectifier to prevent the transmission of
any unrectified components of the pilot cur-
rent to the grid circuit of the coupling tube 9.

. The output of the rectifier 18 is so poled
that the direct current potential thus im-

pressed upon the grid of the coupling tube
will oppose the direct current potential from
the grid polarizing battery 14. The poten-
tiometer 15 is so adjusted that the total grid
potential, and hence the filament to plate im-
pedance of the coupling tube 9, will be such
as to provide the desired amplifier gain when
the transmission efficiency of the line section
An increase or decrease in the
direct current potential in the output of rec-
tifier 18, in response to an increase or decrease
in the transmission efficiency of the line sec-

tion W will, therefore, result in a correspond- .
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ing change in the filament to plate im‘ped-'

ance of the coupling tube 9, and hence will
produce & compensating change in the am-
plifier gain. e amplifier is thus made self-
regulating, an increase in the amplitude of

‘the pilot- current causing.a decrease in the

gain of the amplifier, and a decrease in the
amplitude of the pilot current causing a cor-
responding increase in gain. ‘

ig. 8 illustrates the application of the in-
vention to a balanced amplifier circuit. In
this circuit the first stage of the amplifier in-
cludes a pair of three-electrode electron dis-
charge tubes 20 and 21 connected in push-
pull relation, and the second stage of the
amplifier includes a pair of tubes 22 and 23
similarly connected. To provide a variable
coupling impedance, tubes 24 and 25 are.con-

nected in shunt across the input circuit of

tubes 22 and 23 in the manner shown. The
grid circuits of tubes 24 and 25 are paralleled
with respect to the source of grid potential
while the plate circuits are paralleled with re-
spect to the source of plate potential. In all
other respects, the grig and plate circuits are
connected in a manner similar to that de-

scribed above. This shunt connection pro-.

vides an alternating current path consisting
of the space paths of tubes 24 and 25 in series.
The impedance formed by the two discharge
spaces in serles is not affected by the voltages
impressed on the anodes but is dependent
upon the voltage impressed upon the grid cir-
cuits of these tubes.

While the pilot current may be picked up

“in the manner described in connection with

the system of Fig. 2, it is found that increased
sensitivity may be obtained by utilizing the
second harmonic of the pilot current for reg-
ulating purposes, as disclosed in a copending
application of C. W. Green, Serial No. 5,969,
filed January 31, 1925, which became Patent
1,565,925, December 15, 1925. The second
harmonic of the incoming pilot current may
be picked up across the resistance 26 in the
common output path of the second stage am-
plifier where the level of second order modu-
lation products and second harmonics is high-
est. The second harmonic is then amplified,
rectified and applied to the parallel grid cir-
cuits of the coupling tubes. When the at-
tenuation of line section W departs from nor-
mal, the gain of the amplifier will be auto-
matically adjusted to compensate for the ab-
normal line conditions. It will also be seen
that increased sensitivity is obtained by using
the second harmonic of the pilot current, as

the amplitude of the second harmonic will-
‘vary as the square of the amplitude of the

pilot current. _

- Fig. 4 shows a single stage amplifier em-
ploying a vacuum tube as a coupling imped-
ance in its input circuit. This modification
may be substituted for the portion of the sys-
tem above the dotted line a—b of Fig. 2 to
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grovide a single stage pilot-controlled ampli-
er.. In this case the input impedance of the
amplifier tube 8 is controlled by coupling tube
9, the filament to plate impedance of which is
automatically regulated in response to
changes in the incoming pilot current, in the
manner described above.

"The invention set forth herein is, of course,
susceptible of various other modifications
and adaptations not specifically referred to,
but included within the scope of the append-
ed claims. S

What is claimed is:

1. In a system of transmission regulation,
a translating device having input and output
circuits, a transmission line connected to said
translating device, a three-element electron
discharge device having a filament, plate and
control element, said filament and plate be-
ing associated with said input circuit effec-
tively in shunt to said translating device, and
means independent of the instantanéous value
of current in said line to control the potential
of said control element. ‘

2. In a system of transmission of regula-
tion, an amplifier having divided input and
divided output circuits, three-element elec-
tron discharge devices each having a filament,
plate and control element, said filaments and
plates being associated with said input circuit
effectively in shunt to said amplifier, and inde-
pendent of said shunt connection means to
control the potential of said control elements.

