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Otio H. Schade, West Caldwell, N. J., assignor to
Radio Corporation ef America, a corporation

of Delaware

Application May 22, 1946, Serial No. 671,586
(CL. 178—1.2)

9 Claims.

1

The present invention relates to an improve-
ment in video amplifiers to be used in connec-
tion with a television pick-up or camera tube of
the Orthicon type wherein an electron multiplier
is provided in the tube and wherein the video
signals are derived both from the signal plate or
target electrode of the Orthicon tube and from
the final collector electrode of the electron mul-
tiplier within the tube.

In a television pick-up tube of the Orthicon
type, a low velocity cathode ray beam is provided
for scanning a target surface upcn which a posi-
tive electrostatic charge image is produced. Only
such electrons as are necessary to substantially
cancel the positive electrostatic charge image at
the target surface, or to bring the surface to a
uniform datum potential level, are removed from
the scanning cathode ray beam and the remain-
ing electrons constituting the beam are returned
through the tube along substantially the same
path over which they travelled in reaching the
vicinity of the target electrode. In certain types
of Orthicon tubes, however, “lifter” plates have
been provided in order that different peths may
be traversed by the outgoing or scanning beam
and the returned beam of electrons. Regardless
of the actual path traversed by the returning
beam of electrons, this returning beam is current
modulated - due to the subtraction of electrons
from the scanning beam by the target surface to
at least partially cancel the electrostatic charge
image thereat, and the current modulation of
the returning beam of electrons represents a
source of video or image sighals.

It is frequently desirable to incorporate within
the Orthicon, one or more stages of electron
multiplication in order fo increase the video
signal intensity so that the signal-to-noise ratio
of the signal obtained from the Orthicon tube
may be materially improved.

In Orthicon tubes where the returning cathode
ray beam traverses substantially the same path
as the outgoing or scanning cathode ray beam,
the first secondary electron emitter of the elec-
tron multiplier (i. e., the first stage of the elec-
tron multiplier) is generally positioned relatively
adjacent the electron gun structure and, in some
instances, is a part of the beam forming electrode
of the electron gun structure. This beam form-
ing electrode is providad with a very small aper-
ture (of the order of a few mils in diameter) in
order to reduce the spot size of the scanning
cathode ray beam. In spite of this lccation of

the first stage of the electron multiplier, the re~ ;
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turning beam of electrons does not continuously
impinge upon the identical area of the surface
of this emitter but, instead, moves about to a
certain extent in accordance with the horizontal
and vertical scanning defiections of the scanning
beam. The returning beam of electrons, there-
fore, actually scans a very small and reduced
portion of the surface of the first stage of the
eleetron multiplier even though this surface is
located very closely adjacent to, and frequently
forms a portion of the beam forming aperture of
the electron gun structure. 'This small move-
ment or scanning action of the return beam over
the surface of the first stage of the electron mul-
tiplier produces undesired variations in the cur-
rent intensity of the electrons derived from this
emitier of the multiplier other than those cur-
rent variations brought about by reason of the
current mcduiations of the returning cathode ray
beam. This undesired variation is by reason of
the fact that different portions of the surface of
the secondary emitter are not absolutely uniform
or identical in emission response and as the re-
turning cathode ray beam moves slightly over
the surface of this first stage of the multiplier,
undesired variations cecur in the amount of cur-
rent obtained from this emitter.

If the surface of the first stage of the electron
multiplier were absolutely uniform in its second-
ary emission response, then the current varia-
tions of the electrons produced by this emitter
weould be proportional to the current modulations
of the returning cathode ray beam, Under such
conditions, no undesired modulations would exist
and no undesired dark spot signal would be
present. When an undesired modulation in the
current obtained from the first stage of the mul-
tiplier (as a result of the non-uniform emission
characteristics over the surface of the emitter)
is superimposed upon the video signals, this un-
desired current modulation produces a dark spot
in the resultant image. In previous circuit ar-
rangements, this undesired dark spot has been
substantially eliminated by dark spot compensa-
tien injection signals as Is conventional practice
where pick-up tubes of the Iconoscope type are
employed. Such a method of reducing the effects
of the dark spot signal is entirely satisfactory,
however, rather than reduce the undesired dark
spot to a nezligible value by shading signal in-
jectien, it is preferable to effectively eliminate
the producticn of the dark spot signal and thus.
preclude its presence in the video signals therehy
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obviating the necessity of compensating for dark
spot by shading control signal injection.

