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This invention is directed to electronic am-
plifiers and particularly to an amplifier for han-
dling’ a wide band of frequencies, such as finds

extensive use in television video circuits. In its’

particular form, the amplifier includes a i)lu_-
rality of voliage amplifier stages with elec-
tronic tubes serving as the coupling elements
between successive stages. These coupling tubes
are connected between successive stages as

cathode followers and they result in splitting the .

load capacitances across the voltage amplifier
into two parts in such a way as to leave only the
plate-to-ground capacitance of the ‘driver tube

10

as ballast, and, at the same time, to eliminate

the grid-to-ground capacitance of the next am-
plifier by causing it to reappear across the cath-
ode follower output where it forms a negligible
load. o ' '

The amplifier herein to be described is one
which permits & substantial increase in gain over
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circuits heretofore known and used. In addi- -

tion, the amplifier is so constituted as to make
possible a reasonably substantial increase in the
band width or response frequency range accom-
modated. In its preferred form, suitable pro-

vision is made for high frequency peaking with

readily obtainable values of variable condensers
which are preferably comnected at one side to
ground. In such an arrangement these con-
densers are used in combination with appro-
priately designed inductance elements. _As the
amplifier is preferably constituted, series peaking
at the output of the coupling tubes is relied upon,
for the most part, but, under some circumstances,
shunt peaking at the coupling tube inputs is also
found feasible and utilized. ) . )

Still further, the amplifier makes provision for
-low frequency correction as well as for providing,
where necessary, D. C. coupling between stages.
In its preferred form, the amplifier ‘is so ar-
ranged that adequate gain control may be pro-
vided without causing any appreciable change in
the over-all frequency response and without
introducing any noise. '

In its broadest form, the amplifier comprises

a plurality of thermionic amplifiers 0f which the -

output from one is coupled to the input of an-

30
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: frequently desirable to provide some degeneration
in the circuit and, at the same time, to introduce
-certain cathode-to-ground capacity which is -
preferably made equal to the plate-t_p-ground
capacity insofar as the time constant of the re-

" sistance and capacity elements are concerned.

effect is conveniently realized. _ '

In further refinement of the circuit, a suitable
volume control arrangement is provided in con-
nection with the cathode follower stage in such-.
a8 manner that the picture quality which results
from. the transmission of the video signals
through the amplifier is not impaired by the con-
trol, since the source is so dt;:lnnected as to act
and 8 r as a low impedance. . )

Ic::. :p:t?ll further refinement of the circuit,
there is a switching unit from which a resultant
output is derived which may be either positive or
negative in sign. In & still further refinement,
suitabie provision has been made for operating a
voltage regulator in the form of a stabilizing
triode in combination with circuits of the fore-
going types. . :
. It accordingly becomes an object of this inven. :

. tion to provide an amplificr unit which will ve-

spond substantially uniformly over & wide range
of frequencies and, at the same time, it becomes
.an object of the invention o provide an amplifier
unit wherein provision for peaking at high fre-
quencies is readily made avallable, while making
it also possible to compensate for low freduency
distortion. - : :

Stil! other objects of the invention are those
of providing an efficiently operating cathode fol-
lower amplifier with conveniently arranged gain

‘With such an arrangement, & band strgtqhing

" control instrumentalities. which are capable of

40

other, for instance, by way of a triode element

having its grid directly connected to the output
of the driver stage and with a direct connection
to the grid or control electrode of the succeed-

50

ing stage by way of a cathode follower connec- -

. tion. In order to provide for a more efficient
utilization of a desired frequency band, where 8

number of amplifier stages are utilized, it is 55

operation without impalring piciure quality.

At the same time, it becomes an object of the
invention to provide a stabilized form of voltage
regulation which lends itself readily toc combina-
tion with the video amplifier,

Other objects of the invention are those of
providing ‘& circult arrangement which over-
‘comes one or more known defects of the priocr
art and, at the same time, simplifies the amplifier
over those heretofore known while still retaining
the advantages of wide band amplifiers to the
extent that the band width of signals which can
be uniformly amplified is materially increased.

Other objects and advantages of the system will
" become apparent to those skilled in the ‘art to.
which the invention is directed when the fol-
lowing specifications and claims are considered
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together with the accompanying drawings,
wherein: :

Fig. la discloses a resistance-capacity coupled
amplifier; :

Fig. 1b discloses a modification of Fig. 1a show-
ing a cathode follower coupling between stages;

Fig. 2 is a circuit showing a modification of
Fig. 1b and provides high frequency correction by
cathode degeneration; '

Fig. 3 is a series of curves to explain Fig. 2 and
to show by curves A, B and C three possible con-
ditions of operation; '

Fig. 4 embodies a circuit illustrating high fre-
quency peaking by series and parallel resonance
in combination with the cathode follower;

Fig. 5 is a circuit showing one form of low fre-
quency correction; . :

Fig. 6 discloses a modification of the circuit of
Fig.5;

Fig. 7 sets forth a circuit modification showing
particularly a noiseless gain control system;

Fig. 8 is a modification of Fig. 7, showing com-
bined use with picture inverter; and,