3. In a system of transmission regulation,
a variable transmission line, an amplifier com-
prising a pair of electron discharge tubes
connected in tandem, a coupling impedance
comprising an electron discharge tube in
shunt to said first mentioned tubes, a source
of grid potential for said coupling tube, and
means independent of the instantaneous value
of current in said line for varying said grid
potential to regulate the gain of said am-
plifier.

4. In a system of transmission regulation,
e variable transmission line, a translating de-
vice having input and output circuits asso-
ciated with said line, an electron discharge
device in said input circuit in shunt to said
translating device, and means independent
of periodic changes of current in said line for
varying the internal impedance of said dis-
charge device when in accordance with the
transmission efficiency of said line. '

5. In a system of transmission regulation,
a variable transmission line, a translating
device having input and output circuits asso-
ciated with said line, a three-element electron
discharge device having its filament and plate
connected across said input circuit, a source
of grid potential for said discharge device,
and means independent of periodic changes of
current in said line for varying said grid po-
tential in accordance with the transmission
efficiency of said line.

8. In a system of transmission regulation,
a variable transmission line over which a pilot
wave is transmitted, a translating device hav-
ing input and output circuits associated with
said line, an electron discharge device in said
input circuit in shunt to said translating de-
vice, and means controlled by said pilot wave

70

for adjusting the internal impedance of said -

discharge device. :

7. In a system of transmission regulation,
a variable transmission line over which a pilot
wave is transmitted, a translating device hav-
ing input and output circuits associated with

-sa1d line, a three-element electron discharge

device having its filament and plate connected
across said input circuit, a source of grid po-
tential for said discharge device, and means
for varying said grid potential in accordance
with the amplitude of said pilot wave.

8. In a system of transmission regulation,
a variable transmission line over which a pilot
wave and signaling waves are transmitted, a
repeater comprising a three-element electron
discharge device havin, input and output cir-
cuits associated with sald line, a second three-
element electron discharge device having its
filament and plate connected across said input
circuit, a source of grid potential for said sec-
ond discharge device, and means for vary-

ing said grid potential in accordance with the

amplitude of said pilot wave.
9. In a system of transmission regulation,

-8 variasble transmission line over which a

pilot wave and signaling waves are trans-
mitted, a repeater associated with said line
and comprising a pair of three-element elec-
tron discharge devices connected in tandem,
a coupling impedance comprising an electron
discharge tube in shunt to said first mentioned
tubes, a source of grid potential for said cou-
pling tube, and means for varying said grid
potential in accordance with the amplitude
of said pilot wave.

10. In a system of transmission regulation,

a variable transmission line over which a pilot
wave and signaling waves are transmitted, a
repeater comprising a three-element electron
discharge device having input and output cir-
cuits associated with said line, a second three-
element electron discharge device having its
filament and plate connected across said in-
put circuit, a grid circuit including a source of
grid polarizing current for said second dis-
charge device, means at said repeater for se-
lecting the pilot wave from said line, means

_to produce from the selected pilot wave a di-

rect current potential whose amplitude de-
pends upon the transmission conditions to
which the pilot wave has been subjected, and
means to impress the direct current potential
so derived upon said grid circuit in opposite
polarity to said grid polarizing current to
control the gain of said repeater.

11. In a system of transmission regulation,
a variable transmission line over which a
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‘pil(lt wave and signaling waves are trans-~

mitted, a repeater associated with said line
and comﬁrismg a pair of three-element elec-
tron discharge devices connected in tandem, a
coupling impedance comprising a three-ele-
ment electron discharge device in shunt to
said first mentioned devices, a grid circuit
including a source of grid polarizing current
for said coupling device, means at said re-
peater for selecting the pilot wave from said
line, means to produce from the selected pilot
wave a direct current potential whose ampli-
tude depends upon the transmission condi-
tions to which the pilot wave has been subject-
ed, and means to impress the direct current
potential so derived upon said grid circuit in
opposite polarity to said grid polarizing cur-
rent to control the gain of said repeater.

