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6 Claims.

My invention relates to electrical circuits for
reinserting low-frequency and/or direct current
components -of .a television signal or. the like.
More particularly, the invention relates to a cir-

" cuit which may be: employed:to improve the low.
i, frequency response of an amplifier. in either .a

operation of the separating circuit to be unsat- ‘

‘ isfa.ctory.

Accordingly, an’ object of ‘my invention is to

. provide an improved method of and means for

teleysion transmitter or a television receiver and

“which may also be employed to provide improved
separation of synchronizing sighals from picture
..signals.

It is well known thai, in television systems of -

- the type prererred at the present-time, the di-
“’rect current component and the low frequency
. components'of & signal may be lost in an alter-
nating  current. amplifier :and reinserted at a
later: point in'the system by'utilizing the syn-
. chronizing . impulses to operate the reinserting

cireuit. . In such -circuits, the synchronizing. im--

pulses have been made to go to a definite’ level,
such as “black” in a' picture before the above-

mentioned alternating current amplifier has re- .

. moved the diréct  current component. . Such
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_systems of the prior art'are:disclosed in Willlams .

Patent 2,252,746, 1ssued Aug. 19, 1941,
In systems of the above-mentioned character,
it has been found that, at or in the origin of the

line : frequency or horizontal synchronizing. fre-

quency, there.is a dip in' the frequency responst
characteristic-of the amplifier. . From one view-
point, it would appear that, _with. the designs
formerly employed, any attempt to make the low
frequency inserting circuit operate : to reinsert
frequencies extending - farther toward “the high

frequency end of the amplifiex range resulted in.

making the amplifier, considering it operating
independent of - the reinserting circuit, have:a
low frequency cut=off at a higher frequency than
formerly.’ Thus; there appeared-to be two con-

flicting requirements in the design of an. a.mpu- ‘

fier of this type, ...
Reterring to another a.speci; of the invention,

it has: become the usual practice in a television -

receiver to remove the picture signal from: the
synchronizing impulses before they are impressed
upon the  deflecting ‘circuits. A, separating cir-

cult commonly employed for this purpose is the:

one described’ in Tolson Patent 2,207,839, issued
July 16,.1940.. While -a- separating’ ‘circuit - of
this type'is entirely satisfactory provided the low
_frequency content of the signal applied to the
separating circuit is the same. as-in the original

signal, it has been-found that the presence of

‘too much or too little of the low: frequency com-
ponents and that the: .presence of phase shift
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reinserting low freqilency andyor direct current
components in & television signal or the like.
More specifically, one of the objects of my inven-
tion- is to. provide an amplifier to have & sub-
stantially flat frequenicy ‘characteristic from zero

frequency up to the highest frequency to be am-

plified.

A further object of my inventxon is to provide
an_improved separating circuit for separating
picture signals from .,ynchromzmg impulses.

~In the preferred embodiment of my invention,
I impress the synchronizing impulses of ‘& tele~
vision signal upon. either adiode or a triode
through a condenser which is charged as a result
of the current flow produced by the synchroniz-
ing impulses. A discharging icircuit is-provided

- for this condenser which, instead of consisting of

a fixed resistor as in the case of similar circuits:
formerly  employed, includes a variable imped-
ance device such &s a vacuum tube which has
its' impedance lowered for the duration of each
synchronizing impulse.

Thus, ‘at the termination of a synchronizing
impulse, " the charged ‘condenser - can -‘discharge
either at a very slow rate only.or not at all. As
will be:pointed out nereinafter, this substantially
eliminates a  line -frequency saw-tooth com-~

-ponent which ordinarily is ‘present ‘in a ' rein-

serting circuit’ of this*general type. ‘When a
properly adjusted circudt -is: operated -in-:fhis
manner, the dip in the frequency response curve

‘ Iormerly present-is greatly reduced and, for:all
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in the low frequency components may cause the 55

practical purposes, may be considered eliminated.
The invention will be better -understood-from

