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My invention relates to an improved signal am-
plifier and more particularly to amplifiers which
operate simultaneously to amplify independent
signal currents of different frequencies. While

6 not limited thereto, my invention is particularly
suited for use in an amplifier operating in-ac-
cordance with the reflex principle wherein modu-
lated signal currents are first amplified at a rela-
tively high frequency, are demodulated, and are

10 then re-amplified by the same amphﬁer at a

lower frequency.

An object of my 1nvent10n is to provide a
signal amplifier having its input and output cir-
cuits arranged in the form of balanced Wheat-
stone bridges whereby signals of different fre-
guencies may be simultaneously amplified in the
amplifier free from interaction one with the other.

A further object of my invenlion is to provide
o in a reflex amplifier an arrangement which dis-
20 penses with the need for filters hereinbefore
necessary to prevent the return with the demodu-
lated signal of high frequency modulated cur-
rents from the output to the input circuit of the
amplifier and one which, therefore, insures a
more uniform amplification response for the
meodulation components of the signal.

An additional object of my invention is to pro-
vide a greatly simplified and improved reflex am-
plifier suited especially for use in a television re-
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The novel features which I beheve to be char-
acteristic of my invention ‘are set forth with
particularity in the appended claims. - My in-
vention itself, however, both as to its organiza-
tion and method of operation, together with fur-
ther objects and advantages thereof, may best be
understood by reference to the following descrip-
tion taken in connection with the accompanying
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modification thereof.

Referring more particularly to Fig. 1 of the
drawing, my invention is illustrated as embodied
in the picture intermediate frequency channel of
a television receiver. In present day practice, a

transmitted television carrier wave modulated

with the picture signals is received, suitably am-
plified, and converted to a modulated interme-
diate frequency by apparatus, not shown, which
precedes the amplifier stage (0 of Pig. 1. The

medulated intermediate frequency picture signals,

(hereinafter to be referred to as the “video? in-
termediate frequency signals) are supplied to
the input circuit {1,
" here amplified, and are supplied to the primary

winding {3 of an intermediate fréquency trans-

former 4. The primary winding I3 is funed to.
the intermediate frequency by an adjustable iron

} core i2a.

ceiver to amplify the plcture modulated 51gna1»

drawing in which Fig. 1 illustrates an embodi--
ment of my invention and Fig. 2 illustrates a

i2 of the amplifier 10, are

(CL 250——20)

The tian:,formex Hi has a seconda,ry winding

55 which is.connected. t0 a' control electrode 16
and, through a condenser (7 abd a condenser {8,

to 8 eathode §8 provided in an electron discharge .
The condenser .18 has'a capacity only

device 48.
sufiiciently large to ‘bypass the relatively high
video intermediate frequency currents around a
cathode -biasing resistor 2Z{ which provides the
countrol electrode 16 with a suitable operating bias.
The secondary. winding. {8 is tuned by the con-
denser 17 and by the-inherent capacity existing
betyween ,the control -electrode {6 and the other
electron. discharge. device . elements to resonance
with the video intermediate frequency. ' .

. A resistor. 22 is connected in series w1th a
resistor 2§ across i’h_e terminals of the secondary
wingding {5 to previde the broad - frequency re-
sponse . which  is- necessary. - to pass the broad
range: of frequencies enccuntered in a video in-
termediate frequency araplifier system. The bias
potential appearing -across. the resistor 21 is sup-
plied to the control- electrode 16. through a
resistor 24 and a radio .frequency choke coil 28.
The résistor 24 in practice has a resistance of
several megohms and is many times. larger than.
Lhe resistor- 24

- The- discharge.. dev1ce 20.is prov1ded with an
anode 26 which is connected to the positive ter-
minal of a.source of anode potential 27 through
a primary winding 28, provided in an_ ocutput
transformer 29, and through a radio frequency
choke coil 30 and a resistor 3{. The output cir-
cuit of the discharge device 28 includes, in addi-
tion to the transformer primary winding 28, a
variable condenser 32. The primary winding 28
is tuned to resonance with the intermediate fre-
quency signal currents by the variable condernser

. 32 and by the inherent. capacity. existing between

the anode 2§ and the other elements of the de-

vice 20. .