Fig. 9 sets forth a circuit showing a complete
amplifier set-up incorporating featurss of above
circuits. ' ’ )

IMaking reference to the eccompanying draw-

ings and first to Fig. la, an amplifier circuit is set”

forth whereih two successive steges of ampiifica-
tion are provided by the tubes i and 2. In this
circuit arrangement, input signal energy is ap~
plied at input terminal 3, while outpui signal
energy is derived from the output terminal 4. In
& circuit of this type it is apparent that the plate-
to-ground capacity 5 of the first tube {, and the
grid-to-ground capacity & of the second tube 2,
which are coupled by the coupling condenser T,
act in parallel to shunt the load resistor § of the
first tube f. In this circuit, operating plate volt-
ages for the tubes f and 2 are epplied at the
terminal 8, while suitable grid bias voltage is sup-
plied at terminal {0, for instance. The cathode
elements are suitably grounded, for exampie, at
§5.

In such smplifiers it is customary to avoid the
plate-to-grid cepacity by the use of screen grid
tubes and seperately shielded lesds, ss s wali
known.

17, for illustrative purpocses, the plate-to-
ground cepacity 5 is sssumed to be eguai o §
mmf. and the grid-to-cathode capacity of the
second tube is assumed fo be equal to 11 mmf,
then it is evident that the resultent capacity
placed in shunt to the ocutput resistor § of the
first tube ! is 17 mmf., for the tubes sione. This
means that with strays considered, -the totel
shunt capacity will be on the order of 20 mini.
or more, and also indicates that for 2 wide band
amplifier the plate resistor will be relatively low
in value. Consequently, for any customarily
used television type amplifier tubes (such, for
example, &s the 6AC7), the gain. per stage will be
relatively low, and, for instance, usually of the
order of not over 15, where the band width re-
quired in a television amplifier circuit gpproaches
4.5 megacycles.

If now, however, reference is made to Fig. 1b,
it will be seen that a cathode coupler circuit has
been set forth to transfer and transmit the plate
voltage swing from the first tube | to the suc-
ceeding tube 2. This cathode follower couplers

" diagrammatically . represented by the tube ‘12,

and, as is known, such a cathode follower offers

practically no additional grid-to-ground capac-

ity because there is no A. C. voltage between its
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grid and cathode. Consequently, with a circuit
of this nature, the only shunt capacity remaining
to shunt the output resistor 8 of the tube | is the
plate-to-ground capacity 5, plus perhaps some
stray capacity for wiring,

The grid capacity 6 of the tube 2 is effectively
disconnected from the plate of the driver tube
{, as represented by Fig. 1b, and, as indicated,
it acts as & load for the cathode-follower tube 2.

No matter what value the cathode resistor ]
of the tube (2 may happen to be, the cathode-
follower stage 12 must be considered as a gen-
erator with the E. M. P. of its input dependent
upon tube | and an equivalent internal resistance
of 1/g, where ¢ represents the mutual transcon-
ductance of the tube 12.

Considering the tube 12, for example, to be a
tube of the type known in the art as the 6J5, it
cen readily be calculated that the gain per stage,
with & transmitted frequency band of the order
of 6 mec., may be considerably in excess of 30,
which is highly desirable in a television circuit,
and indicates clearly that the available gain for
a given band width is more than doubled by the
cathode-follower coupling.

In the design of such multi-stage amplifiers, it
is always apparent how much gain is required be-
cause the input signal strength is usually known,
and, for the purpose of operating television image
reproducing apparatus, the sctuating signal
strength necessary is likewise known. Accord-
ingly, it is easily possible to caleulate the neces-
sary gain. ’

Under such circumstances, it frequently hap-
pens thet two amplifier stages, cathode-follower
coupled, may be insufficient to produce the re-
quired gain, and yet three amplifier stages will
produce more gain than is required. Therefore,
to take care of such situations, the gain per stage
may be reduced by reduction of the plate im-
pedance, but to ohtain & more uniform response
from the amplifier for wide. frequency bands, it
is preferabie to introduce cathode degeneration.
Such a method makes possible trading a losg in
voltage gain for & gain in the band width uni-
formly handled, and is conveniently provided
thicugh the aid of & capsacitive shunt used in
grounded connection with the driving amplifler.

I7 now, reference is made o the modification
of the circuit, es is shown by Fig. 2, it will be
seen that s capacitive high fregquency shunt
21 is provided in the connection between the
cathode of tube § and ground 5. This capacitive
shunt 21 is preferably. shunted by a cathode
resistor 20. Under such circumstances, it may
e assumed that tube { is of the type known in
the art as the §ACT. . : :

Several conditions of operation may be con-
gidered by making reference to the curves of
Fig. 3, wherein the amplifier gain is plotted
azainst the frequency response. The curve A
represents the amplifier response condition with
degeneration provided by the resistor 20, but
where the capacity Ca1 of Pig. 2 is equal to zero.
From this curve, it can be seen that from some
intermediate frequency value Fu the gain begins

_ to fall off zradually. However, from the same

70
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curves of Fig. 3 it can be seen, by reference to
curve B, that if the capacitor 21 is added and
where the time constant of the circuit comprising
the capacity 21 and the resistor 20 is made equal
to the time constant of the plate-to-ground ca-

" pacity 5 and the plate resistor 8 of the ampli- -

fier, the response remains at a substantially uni- -
form value for a somewhat wider frequency .
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range (until frequency Fs, for instance) and
then falls off more slowly than in the case
where the shut capacity 21 is omitted in con-
Junction with the degenerating cathode re-
sistor 20.