‘the . following description ‘taken -in’ connection:

with the accompanying drawings-in which—
Figures 1.and 2 are circuit diagrams of ‘differ-

ent embodiments of my. inventlon for reinserting

low. frequency and/or D.-C. components;
‘Figure 3 is a curve showing the type of tele- )
vision signal which may be utilized in connection
with my- invention;
'Plgures 4 and -5 are curves or diagrams illus-

‘tra.ting the effect: of low-frequency components

on the television signal; - ‘
.. Figures 6 and 7 are diagrams which. are re-
ferred to in explaining theinvention;

PFigure 8 is a frequency response curve of my
improved amplifier; - '

Figure 9 is & circuit dlagram of another em-~
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bodiment of my invention for reinserting low
frequency and/or D.-C. components; and .

- Figure 10 is a circuit diagram showing my in-
vention as applied to a separating circuit for re-
moving picture signal from synchronizing im-
pulses.

Referring to Fig. 1, I have shown my invention
as it may be applied elther to a television trans-
mitter or a television receiver. It will be assumed,
for the purpose of explanation, that it is located
in a transmitter where its output is supplied di-
rectly to the transmitter modulator tube 8. The
input signal which is fed through the condenser
{0 may be a signal such as that shown in Fig. 3,
which has passed through amplifiers indicated at 9
designed to have good gain and stability at the ex-
pense of their low frequency response. The partic-
ular circuit illustrated includes two.amplifier tubes
11 and 12 which may be triodes, as illustrated, or
screen grid ‘tubes, such as those of the pentode
type. The amplifier tubes {{ and (2 are resist-
ance-coupled in the ‘conventional manner, the
tube Ii having in its input circuit the usual
coupling condenser i3 and grid leak resistor 4.
For the purpose of showing a variation of the
circuit connections, a cathode resistor 16 is shown
connected between the cathode of tube 11 and
ground. .

Referring to the low frequency inserting por-
tion of the circuit, the diode 1T may be employed
with its anode connected to one terminal of the
condenser {0 and its cathode connected to ground,
whereby - a synchronizing - impulse of positive
polarity appearing -at the input terminal will
cause a flow of diode current into the condenser
10 to give it an additional charge. This is assum-
ing, of course, that the relation of the synchroniz-

“-ing impulse amplitude and the charge of the con-
denser 10 is such that the synchronizing impulse
can cause a further charge of the condenser. As
will appear later, the relation may be such that
the condenser 10 will discharge through its dis-

~charging circuit instead of receiving a charge.

The discharging circuit includes a variable im-
pedance device which préferably is a vacuum
tube 18 having a control grid 19. It is found in
practice that it usually is preferable to include in
series with the vacuum tube 18 a resistor 2f. Its
use is optional, however, and would serve no use-
ful purpose if the tube 18 had suitable character-
istics. .

The tube {8 is connected in the discharging
circuit in the proper direction so that the con-
depser 10, assuming that the tube 18 is not
blocked by a high negative potential on its grid
{9, can discharge through the resistance of the
preceding amplifier circuit indicated at 22 and
through the tube 18 and the resistor 21,

Tt generally will be found desirable to make the
anode of the tube 8 positive a certain amount
with respect to ground by means of a voltage
divider 23 or the like, although, as will appear
later, in some cases this anode may be connected
directly to ground.

The tube 18 is normally biased beyond cut-off,
a suitable negative voltage being applied to the
grid 19 from a voltage divider 24 thirough a grid
leak resistor 26.  This tube is made conducting

[*]
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1§ and supplied to the switch 31 with the switch
29 open. The latter method of obtaining syn-
chronizing impulses to impress upon the grid 19
may be preferred if the particular transmitter
design makes it desirable to omit the amplifier 12.

The operation of the circuit of Fig. 1 will now
be described in ' connection with Figs. 4 to 7.