- The output of the dlscharge device 20 is sup-
plied ‘through the secondary winding 33 of the
transformer. 2§ ‘to, the diode rectifier elements 34
and the diode load resistor 35. - The secondary
winding 33 is tuned to resonance with the video

intermediate frequency signal by an' adjustable

iron core 83a. The intermediate frequency signal
‘oscillations are rectified by the diode elements 34
and the modulation components (hereinafter re-

ferred to as.the “video’frequencies) appear as a

potential across the resistor 38.

These potentials are returned to the input cir-
cuit of the device 20 through a condenser 36 .and
through. the radio frequency choke coil 25 to a
center tap provided on the secondary winding {5
of the input tzansformer f4. The capacity of
the condenua 17 is made substantla,lly equal to
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the inherent capaclty existing between control.

electrode 18 and the other elements of discharge .
Each ha,lf of - the transformer sec-'

device. 20..
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-~ tween them with respect to the video interme- -
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ondary winding 15 thus forms an arm of a bal-
anced alternating current Wheatstone bridge
whose other arms are the confrol electrode-
ground capacity of the device 28 and the capacity
of the condenser 11. Since the potential across
the resistor 35 is supplied to opposite points on
the ‘input circuit bridge thus formed, and since
these points have substantially zero potential be-

diate frequency currents appearing .across the
entire trannsformer secondary winding 15, the
return of the video frequency potentials to the

input circuit of the amplifier 20 in this manner.

is not accompanied by any tendency of the video
intermediate frequency currents to flow from the
input circuit to- the output circuit around: the
device 28. What little intermediate frequency
current tends to flow, by virtue of a slisht un-
balance of the input circuit bridge, is effectively
rendered negligible in magnitude by the radio fre-
quency choke coil 25 through which any video
intermediate frequency currents would have to
pass in passing around the device 20. The choke
coil 25 additionally serves as an element of an
L-type low pass filter for the video frequencies.
This filter is comprised by the choke 25, the con-
denser 17, and the input capacity of the device
20 and the stray capacity to ground of the trans-
The filter passes the rela-
tively low video frequencies but effectively pre-
vents the return from the output to the input
circuit of the device 28 of the video intermediate
frequencies and there is, consequently, no tend-
ency of the circuit to break into uncontrolled
oscillation.

The use of push-pull or full wave rectification
by the diode rectifier elements 34 of the video
intermediate frequencies further reduces  the
tendency of the video intermediate frequency cur-
rents to feed-back from the output to the input
circuit of the. device 20. With full wave recti-
fication, no fundamental intermediate: frequency
currents -can flow through the resistor 35 but
only even order harmomcs of the fundamental
frequency.

A balanced - alternating ‘current Wheatstone
bridge is likewise provided in the output circuit
of the device 20 by a center tap on the primary
winding ‘28 of the transformer 29 to which one
side 37 of the output circuit 31, 38 is connected
through a condenser 39 -and the radio frequency
choke 30. The output bridge is comprised by the
two halves of a primary winding 28, which form
two arms of the bridge, and by the condenser 32
and the anode-ground capacity of the device: 20,

~ The .bridge is balanced by so choosing the value
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of the condenser 32 as to -make the capacity of
this condenser substantially equal to the anode-
ground capacity of the device 20 when the output
circuit is tuned to resonance with the video in-
termediate frequency signal currents.. The out-
put circuit 37, 38 iS connected across opposite
points on the output bridge and, since the poten-
tial between these points for video intermediate
frequency signal currents is substantially zero,
there is little or no tendency of the video inter-
mediate frequency-currents to flow in the output
circuit 37, 38. The radio frequency choke 39,
included in one side 37 of the output, effectively
reduces to a minimum’ the video intermediate
frequency currents in the output circuit.

It will thus be evident from the above descrip-
tion of my invention that the video intermediate
frequency currents are supplied to the input cir-
cuit of the device 20, are amplified, and appear

2,205,243

in amplified form in the output circuit of the
device 20 with liftle or no tendency for these cur-
rents to pass unamplified directly from. the input
to the oufput circuit through the interconnec-
tion of these circuits by the video frequency re-
turn circuit. It will further be evident that the
video frequency potentials are returned from the
output to the input circuit of the device 29 for
amplification simultaneously with, though inde-
pendently of, the video intermediate frequency
oscillations and -that the amplified video fre-
quencies are supplied quite free of the video in-
termediate frequency currents from the output
circuit of the device 28 to the output circuit 37,
38 suitably to operate an appropriate translating
device, not shown.