A third possible operating condition is shown -

by the curve C where a greatly peaked output
is provided below the frequency value Fi, where
the amplifier response under condition A first
tends to fall of. However, further reference to
.curve C shows that while the amplifier responsé
is substantially peaked at frequency F: (a lower
frequency than F3), it is nevertheless reduced to
a substantially zero value at a much lower fre-
quency value than when the operation took
place under either condition A or condition B.
The operation under the condition of curve
C is such that the time constant provided by the
capacity 2 and the resistor 20 is greater than
. that provided by the capacity § and the re-
sistor 8.
It thus is seen that curve C provides sub-

stantial peaking but no increased band width.:

" Thus, operation of any cathode follower system
for a wide band video amplifier is preferable un-
der the conditions of curve B, provided some
peaking effects are introduced in conjunction
with this type of operation. Accordingly, ref-
erence may now be made to the further cir-
cuit modification shown by Fig. 4 wherein such
peaking is introduced.

With the general type of circuit shown by I“ig.
2, modification may readily follow (as in Fig.
4) to provide the necessary high frequency
peaking. In many ocases this high frequency
peaking may be provided by virtue of the in-
ductance element 28 connected in series with the

3

transmission of thé signal over short cable
lengths, provided suitable peaking appears. also
at the output of the cable. This is particularly
desirable where different stages of the amplifier
are carried in separately shielded units.

Now, referring to Fig. 5, particular emphasis

~ has been placed upon a circuit wherein special

10
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load resistor 8. This provides a shunt peaking _

which is desirable for inter-stage coupling.
Under some conditions, or for conditions where
especially heavy loads are to be handled, it fre-
duently becomes desirable. to utilize a. series
peaking inductance, such as that shown at 2¢, in-
termediate the cathode output of the cathode-
follower 02 and the driven tube 2. Where an
inductance of this character. is used, it some-
times becomes desirable to exclude the .shunt

40

peaking inductance 25, or to short circult it, al- -

though both methods of peaking may efficiently
be used simultaneously without in any way af-
fecting the operation of each other.
series peaking coil or inductance 28 is utilized, a
condition of resonance is usually brought sbout
by virtue of a capacity element 27. Such a cir-
cuit as is embodied by the inductance' 26 and
the capacity 27 to form the series resonance cir-
cuit should fulfill certain conditions, in that the
gircuit should be tuned to the peaking frequency
and that it should be semi-aperiodic. - )
Following this type of analysis, it is evident

‘that the capacity 27 may be made much larger

and within much more reasonable and conven-
ient size with series peaking than is provided by
the usual grid-to-ground capacity of the more
conventional circuit. :

Under some conditions, where: it is desired to
derive an output directly from one cathode-fol-

When the

50

provisions have béen made for low frequency cor-
rection, whereby the lowest frequency vahies may
be faithfully transmitted, with the possible in-
clusion of the D. C. component. In the arrange-
ment of Fig, 5, the circuit elements disclosed are
essentially like those of Fig. 1b and also Fig. 4,
but they provide, in addition, a low-pass fllter
in the form of the resistor 30, which is in series
with the plate resistor 8, and the capacity 31~

- connected between the junction point of re- .

sistors 30 and 8, on the one hand, and ground
18 on the other hand. This circuit then acts as
a high frequency trap and, at the same, pro-
vides low frequency emphasis. A further ad-
vantage is provided in that the voltage drop,
which takes place through the resistor 30, is
also made useful as a plate voltage supply for
the cathode follower tube 12, which is connected
directly in parallel to the plate supply 9 and
the plate of the amplifier tube f.

With' the above arrangement, some of the low
frequency waves are predistorfed and contain
even too much low frequency components. Ac- .
cordingly, by virtue of the combination provided
by -the capacity 35 and the resistor 36, serving as
a high-pass filter, this predistortion can be com-
pensated. . In this connection, the coupling con-
denser- 38 is usually shunted by a critical resistor
31, provided that suitable negative bias voltage
is supplied to the control electrode of the driven
tube 2 from & suitable bias source, such as that
conventionally indicated at 38. Where only the
conventional A. C. video amplification is desired,
the leakage resistor 31 may be omitted. : :

The arrangement thus described transmits not .
only the lowest frequencies of the desired response
band, but it alsc makes provision for fransmii-
ting a steady-state condition, or the direct current
component  through the amplifier in & manner
which can be readily ascertained from compum-
tions.