12. In a transmission system, a variable
transmission line, an impedance element the
impedance of which is independent of the in-
stantaneous magnitude of the voltages of the
transmitted currents, and means to apply a
control potential to said element in accord-
ance with the attenuation on said transmis-
sion line, said impedance being a function-
of said applied control potential.

13. In a system for transmission regula-
tion, an amplifier having divided input and
divided output circuits, a transmission line
connected to said amplifier, three-element
electron discharge devices having control ele-
ments, said devices being connected in said
output circuit effectively in shunt to said
amplifier, and means for controlling the po-
tential of said control elements in accord-
ance with the current attenuation. in said
line but independently of instantaneous val-
ues of current therein. B

14. In a transmission system, an amplifier
having input and output circuits, a transmis-
sion line connected to said input circuits an
impedance element having two pairs of ter-

. minals, two of said terminals being connected
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across said output circuit means inde-
pendent of the magnitude of potentials ap-
plied to said pair of terminals but dependent
on controlled potentials applied to the other
pair of terminals for controlling the im-
pedance of said element, and means for au-
tomatically varying the potential applied
to the last mentioned pair of terminals in
accordance with the transmission conditions
on said line but independent of periodic
changes of potential therein. o

15. In a transmission system, an ampli-
fier having input and output circuits, a trans-
mission line connected tc said input circuit,
an impedance element having two pairs of
terminals, two of said terminals being con-
nected across-said output circuit means in-
dependent of the magnitude of potentials ap-
plied across said two terminals but dependent
upon controlled potentials applied to the

‘other pair of terminals for controlling the

1,784,310

impedance of said element, and means for
varying the potential ap{)lied to the last
mentioned pair of terminals only in accord-
ance with the attenuation on said transmis-
sion line. , : .

16. A wave translating system comprisin
a pair of space discharge devices, é)ivide
grid and plate circuits therefor each having
a common branch, each of said space dis-
charge devices having a cathode, anode and
grid element, means to apply currents to
the space paths of said devices in series, and
means to apply a control potential to the

grids of said devices in parallel across the

common portion of their grid circuits, said
space discharge devices oﬁzring an imped-
ance to said currents which is substantially
independent of their magnitude but which
is a function of said control potential.

'17. In a transmission system, a transmit-
ting medium having signaling energy im-
pressed thereon, a space discharge device
in shunt to said medium, and control means

independently connected to said medium for

varying the impedance of said space dis-
charge-device only in accordance with trans-
mission conditions obtaining on said medium.

18. In a signalling system, a transmitting
medium having signaling energy impressed
thereon, a space discharge device connected
in shunt to said medium, and control means
connected to said medium for varying the
impedance of said space discharge device
independently of periodic oscillations in said
medium but in accordance with the volume

of the energy impressed on said medium to

control the volume of energy transmitted
over the system. ,

19. In a transmission system, a transmit-
ting circuit having signaling energy im-
pressed thereon, a space discharge device con-
nected in shunt to said circuit, and control
means connected to said circuit for varying

the impedance of said space discharge de--

vice to vary the energy transmitted over the
system in accordance with the transmission
conditions obtaining on said circuit but in-
dependently of periodic variations in said
circuit. : .

20. In a transmission system comprising
a variable coupling impedance, means for
impressing current variations upon said sys-
tem, and means for varying said coupling
impedance in accordance with the attenu-
ation of said variable current but inde-
p;sn‘dently of the instantaneous values there-
of. -
21. The combination with a signal trans-
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mission line whose transmission character- -

istic is subject to change, of a space discharge
device having its cathode and anode con-

nected in shunt relation with respect to said

line, said device having a grid- or control
element, a circuit for varying the potential

.of the grid of said device in accordance with
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changes in the transmission characteristics
of said line and means in said circuit for
preventing the potential of said grid from
following signaling variations transmitted -
over said line.

In witness whereof, I hereunto subscribe
my name this 25th day of February, A. D.

1925. :
GEORGE T. LORANCE.
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