Fig. 2 illustrates a modification of my invention
in which elements corresponding to like elements
of PFig. 1 are designated by like reference char-
acters. In this modification a separate diode
rectifier 40 is employed in place of the rectifier
elements. 34 which are included as elements of
the 'discharge device 2§ in the Fig. 1 arrange-
ment. A normal operating bias for the control
electrode i6 of the device 29 is provided in this
medification by the potential which is generated
across a resistor 44 as a resulf of the rectification
of the video intermediate frequency signal cur-
rents.by the diode rectifier 49. A condenser 42
is connected across the terminals of the resistor
4!, This condenser has a relatively small capac-
ity, only sufficiently large to maintain the lower
terminal of the resistor 44 substantially at ground
potential for the relatively high video interme-
diate frequency. sighal currents, and forms with
the radio frequency choke coil 25, the condenser
i1, and the input capacitance of device 20 and
stray  capacity of transformer winding (5 to
greund a pi-type low pass filber for video fre-
quencies. The capacity of the condenser 42 may
thus be as large as 20 mmfd. or so without detri-
mentally affecting the video fraquency response
of the amplifier. The pi-type filter of which the
condenser 42 and choke 25 are components ef-
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fectively prevents the return of video interme- - °

diate frequency currents to the grid circuit of
the device 28. - This will be evident when it is
considered that the middie of the video inter-
mediate frequency band is about four times the
cut-off frequency of this pi-type filter. It can
be shown in this case that the ratio of output
voltage to input voltage is:

where

e==output voltage

-eg=input voltage

fe=cut-off frequenecy of filter
f=video intermediate frequency

Since the gain of the device 20 is about 15, no
tendency to oscillate is experienced due to the
fact that the feedback voltage is only about one
eighth of that required to cause oscillation.

My circuit arrangement has the advantage that
the simultaneous ‘amplification of the video in-
termediate frequency and the video frequencies
is accomplished free from interaction one with
thie other and with a minimum of circuit ele-
inents. In this regard, it may be noted that the
condensers {T and 32 not only tune the respec-
tive input and outpuf circuits of the device 20
but-additionally serve to balance the input circuit

_and the output circuit bridges whereby the poten-

tial at the center point of the transformer wind-
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ing 15 and that at the center point of the trans-
former winding 28 is substantially zero for cur-
rents of video intermediate frequency when con-
sidered with respect to ground. The establish-
ment of zero potentials at these points has the
additional advantage that no shunt capacity is
needed in the video frequency circuits for the
purpose of filtering from these circuits the video
intermediate frequency cuirents. This minimizes
the shunt capacity across the video frequency
circuits and assures maximum gain over the wide
frequency band required. The fact that the
resistor 2§ in Fig. 1 is considerably smaller than
the resistor 24 enables the condenser {8 to have
a value only sufiiciently large to bypass around
the resistor 24 the intermediate frequency cur-
rents. This has the advantage that the Fig. 1
circuit arrangement is not degenerative to the
video freguencies which must be amplified, along
with the video intermediate frequency-currents,
by the discharge device 290.

While I have illustrated specific embodiments
of my invention, it will, of course, be undersfcod -

that I do not wish to be limited thereto since
many modificalions may be made in the circuit
arrangement and in the circuit elements em-~
ployed, and I contemplate by the appended claims
to cover all such modifications as fall within the
true spirit and scope of my invention.

What I claim as new and desire to secure by
Letters Patent of the United States, is:

1. In combination, an electron discharge am-
plifier having a cathode and & control electrode, a
source of modulated oscillations connected be-
tween said cathode and conirol electrode, where=
by said oscillations are amplified by said ampli-
fier, means to demodulate said oscillations after
amplification by said ampiifier and to supply the
demodulation products between said cathode and
an intermediate point on said source, and means
connected between said cathode and the termi-
nal of said source opposite said control electrode
to form with said source and the space between
said grid and cathode a bridge having said means
as a diagonal thereof, the electromotive force of
said source being applied across the opposite di-
agonal of said bridge. )

2. In combination, an electron discharge am-
plifier having a control electrode and a cathode,
a high frequency input circuit connected between
said control electrode .and cathode, a low fre-
quency input circuit connected between said con-
trol electrode and cathode; said low frequency
input circuit being connected in balanced rela-
tion with respect to high frequency currents in
said high frequency input circuit, whereby high
frequency oscillations in said high frequency in-
put circuit are not supplied to said low frequency
input circuit, and means to demodulate high fre-
quency oscillations amplified by said amplifier
and to supply the demodulation products to said
low frequency input circuit.