In & slightly further modification of the ar-
rangement, which is particularly adapted for use
where thie condenser 8i iz in ¢the nature of an
electrolytic condenser, with perhaps imperfect

 insulation, the combination meay be repressnted

65
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‘lower stage, such as the tube {2, a piece of -

shielded cable may be connected in place.of
the condenser 27 and act as a load for the in-
ductance element or peaking ‘coil 28 as long as
the capacity ‘value is kept within the range
‘where series resonance occurs at the desired

peaking frequency. In this way, no appreciable .

losses of picture definitions occur by reason of

70
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by the condenser 48 and & series resistor 8{, as
shown by Fig. 6, where the resistor 4{ represents
the equivalent losses  through the- elecirolytic
condenser. Accerdingly, to provide adequate
compensation, a further series combination of -
condenser 44 and resistor 48 is connected, as in-
dicated by Fig. 6, in parallel with the condenser
356 and the resistor 37.

With the cathode coupler circuits hereinabove
described, considerable opportunity is afforded
for the inclusion of the gain control circuit which
has a wide range of operation with complete
ahsence of noise introduction and, at the same
time, offers no change in either frequency re-
sponse or in the transmission of direct currents.
In this connection, the circuit of Fig. 7 is par-

-ticularly useful, it being understood however, that

in the arrangement disclosed, the tube 2 will now
act &s the driver tube and, possibly, ‘but not nec-
essarily, the D. C. inserter.

The circuit of Fig..7 is substantially like that
of Fig. 5 with the band stretcher 20, 21, disclosed .
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by Figs. 2 and 4, also included. In the arrange-
ment of Fig. 7, the cathode follower tube 12 de-
rives its power supply through the resistor {1, but
the apparent impedance of the tube {2 is much
smaller than the actual value of the resistor 4.
Between the cathode element of the tube (2,
which cathode is connzcted to the tube 2 from the
point 54, and & suitable constant voltage source,
conventionally represented as the glow-discharge
tube §0, shunted by condenser §1 for supplying
voltage by & conductor 5§71, a variable resistor ele-
ment 62 is connected. The operating conditions

10

of the tube {2 are adjusted so that its cathode -

voltage is just equal to the voltage of the source
represented at 58. The result is that no direct
current leaks away through the gain control re-
sistor 52, and it becomes apparent that this
potentiometer can be operated without introduc-

15

" ing any noise or “motor-boating” in the system -

because there is no D. C, drop across it. Stated
in another way, when the voltage across the

20

cathode resistor {f is made equal to the voltage -

of the source §8, no current fiows through the ele-
ment 62. Any stray capacity to ground, which
might be inherent in the installation, ¢annot af-
fect the picture definition because the source im-
pedance is too small to permit an attenuation of
high frequency components. The range of op-
eration is limited by the residual short circuit re-
sistance of the element 52, which can readily be
made adjustable by means of an additional re-
sistor element 53. Any non-linearity in the de-
scribed system.may readily be taken care of and

straightened out through the use of a logarithmic

volume control element 52. .

Now, making reference to the circuit of Fig. 8,
there is provided a modification which combines
. the gain control of ¥ig. 7 with a picture inverter
stage, whereby either positive or negative out-
put energy may be derived. In this connection,
signal inpuf energy is sugplieq, as hefore, to the
input terminal 3, and thence to the control tube
f, from which the energy is now fed to an in-
verter tube 82 which serves to connect the con-
trol tube i, in cathode follower fashion, to the
driver ouiput tube Z. However, in accordance
with the position of the swiich element 81 relative
to contacts €3 and 84 will be determined whether
the resultant output energy supplied to the driver
tube 2 is positive or negative, as will later be ex-
plained.

30

59

In connection with the arrangement of Fig. 8, .
. the tube 82 is usuelly, for convenience, a double

triede, such, for example, as the tube known in
the art as the 6F8 or the 7F7, although other
tubes may readily be substituted and even seps-
rate triodes used for the first and second sections
thereof. With the system disclosed, the first half
or left-hand half of the tube 82 preferably acts
8s 1:1 voltage amplifier provided with a suiteble
plate resistor 68 of reascnably low impedance.
With a switch 61 positioned adjacent the contact
point 63, a connection is made to the left half
of tube 82 to provide for transmitting a positive
picture, while with the switch 61 resting against
the contact point 64, the connection is made to
the output of the right-hand half of tube 62 to
provide for transmitting a negative picture.
Thus, the right-hand half of the tube 82, which
is energized from the output of the left-hand
half of this tube through the coupling condenser
@6, then acts simply ag-a cathode follower with in-
verted polarity. . - , :
Bearing in mind the circuif hereinabove ex-

)
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plained in Fig. 7, wherein the gain control was
particularly described, it will be seen that the
same circuit elements are set forth by Fig. 8, and
consequently, with the arrangement disclosed, the
same ;va_riable resistor or potentiometer unit 62
may serve as & volume or gain control for either
polarity of picture, it being noted that the control
range preferably should be of the order of about
1 to 10. .