.. Referring to Fig. 4, there is represented the tele-
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periodically by applying synchronizing ‘impulses . :
of positive polarity to the grid 19 through a
coupling condenser 27.  These synchronizing im-
pulses may be obtained from the output circuit of
the amplifier tube 12 and supplied through a con-
ductor 28 and a switch 28 or, if preferred, they
may be taken from across the cathode resistor
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vision signal which occurs. during a period of
slightly more than one vertical deflection, where
the signal includes a 60-cycle component, as in-
dicated.  This component may be one that has
been introduced by the picture shading. It will
be noted that the composite signal consists of
picture signal, line frequency or horizontal syn-
chronizing impulses and the vertical synchroniz-
ing impulses, -as indicated by the legends., In
Fig. 5, this same signal -i1s shown after it has
passed through the amplifier indicated in Fig. 1,
which has removed the 60-cycle component. Ob-
viously, the 60-cycle.component will be reinserted
if the synchronizing impulses are pulled up to the
original horizontal level. In this respect, my im-
proved circuit functions substantially the same
as similar systems of prior art.

This action is indicated in Figs. 6 and 7, Fig. 7
indicating the action over one complete vertical
deflection. In these flgures, the diode character-
istic is shown at 30. The operation is indicated
somewhat more clearly in Fig. 6, where the A.-C.
axis of the signal and the amount of bias pro-
duced by the reinserting circuit are indicated.
It will be understood that, if the height of an im-
pulse with respect to the A.-C. axis increases,
the charging current for the condenser {0
through the diode 7 increases, whereby the bias
or voltage from the diode to ground increases
slightly. If the height of the synchronizing im-
pulse with respect to the A.-C. axXis decreases, a
reverse action takes place, the condenser 10 dis-
charging somewhat, whereby the next cccurring
impulse of lower amplitude may cause & flow of
charging current through the diode.

The above general statement of the circuit op-
eration is true for the operation of circuits previ-
ously employed, as well as for applicant’s. cir-
cuit.. One of the main differences in operation,
however, is that whereas, In the-circuits previ-
ously employed, the condenser 10 discharged a
certain amount between the occurrence of suc-
cessive synchronizing impulses: as indicated in
Fig. 6, in applicant’s circuit the condenser 19
discharges only & slight amount or not at all
between successive synchronizing impulses. It
will be apparent that this is true if it is remem-
bered that the tube {8 is biased beyond cut-off
and is conducting only for the duration of a
synchronizing impulse. - Therefore, my improved
circuit has eliminated the line frequency saw-
tooth component with the. result that, as indi-
cated by tpe solid line curve in Fig. 8, the fre-
quency response curve for the amplifier is sub-
stantially flat, rather than having a very sub~
stantial dip at or near the line frequency, as in-
dicated by the dotted line.

It will be understood that, during the occur-
rence of a synchronizing impulse, the condenser
10 may either charge or . discharge, depending
upon whether the height of the synchronizing
impulse with respect to the A.-C. axis has in-
creased or decreased. If the height has de-
creased, the voltage as represented by the height
of the impulse will not. be sufficient to drive the
anode of the diode (7 positive to charge the
condenser 10 and, at the same time, if the
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voltage across the condenser [0 is larger than
" the synchronizing irhpulse voltage, the condens-
- er will discharge a.certain amount through its
discharging citcuit 22, 8, 21, since the tube 8 .
is conducting gt -this time. It will be under-
stood that 22 represents the output or plate cir-
cuit. resistance of the amplifier tube preceding
the dicde 11. N S
In the example illustrated in Fig. 1, it is as-

cal deflecting frequencles were 13,230 per sec-
ond and 60 per second, respectively. Also, the

" tube ‘type numbers have been indicated, by way

sumed that the amplifier 11, 12 'is designed to 10

pass much lower frequency components than is

the preceding amplifier 9. Obviously, if it is.de- .

sired to modulate with the D.-C.-component In
addition to the lower frequency components, the

amplifier 11, 2 may be designed as & D.-C. am- 15

plifier, the coupling condenser I3 and the other
~ coupling condenser between tubes I and 12 being
omitted in such.a redesign.