3. An electron discharge amplifier having a
control electrode, an output electrode, and a
cathode, a high frequency input circuit between
said control electrode and cathode, a high fre-
quency output circuit between said outpub elec-
trode and cathode, an impedance, means to de-
modulate the high frequency oscillations in said
output cireuit and to supply the products of said
demodulation across said impedance, said im~
pedance being connected between said control
electrode and cathode and in balanced relation
with respect to high frequency oscillations ap-
pearing either on said input circuit or on the out~

3

put of said demodulating means, whereby said
high frequency oscillations are not supplied from
either said input circuit or said output to said
impedance.

4, In combination, an electron discharge ampli-

~ fier having a control electrode, and a cathode,

a high frequency impedance having thereacross
oscillations to be amplified connected between
said control electrode and cathode, a balancing
impedance substantially equal to the impedance
between said control electrode and cathode con-
nected betwen said cathode and the ‘adjacent
terminal of said first impedance whereby a poinf
appears on said first impedance having substan-
tially zero potential with respect to said cathode,
and means to demodulate the oscillations ampli~
fied by said amplifier and to supply the demodu-
lation products between said point and said cath-
ode. )

5. In combination, an electron discharge am-
plifier having a conirol electrode, and a cathode,
a high frequency impedance having thereacross
oscillations to be amplified connected between
said control electrode and cathode, a balancing
impedance substantially equal to the impedance
bhetween said control elecirode and cathode con-
nected between said cathode and the adjacent
terminal of said first impedance whereby a point
appears on said first impedance having substan-
tially zero potential with respect to said cathode,
means to demodulate the high frequency oscilla-
tions amplified by said amplifier, said means hav-
ing an output balanced with respect to said cath-
ode for said high frequency currents amplifier by
said amplifier, said output being connected be-
tween said point and said cathode. )

6. In combination, an electron discharge ampli-
fier having a cathode and second electrode, a
high frequency impedance having : thereacross
oscillations of a frequency at which said amplifier
operates connected between said cathode and sec-
ond electrode, a balancing impedance substantial-
ly equal to the impedance between said cathode
and second electrode connected between said

cathode and the adjacent terminal of said one-

impedance whereby a point appears on said one
impedance having substantially zero potential at
said freguency with respect to said cathode, and
a circuit for currents of frequency other than said
frequency  connected between said point and
cathode, whereby currents of said frequency are
prevented from being supplied to said circuit.

7. In combination, an electron discharge am-
plifier having a cathode and second electrode, a
high frequency impedance having thereacross
oscillations of a frequency at which said ampli~
fier operates connected between said cathode and
second electrode, a balancing impedance substan-
tially equal to the impedance between said cath-
ode and second electrode connected-between said
¢athode and the adjacent terminal of said one
impedance whereby a point appears on said one

impedance having substantially zZero potential at

said frequency with respect to said cathode, a
circuit for currents of frequency other than said
frequency connected between said point and
cathode, whereby currents of said frequency are
prevented from being supplied to said circuit, a
balanced demodulator coupled to said one imped-
ance to demodulate the oscillations thereacross,
and means to supply the output from said demod-
ulator to said amplifier to be amplified thereby
and supplied to said circuit.
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Certificate of Correction
Patent No. 2,205,243 June 18, 1940.

ROBERT B. DOME

It is hereby certified that errors appear in the printed specification of the above
numbered patent requiring correction as follows: Page 2, first column, line 11, for
[13 8
“trannsformer”’ read transformer; second column, line 53, in the formula, for 21\14 yE
3
read 271(@; page 3, second column, line 12, claim 4, for “betwen’’ read between; line 34,

claim 5, for “amplifier” read amplified; and that the said Letters Patent should be
read with these corrections therein that the same may conform to the record of the
case in the Patent Office. :

Signed and sealed this 6th day of August, A. D. 1940.

[sEAL]

HENRY VAN ARSDALE,
Acting Commissioner of Patents.