By the arrangement of Fig. 9, a substantially :
complete form of amplifier circuit to include the
amplifier and the introduction of blanking sig-
nals, along with the picture or video signals, has
been set forth. In connection with such high
gain wide band amplifiers, it is particularly im-
portant that there be a substantially symmetric
output; that the voltage supplied be suitably
stabilized; and that further stabilization be in-
troduced, particularly for the first stage of ampli-
fication, and what is known as the “pre-amplifier”
or, in other words, the amplifier stage connected
closest to the picture tube output. With a cir-
cuit of this character, stabilization has been in-
dicated as being provided by means of suitable
glow-discharge lamps or neon lamps, herein con-
ventionally indicated and represented by the
lamps 146, 141 and 142, from which, for purposes
of illustration, assumed output voltage of 225
volts and 150 volts positive relative to ground
18, and 75 volts negative relative to ground are
deveioped, will be assumed. By making the am-
plifier output symmetrical, as indicated by Fig.
9, adequate stability of output is maintained with
& limited amount of capacity in parallel to the
several neon lamps or glow-discharge tubes.

To this end, the two output stages 71 and 72
will be assumed, of which the former supplies
the outpub signal energy of positive sign to the
output terminal 127 or to the shielded cable 123,
as will later be explained, and of which the latter
supplies negative output energy to the output
terminal 126. In connection with the disclosed
arrangement, both of the cutput stages 7§ and
72 operate as cathode followers, but the emission
irom the tube 71 is from some assumed minimum
stationary current value up to some assumed
meximum current value, whereas the emission
irom the tube 72 is from the assumed maximum
current value down to the assumed minimum
stationary value. The result is that the sum of
both ;picture modulations just cencels, as con
be determined from the common power supply.

Under these circumstances, and by this method
of .balancing the high power video output, the
problen: of how to avoid low frequency feedback
and “motor-boating” is substantially simplified,
and, at the same time, an additional video chan-
nel s available to carry the negative modulation,
as is frequently useful in connection with the .
modulation of control equipment. '

In conhection with an amplifier of this char-
acter, it was pointed out above that electronic
regulation of the plate voltage, for the pre-
amplifier stage 93 and the first amplifier stage
‘8§, is extremely important, and this voltage regu-
lation is carried out by means of a stabilizing -
triode tube 73, connected in such & manner as
to provide voltage stabilization. 'To this end, the
condenser 74 is of such size as to fransmit even
very low fluctuations of the assumed 225 volt
energy supply connected at the terminal 8 to
the grid or control electrode of the tube 73. The

- Plate resistor 75 of the tube 13 is made adjustable,
as indicated, until the total gain within the triode
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13 becomes unity. In this case, the output line,
which is indicated by that portion of the high
voltage line in Fig. 9 to the left of the triode
73, carries regulated voltage which may now be
assumed as being at about 4-220 volts stabilized,
with the adjustment of any voltage drop relative
te the input being kept to & minimum by an

. adjustment -of the plate resistor 15 of the tube

73 alone. .

As is well known, in connection with the oper-
ation of wide band amplifiers, it is not usually
practical to carry out the amplification of the
initial signal energy by direct current amplifiers
in all stages. The recourse to A. C. amplifiers
results in the loss of the direct current component,
due to the use of capacity connections, but by
the use of a separate diode, or by the use of grid
current action in one of the tubes of the latter
stages of the amplifier and ai one of the high
amplification levels, the lost direct current com-
ponent may be reinserted, as will herein be ex-
plained. - .

In $his connection, initial output signal energy,
representative of the picture or scene to be tele-~
vised, results from a scanning action within a
scanning camers or picture tube 9¢ where an
optical image of the picture or other scene is
suitably focused upon a mosaic element 8§ to
preduce an output signal across the load resistor
52 whenever the mosaic 81 is scanned by a cathode
ray beam in a manner well known in the art
and therefore not herein specifically disclosed.
The tube 90, and the manner in which scanning
takes place, may be assumed to be in accordance
with the description of such operations by
Messrs. Rose and Iams in an article entitled “The
orthicon, a television pickup tube,” which wasg
bublished In the “RCA Review” in October, 1939,
or it may be in accordance with the principlés
and method set forth in an article by the same
authors entitled “Television bickup tubes using
low-velocity electron-beam scanning,” which ap-
peared in the “Proceedings of I. R. E.” for Sep-
tember, 1939, :

When scanning takes place within the picture
or camers tube 80, output signals are developed
which are then supplied to the amplifier tube
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inverter tube 62 is fed by way of conductor 107
to the input of the driver stage 80, which pre-
cedes the output stages or the end stages 71 and
12, as was hereinabove set forth. : :

D. C. insertion of the lost components, due to
the-A. C. connections (as of amplifier 95, for ex-
ample), may be carried forward by grid current -
action in one of the higher amplification stages.
To this end, the tube 80 is so arranged that it
derives zero grid bias through the grid leak re-
sistor 8{. Accordingly, tube 80 operates as.an
“sudion” and consequently draws grid current,.
but the positive peak values of the grid swing
are xept at zero relative to the cathode and
never exceed such value. However, in order to
avold excessively heavy current through the tube,.
the screen voltage is considerably reduced, as
indicsted. ’

Thus, beginning with the tube 88, by which the
D, C. level is seb, all of the following tubes are
direct current coupled and the low frequency
compensation takes place by virtue of the ar-
rangement hereinabove described, particularly
in accordance with the circuits of Figs. 5 and 6,
as indicated. 'To this end, output signals of
either positive or negative sign are, with s D, C.
component included, derived at terminals {27
and §28, respectively, in that the output from
tube 7{ is connected by way of the conductor
188 through g compensating network, of the type
described in Fig. 6, to the tube 72.