In Fig. 2 there is illustrated another embodi-

of example. It will be understood, of course; that
these circult -constants may be varied over &
wide range. In particular, the value of the re-
sistor 21 is not critical. It may be omitted en-
tirely although it was found that under some
operating conditions a value of from-50,000 ohms
to 200,000 ohms seemed to make the circuit more
stable, However, one point is to be noted with
respect to the circuit constants, and that is that
the serles condenser: 10 in the reinserting circuit

‘has very small capacity, Whereby its charging time

constant is very fast. 5
Considering now ‘the ‘use of my invention in
a separating circuit, this use is illustrated in

Fig. 10. Referring to Fig. 10, there is illustrated

.. & televislon receiver comprising a suitable radio

ment. of my invention ‘which, in' operation, is gg 5 )
" plifier tubes 47 and 48 and the cathode ray tube

substantially the same as that shown in Fig. 1.
However, it is designed to operate with negative
synchronizing impulses applied to its input- in-
stead of positive impulses, as in the case of Fig. 1,

and it is also designed to reinsert the D.-C. com- 95

ponent, as well as the low frequency components.
In the two figures, like parts are indicated with
the same reference numerals. It will be noted
that Fg. 2 differs mainly from Fig. 1 in that

the connections of the diode electrodes have been g

reversed, the same being true of the tube 18.
The other difféerence is that the amplifier. tube
32 has a biasing battery 33 provided between its
cathode and ‘ground to' provide suitable bias to

receiver portion 48 which supplies to the am-

48 the demodulated video signal of the. type
shown in Fig. 3, for example, ' This signal is also
supplied from the output circuit of the amplifier
tube #1 where the synchronizing impulses. are of
positive polarity to the separating circuit, which
is the same as the low frequency reinserting cir-
cult shown. in Fig. 9. In the two figures, like
parts are indicated by like reference numerals.
In this circuit, the first tube 41 functions as

_the separator tube and it separates out the.pic-

. ture signal rather than passing it, as in the case

the grid of the tube 32 through the D.-C. con- 35

nection. .
It will be understood that the output lead of
the amplifier- shown in Fig. 2 may be applied to

the grid of a modulator tube, as indicated, or, '
where the reinserting circuit is employed in a 40

television transmitter, this output lead may con-
nect to the control electrode of the cathode ray
tube. With the latter connection, the circuit
" functions to provide automatic background con«

trol for the receiver. '

In Fig. 9, there is shown a low frequency and a
D.-C. reinsertinig circuit which, except-for slight
differences in.design, is the same as the circuit
shown in Flg. 1. In Pigs.'1 and 9, like parts

15

are indicated by the same reference numerals. 50

One of the changes in design is that, in place
of & diode; there is employed a triode 41 in which
the grid and cathode elements perforni the func-
tion of the diode in the preceding. circuil. It
will be noted that the triode 41 of Fig. 9 takes
the place -of:the diode 1T and the amplifier tube
1 in Fig. 1. Also, it will be noted that the re-
inserted D.-C. component is present at the plate
of the triode 41, whereby the signal may be taken
off at this point and supplied directly to the grid

-of the circuits previously described, because the

amplitude of the:video signal at its grid is made
so high that only the synchronizing impulses can
pass through the tube 41, the picture signals
being beyond the cut-off point of the tube. This
result may be accomplished elther. by merely
providing sufficient amplification ahead of the
separator tube &1 or by applying e very low
voltage to the plate of the separator tube 41 as
compared with the rated plate voltage of the
tube. In practice, of course, both additional
amplification and lowering of the separator plate
voltage may be utilized for obtaining good sep-
aration.