The United States Patent 2,525,105, issued to
Paul K. Weimer on CQetoker 10, 1950, discloses an
arrangement of and method for operating a tele-
vision camera or pick-up tube of the Orthicon
type wherein it is possible to produce video signals
in which undesired dark spot signals are not pres-
ent even though an electron multiplier is used in
the tube. As explained in the above referred
to Weimer patent, the undesired dark spot signals
are eliminaied from the video signal by obtaining
from the electron muiltiplier only such video
signals as fall in a frequency spectrum in which
no undesired dark spot signals are inherently
present. Since the dark spot signals are repre-
sented by relatively low frequencies, if the video
signals that are derived from the final collector
electrode of the electron multiplier are confined
to that portion of the frequency spectrum above,
for example, 200 kilocycles per second, then no
dark spot signal will be present since the signals
representing the dark spot are substantiaily en-
tirely confined to freuencies lower than 200 kilo-
cyclas per second. In order to supply those por-
tions of the videc signal spectrum below, for
example, 200 kilocycles per second, the above
mentioned Weimer application proposes deriving
such a portion of the video signal from the signal
plate of tie target clegtrode of the Orthicon tube.
No dark spot signals ave present at this electrode
since in the Orthicon, no secondary electrons are
produced by the scanning action of the scanning
cathode ray beam. The low frequency compo-
nents of the video signals are, therefore, obtained
from the signal plate of the target electrode
whereas the high-frequency comyponenis of the
video signals are obtained from the final collector
electrode of the eleciron multiplier in the Orchi-
con pick-up tube. Such an arrangement does
not defeat the purpose of the electron multiplier
since the decidedly improved signal-to-noise ratio
may still he maintained in the high-frequency
compenents where an improvement in the signal-
to-noise ratio is most desirable.

The low and high frequency components so
obtained from the teievision camera or pick-up
tube are then combined and in combining the sig-
nals it is necessary that they be combined in
proper relative amplitudes and that the phase
relationship of the combined signals be proper in
order that there will be present no phase distor-
tion or phase shifting throughout the entire video
spectrum. After the signals have bheen so com-
bined, they are then applied to further video am-
plifiers and the video signal is then used to
modulate a radio frequency carrier aftzr the
necessary blanking, synchronizing and other
pulses have heen added in a manner well known
to those skilled in the art.

The present invention is, therefore, concerned
primarily with the combining of the low and high
frequency comnonents of the video spectrum in
order that the reiative amplitudes of the signals
in these two portions as well as their phase rela-
tionship will be proper so that no distortion or
undesired effects will he produced. By reason of
the presence of the electron multiplier, the high
frequency components of the video signals (i. e.
those over, for example, 200 kilocycles per second)
will have an intensity as derived from the tube
considerably in excess of the intensity of the low
frequency components of the video signals as de-
rived from the signal plate of the target electrode.
The low frequency components will, therefore,
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require amplification before the signals can be
combined.

As a matter of fact, a complete video signal
series is obtainable from both the signal plate and
from the collector electrode of the electron mul-
tiplier. No undesired shading signals are present
in the video signais from the signal plate. How-
ever, as stated above, undesired dark spot signals
are frequently present in the video signal series as
derived from the electron multiplier. In the
present invention signals from each of these two
sources are applied to two separate amplifiers
which have different frequency characteristics
and which operate to amplify and attenuate dif-
ferent portions of the video signal spectrum.
For example, the amplifier to which the video
signals derived from the signal plate of the target
electrode are applied is in effect a low pass ampli-
fier, in which signals below approximately 200
kilocyeles per second are amplified and passed
through the amplifier whereas signals above 200
kilocycles per second are attenuated. The am-
plifier to which are applied the video signals as
derived from the electron multiplier is in effect
a high-pass amplifier where signals up to ap-
proximately 200 kilocycles per second are attenu-
ated whereas signals above 200 kilocycles per
second are amplified and are permitted to pass
through the amplifier. 'The overall gain of each
of the two amplifiers is so adjusted with respect
to each other that the output of each amplifier
(i. e. those portions of the video signal spectrum
that are passed by each amplifier) bear a proper
relative signal intensity so that they may be satis-
factorily combined. Some provision is naturally
made whereby the relative amplitudes of the sig-
nais at the outputs of the amplifiers may be regu-
lated and controlled.

In addition to the requirement that the rela-
tive amplitudes of the video signal ocuiput from
the amplifiers be properly related, it is 2lso neec-
essary that each smplifier exhibit inverse ¢
acteristics insofar as phass distortion cf the
nals is concerned so that if any undesived phas?
displacement occurs in one of the amplifiers, it i

har.

1518
compensated by an equal and oppesile phase dis-
placement in the other amplifior Gn ths fre-
guency region of overlan of the two amplifiers).
Furthermore, the phase shift

ting in the amplifiers
must ke so compensatad that, when the twoe por-

" tions of the entire video spectrum from the two
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amplifiers are comkined, any phase shiit that
may be present in the coinbined video signals will
bhe directly proportional to frequency so that no
distortion will he introduced. After the signals
are combined, the entire spectrum of the video
signals is again present in a single channel and
these signals may be applied to a further ampli-
fier and, ultimately, the signals may hz used to
amplitude or frequency modulate a radio fre-
quency carrier after the necessary blaonking and
synchronizing impulses and other necessary ccn-
trols have been exercised on the video signal se-
ries, :

It is, therefore, one purpose of the present in-
vention to provide, in a television transmitter
where a television camera pick-up tube of the
Orthicon type is employed and in which the pick~
up tube includes an electren multiplier, a pair of
pass-band amplifiers to each cf which is applied
individually, video signals from the signal plate
of the pick-up tube and video signals from the
electron multiplier of the pick-up tube.
~ Another purpose of the present invention re-
sides in the use of separate high-pass and low-
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bass video signal arcplifiers for amplifying video
signals obtained from two separate video output
conductors assgeiated with an Orthicon tube in
which the amgplifiers provide video signsals of
proper relative ampiitudes and of proper phase
relationship so that they may be combined.