In any amplifier of this character it is desir-
able that provision be made for injecting or
modulating blanking signals into this video sig-
nal output without affecting the D. C, insertion.
In the arrangement of Fig. 9, these blanking sig-
nals are injected into the stage 71, with a cathode

- feeder resistor 158, which follows the driver stage.
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83, commonly known in the art as the “pre- .

amplifier,” in that it is usually closely associated
with the camera tube. The signals resulting
irom scanning are then amplified and supplied
in cathode follower fashion, by: way of the peak-
ing inductance 96, to the transmitter cable 94.
The peaking, by virtue of inductance 96, occurs
- in the manner described in connection with Fig. 4,
with the there described capacity element 27
being represented by the capacity of the cable
84. The output from the cable 84 is now sup-
plied to the first amplifier 86 whose output is
supplied through s .direct connection to the
cathode follower tube 96. The output of the
cathode follower tube 86 is then fed to the next
amplifier stage 97 through a peaking inductance
26, as was explained by Fig. 4. - In this connec-
tion, it may also be seen that the low frequency
Ccompensation is provided by the resistor 30 and
the capacity 31 connected in the output of tube
The output energy for the second amplifier
tube 97 is supplied to the inverter or signal re-
versing tube 62 (as described in connection with
Fig. 8) to provide, at the switch 61, either posi-
tive or negative picture outputs. From the
switch element 61, signal energy output from the

§0

Since the output stages in the circuit arrange- -
ment disclosed operate as cathode followers, the
blanking signals are injected upon the screen
electrodes. To this end, the blanking. signals,
which have been developed in any suitable sync
signal generator (not shown), are applied at
the terminal input 83 and fed through the cou-

pling condenser 88 to the control electrode or

grid of the right-hand half of the twin triode 82.
In this connection, grid current, as indicated,
provides adequate negative bias. The. blanking
signals, as they are amplified across the load re-
sistor 85 connected to the right-hand section of
the tube 82, are then coupled through the cou-
pling condenser 86 to the control electrode of

. the left-hand half of the tube 82, which elec-
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trode is preferably conmected to the voltage
source at the terminal §7 by way of the resistor
81. By virtue of the conductor 88, the cathode
element of the left-hand half of the tube 82
connects directly-to the screen grid of the:out-
put stage 71- and, similarly, a connection is made
also to.the screen electrode of the second out-
put tube 72. In this connection, the arrange-
ment; disclosed develops adequate power to take

. care of the screen current flowing through tube

&
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11, and to keep the screen slightly above the in-
dicated 150 volt potential at terminal §7 during
the line sweep while it modulates the screen grid

to a point below the cut-off value during the

blanking period. The connection shown pro-
vides extreme freedom from hum which may ex-
ist across the high voltage line at terminal 9 and

also offers low impedance for the screen circuit. - -

and abllity for high-speed keying.

With thig circu_it arrangement disclosed by
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Fig. 9, further provision is made for compensat-
ing for any hum condition and a complete A. C.
operation is set forth through the use of the
bleeder resistor 104, which is connected across
the heater voltage line 102 which ‘supplies the 5
heater voltage to the various tubes, of which the
heater 130 has been conventionally represented.
The bleeder resistor 181 supplies compensating
voltage of variable amplitude, which is further
divided by the bleeder resistor combination -103 10
and 104, with the result that a compensating 60 °
cycle voltage (& 60 cycle source assumed) s
impressed upon the screen electrode of the first
amplifier stage 95 where it is made to eliminate
the effects caused by the magnetic field due to 15
the heater current. To eliminate further hum
from the picture itself, a phase shifting circuit
is also preferably included between the screen
electrode 95 and the bleeder combination 103 and
104. Such a phase shifting network comprises 20
condenser 10§ and resistor {40, of which either
or both elements may be made variable. The xe-
sult is that it becomes unnecessary to provide-.
for D, C. operation even for the heater of the
first stages. However, in order to avoid any 26
effects of high frequency feedback, the heater
conductors 102 are blocked to ground by rela-
tively large condensers connected at three points
in the system, which may be illustrated, by way of
example, by the condensers 1i6 and ({6 con- 30
nected in the pre-amplifier stage, the condensers
111 and 1i8 connected in the main amplifier
stage, and by the condensers {19 and 128 which
are indicated as in the power stage where the
heater element 131 conventionally represents the
heater cathodes of this stage. ‘
Suitable power for the operation is derived from
the alternating current source connected at 133
and feeding energy into the transformer primary
134 from which the heater current is derived by
way of secondary winding 132, The high voltage
is derived by way of the secondary winding 138
connected to the rectifier 137, in known manner,
with the filter condensers 138 and 13§ functioning 4
as smoothing instrumentalities. X 5
In the light of what has been hereinabove de-
scribed, it will, of course, be apparent that vari-
ous modifications may be made in the circult
without departing from the spirit or scope of what
is set forth., 80
Having described the invention, what is claimed
is: N
1. An amplifier circuit including & signal in-
put amplifier tube and a signal output amplifier
tube, an electronic cathode follower coupling tube 55
having at least a cathode, & control electrode and
an anode, means to supply the output energy from
the signal input amplifier to the control electrode
of the said coupling tube, a cathode load resistor
connected with said coupling tube, means to sup- 60
ply energy to the input of said signal output am-
plifier in accordance with the energy output of
the said coupling tube as it appears across the
said cathode resistor, a shunt connected induc-
tive peaking element connected in the output cir- 65
cuit of the signal input amplifier tube and &
series connected inductive peaking element con-
nected intermediate the cathode output of said -
:gg:nng tube and the input of the signal output: .
2. An amplifier circuit including a signal in-
put amplifier tube and a signal output amplifier .
tube, an electronic coupling tube having at least
a cathode, a control electrode and an anode,
meang to supply the output energy from the sig-
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nal input amplifier to ‘the control electrode to
the said coupling tube, a cathode load resistor
connected with said coupling tube, means to sup-
ply energy to the input circuit of said signal out~
put amplifier in accordance with the energy out-
put of the said coupling tube as it appears across
the said cathode resistor, a voltage source adapted
to. develop output energy of substantially the
same magnitude as the voltage drop produced
through the cathode load resistor of the cou-
pling tube, & variable resistor connecting the sald
voltage source to said cathode resistor at a point
adjacent its connection with the cathode of the.
coupling tube so that signal output may be noise-
lessly controlled by adjustment of said resistor,
and means for applying the output energy of said
coupling tube to the input of the signal output