I claim as my invention: :

1. In & circuit for reinserting lost frequency
components of a composite signal comprising pic-
ture signal and regularly recurring control im-

pulses of greater amplitude than the picture -

- signals of like polarity, the combination of a
- condenser and rectifier means connected in serles

55

to form a charging clrcuit for said condenser,
means for charging said condenser through said
charging circuit in accordance with the height

" of sald impulses as measured from the alternat- -

80

of the modulator tube; to the grid of the cath-" °

ode ray tube, if the invention is being applied
to a receiver; or to any other point in a circuit
where the presence-of the low frequency com-

ponents or .of the D.-C. component is ‘desired. 65

The amplifier tube 42 corresponds to the tube
t2of Fig. 1. = ‘

In Fig. 9, an amplifier stage corresponding to
the last stage of the amplifier 8 indicated in Fig.

ing current axis of sald composite signal, a dis-
charging circuit “for said condenser, saild 'dis-
charging circuit including an electric discharge
tube, and means for so applying said control
impulses to said tube that the impedance thereof

is-lowered for the duration of sald impulses.

1 has been illustrated and the constants of the 70

various circuit elements of this ampilifier stage
and of the rest of the circuit have been indicated
on the drawings, by way of example, in ohms,
microfarads, and micromicrofarads. ‘These val-
ues were used where the horizontal und verti-

2. In a -circult for reinserting lost frequency
components of & composite slgnal comprising
picture signal and -regularly recurring. control

impulses of greater amplitude than the picture -

signals of like polarity, the peaks of said con-
trol impulses having been brought to a fixed pre-
determined level before said components were
lost, the combination of a condenser and recti-
fier means connected to form a charging cir-
cult for said condenser, means. for 50 applying
said composite signal to said charging circuit

75 that sald condenser may receive a cha_rge in
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accordance. with the height of said countrol im-
pulses as measured from the alternating cur-
rent axis of said composite signal, a discharging
circuit for said condenser, said discharging cir-
cuit including an electric discharge tube, and
means for so applying said control impulses to
said tube that the impedance thereof is lowered
for substantially only the duration of said ¢ontrol
impulses.

3. The invention according to claim 2 charac-
terized in that the electric discharge tube through
which said condenser may discharge has a con-
trol electrode which is driven more positive peri-
odically by the application of said control pulse
thereto, -

4. In a circuit for reinserting lost frequency
components of a composite signal comprising
picture signal and -regularly recurring control
impulses of greater amplitude than the picture
signals of like polarity, the combination of an
amplifier tube having a control grid and a cath-
ode, a condenser connected in series with the
grid-cathode circuit of said tube, means for ap-
plying said composite signal across said series
circuit with the control impulses of positive po-
larity at said control grid whereby said con-
denser may receive a charge through said grid-
cathode circuit, and a discharging circuit for
said condenser comprising a variable impedance
device, and means for lowering the impedance
of said device periodically in response to the
application of said control impulses thereto.

5. In a circuit for reinserting lost frequency
components of a composite signal comprising
picture signal and regularly recurring control
impulses of greater amplitude than the picture
signals of like polarity, the combination of an
amplifier tube having & control grid and a cath-
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ode, a condenser connected in series with the
grid-cathode circuit of said tube, means for ap-
plying said composite signal across said series
circuit; a rectifier connected in series with said
condenser- with respect to the source of said
composite signal, said rectifier being connected
in such direction that the applied. control im-
pulses may cause said condenser to -receive: a
charge, a discharging circuit for said condenser
which circuit has a high impedance between
the occurrence of said ‘control impulses, said dis-
charging circuit including an electric' discharge
tube, and means for applying said control im-
pulses to said tube to reduce the impedance of
said discharging circuit periodically to a com-
paratively ‘low value at substantially the time
of occurrence of said control impulses.

6. In a television receiver of the type having
a picture signal channel and a separating circuit
channel, the combination of a condenser in said
separating ‘circuit channel, 'means for charging
said condenser in accordance with: the height
of synchronizing signals as measured from the
alternating current axis of a composite signal
containing them and for applying the voltage
resulting from said charge to the control grid
of a separating tube in said separating circuit,
a discharging circuit for said condenser compris-
ing a variable impedance device, means for low-
ering the impedance of said device periodically
in response to the application of said synchro-
nizing impulses thereto, and means for applying
said composite signal to sald separating tube
with the proper amplitude and polarity to cause
substantially only the synchronizing impulses to
appear in the output circuic.

HENRY E. RHEA.