" tube.

3. The circuit claimed in claim 2 comprising,
in addition, resistor means connected with the
input circuit of the said signal output tube for
blasing the said tube, whereby predetermined
signal output voltages may be maintained.

4. An amplifier circuit comprising at least &
first amplifier tube and a second amplifier tube
connected in cascade, means for supplying video
signal energy fo the input circuit of the first of
said tubes; a cathode-follower coupled thermionic
tube connected to receive in its input circuit the
signal output from the first of said amplifier tubes
and to deliver its cathode 'signal output to the
input circuit of the second of the said amplifiers,
resistor and condenser combinations connected
in the output circuit of the first of said amplifier
tubes and in the input circuit of the second of
said amplifier tubes and the output circuit of the
coupling tube to compensate for low frequency
distortion in signal transfer from the first to the

.second of the amplifier tubes.
40 5. The circuit claimed in claim 4 comprising,

in addition, a parallel resistor and condenser
combination connected in the cathode circuit of
the first of the amplifier tubes to provide con-
trolled degeneration and to increase the signal
band width amplified.

6. The amplifier claimed in claim 4 comprising,
in addition, a resistor element connected in series
with each of the cathode and anode elements of
the first amplifier tubes, and a condenser con-
nected to one terminal of each of said resistors
and to a point of fixed potential, the condenser
and resistor combination connected in the cath-

" ode eircult of saild tube being adapted to be ad-

justed so that the time constant thereof is sub-
stantially equal to the time constant of the re-

~ sistor and condenser combination connected in

the anode circiiit, whereby partial degeneration
and increase in signal band amplification result.

7. In combination, a first amplifier tube and a
second amplifier tube, means to supply signal

" energy to the input circuit of the first amplifier

tuve, a plurality of thermionic coupling tubes
connected intermediate the first and the second
amplifier tubes, a cathode output circuit for
each of the said thermionic coupling tubes, means
to supply the output energy from the first of said
coupling tubes to the input of the second cou-
pling tube, switching means to connect the in-
put of the second of said amplifier tubes to the

0 cathode output of one or the other of said therm-

ijonic coupling tubes, whereby signals of like and
different polarity to the, signal output energy of
the first amplifier tube are transferred to the in-
put of the second amplifier tube in selected nega-
tive and positive polarity.



8. A video amplifier circuit for television com-
prising at least a first amplifier tube and & second
amplifier tube, means for supplying video signal
energy to the input circuit of the first of said tubes,
a cathode-follower connected thermionic coupling
tube having its input circuit connected to receive
the signal output from the first of said amplifier
tubes and to deliver its cathode signal output to the
input circuit of the second of the said amplifiers,
resistor and condenser combinations connected in
the output circuit of the first of said amplifier
tubes and in the input circuit of the second of
said amplifier tubes and the output circuif of the
coupling tube to compensate for low frequency
distortion in signal transfer from the first to the
second of the amplifler tubes, and inductive means
for peaking the higher frequency energy supplied
* to the second of the amplifler fubes.

8. The circuit claimed in clalm 8 comprising, in
addition, a parallel resistor and condenser com-
bination connected in the cathode circuit of the
first of the amplifier tubes to provide confrolled
degeneration and io increase the signal band
width amplified.

16, The amplifier claimed in clalm 8 compris-

ing, in addition, a resistor element connected in
geries with each of the cathode and anode ele-
ments of the first amplifier tubes, and a condenser
connected to one terminal of each of said resistors
~ and to 2 point of fixed potential, the condenser
and resistor combination connected in the cathode
circuit of said tube being adapted to be adjusted
so that the time constant thereof is substantially
equal to the time constant of the resistor and con=-
denser combination connected in the anode cir-
cuit, whereby partial degeneration and increase in
signal band smplification result.

11. A television signal amplifier for amplifying

uniformly a relatively wide band of frequencies
comprising a first and a second amplifier tube,
means to supply signal energy to the input circuit
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of the flrst of said amplifier tubes, a triode cou- -

pling tube in cathode-follower connection for
supplying the signal output of the first amplifier
tube to the signal input circuit of the second am-
plifier tube as a cathode load on the coupling tube,
whereby the capacity load of the second amplifier
tube on the first amplifier tube is substantially
eliminated, & resistance and eondenser combina~
tion connected in the output circuit of the first
amplifier tube for enhancing low frequency gain,
an inductive peaking element serially connected
in the input circuit of the second amplifier tube,
rand a capacity connected to load said inductive
element so that said elements provide for peaking
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smplifier tube for enhancing low frequency gain,

“an inductive pesking element serially connected

in the input circuit of the second amplifier tube,
a capacity connected to load said inductive ele-
ment so that said elements provide for peaking
in the higher frequency range of signals supplied
to the second amplifier tube, a degenerating cath-

ode resistor connected in the cathode circuit of .

the first amplifier tube and a condenser connected
in paralle] therewith whereby degeneration and
band width stretching are introduced, a third
amplifier tube, a signal inverter tube connected
in cathode-follower manner to supply the output
energy of the second amplifier tube to the third
amplifier tube, a switching means to connect the
said cathode~-follower signal inverter to the third
amplifier tube to supply said third amplifier tube
with signal input energy of positive or negative
polarity, & termina] for connecting s source of
alternating current to supply heating current te
all of said tubes, and potentiometric means and
capacity means to compensate for hum conditions
introduced by said alternating heater current.

13, A television amplifier circuit including a
first and a second amplifier tube each having
included therein at least a cathode, an anode, and
two grid electrodes of which one is g signal con-
trolled element and the other of which is a screen-
ing element, an anode impedance for the first of
said tubes which comprises a series combination
of a resistance element, an inductive element and .
a_capacitive-resistance combinsation which con-
stitutes a low-pass filter through which & direct
current voltage drop occurs end in which low
frequency emphasis is added to signal input en-
ergy applied to the signa) controlled grid, a cou-
pling {riode tube in cathode-follower connection
between the first and the second of said amplifier
tubes, said coupling triode having a cathode, an
anode and a control electrode and having the
control electrode and anode circuit directly con-
nected in parallel with the said plate impedance
of the first of said amplifier tubes, a resistor con-
nected to the cathode of the coupling tricde to
control the current flow in the said tube, a ca-
pacity and resistance combination forming a
high-pass filter combination connected between
the cathode of the coupling tube and the signal

- control grid of the second amplifier tube, said-
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in the higher frequency range of signals supplied

to the second amplifier tube, a degenerating cath-
ode resistor connected in the cathode cireuit of
the first amplifier tube and a condenser connected
in paraliel therewith whereby degeneration and
band width stretching are introduced.

a0

12, A television signal amplifier for amplifying -

uniformly s relatively wide band of frequencies
comprising & first and a second amplifier tube,
means to supply signal energy to the input circuit
of the first of said amplifier tubes, a triode cou-
pling tube in cathode-follower connection for sup-

plying the signal output of the first amplifier tube"

to the signa) input circuit of the second amplifier
tube as a cathode load on the coupling tube,
whereby the capacity load of the second ampliffer
tube on the first amplifier tube is substantially
eliminated, a resistance and condenser combina-

capacity and resistance combingtion having a
time constant equal to that of the said low-pass
filter circuit so as to provide substantially uniform
gain for the low frequencies in said amplifiers, -
and an output cincuit for the second of said am-
plifiers. ’

14. A television amplifier circuit comprising a
plurality of groups of amplifier units each includ--
ing an amplifier tube having included therein at
least a cathode, an anode and two grid electrodes
of which one is a signal controlled element and
the other of which is a screening element, an
anode impedance for the said tube which com-
prises & series combination of a resistance ele-
ment, an inductive element and a capacitive-
resistance combination constituting a‘ low-pass

“filter through which a direct cuirrent voltage drop

" occurs and in which low frequency emplasis is
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added to signal input energy applied to the signal
controlled grid, a coupling triode tube in cathode-
follower connection, said coupling triode having
a cathode, an anode and a control electrode and
having the control electrode and anode circuit
directly connected in parallel with the said plate -

" tion connected in the output circuit of the first 75 impedance of the first of said ampnﬁer tubes, &
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- resistor connected to the cathode of the coupling
triode to control the current flow in the sald

triode, a capacity and resistance combination .

forming a high-pass filter combination connected
to the cathode of the coupling triode, said capacity
and resistance high-pass fillter combination hav-
_ ing a time constant equal to that of the low-pass

filter circuit so as to provide substantially uni-
form gain for the low frequencies in said amplifier,
and an output connection from the said high-pass
fliter to the signal controlled grid element of the

s amplifier tube of the following group of tubes.

KURT SCHLESINGER.