Still another purpose of the present invention
resides in applying similar and related television
video signals to two separate amplifiers in which
one smplifier operates t9 incrsass the mbnnow of
one portion cf the video spectrum while the other
amplifier operates to increase the intensily of the
other portion of the video spectrum together with
circuit arrangements whereby the relative am-
plitudes .and phase relationship of the signals
available fm::q the outputs of the two amplifiers
are such that the amplified sighals may be com-
bined to a normal signal.

A still further purpose of the present invention
resides in tlﬂe pr 0v1swon of two amplifiers each of
which are capable of amplifying different por-
tions of the sp 'L umn of & video signal seriss and
in which the degree of undesired vhase displace-
ment present in the amplifiers is subsiantially

compensated so that signals available ot the oub-
puts of the amplifiers may be combined without
introducing phase distortion

Various other purposes 9;;1
present invention will become more apparent to
those skilled in the art from the foliowing de-
tailed deseription particularly when considsred
in connection with ths drawing, wherein:

Higure 1 represents a preferred form of the
present invention; and

Figure 2 represents curves used in explaining
the theory of cperation of the present invention.

Referring now to the drawings, and, more par-
ticularly, to Figure 1 thereof, there is shown an
Orthicon camers or image pick-up tube {9 of the
image inteusifier type. The tube includes sn elec-
tron gun structure having a cathode {2, a con-
trol elecirode i4 nd an accelerating electrode 6.
This electron gun structure is positioned at one
end of the tubke and fuunctions to generate a nar-
row focussed cathode ray beam. The accelerat-
ing eiectrode {5 is provided at its forward end
with a flat surface (8 which

(J

advantages of the

is in fact the first
emitier of an electron multiplier as will be de-
scribed later. 'The end surface §8 is provided
with a small aperture (of the order of 2 or 3 mils
in diameter) which functions as the beam form-
ing aperture of the electron gun structure.

The oppoesite end of the Orthicon tube is pro-
vided with an electrically conducting light respon-
sive surface 22 upon which an optical light image
of an object ares 24 is projected by means of a
lens system 26, Behind the light responsive sur-
face of the photo-cathode 22 is a target electrode
28 generally made of a wafer of very thin glass.
Adjacent one face of the target electrode 28 is a
fine mesh screen 29 which forms a signal plate.
This conducting screen or signal plate is in elec-
trical contact with the photc-electron accelerat-
ing electrode element 88. The aceelerating elec-
trede 28 and the conducfmc screen or signal plate
are normally operated at a substantially fixed po-
tential generally at or near ground potential.
The conducting photo-cathode 22 is operated at
a negative potential with respect to the signal
plate and infermediate the photo-cathode 22 and
the signal plate (or target electrode 28) is an elec-
traode 32 which is maintained at an intermediate
potential. The electrode 32 is, therefore, posi-
tive with respect to the photo-cathode yet nega-
tive with respect to the signal plate. When an
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optical image is projected upon the photo-eath-
ode 22, photo-electrons are emitted from the sur-
face of the photo-catiiode in an amount depend-
ing upon the intensity of the optical image.
These photo-electrons are then accelerated in
order that they impinge upon the front surface

of the target elecirode with sufficient velocity to
generate secondary electrons, which in turn are
abscrbed by the screen 28 associated with elec-
trode 88. By reason of the emission of photo-
electrons an electronic current image is present
between the photo-cathode and the target elec-
trode and since secondary electrons of a ratic
greater than unity are produced at the target
electrode due to the impacting to-electrons,
an intensified positive electrostatic charge image
is produced over the surface of the target electrode
corresponding to the optical image projected on
the photo-cathcde.

Intermediate the target electrode 28 and the
electron gun structure are additicnal electrades
34, 36 and 38 to which are applied potentials in
an increasing positive polarity. The potentials
of these electrodes assist in maintaining proper
velocity of the scanning cathode ray beam at the
target electrode as well 2s to accelerate and di-
rect the refurn beam of electrons to the first emit-
ting surface {8 of the electron multiplier. The
path of the outgoing scanning cathode ray beam
69 and the return cathode ray beam 62 is repre-
sented by broken lines in Figure 1 of the draw-
ing.

Surrounding the image Crthicon tube I8 is a
focussing coil 40 to which is applied g direct
current for producing an electromagnetic field ex-
tending through and parailel to the axis of sym—
metry of the tube. This electromagnetic field as-
sists in maintaining a desired focal condition of
the scanning and return cathode ray beams. Po-
sitioned between the focussing coil 49 and the
pick-up tube {8 are the deflection coils 2. These
coils surround only a portion of the length of
the Orthicon fube and to these coils are applied
approvriate horizontal and vertical deflection
voltage variations from appropriate deflection
generators (not shown). The deflection: coils pro-
duce alternating electromagnetic fields in both
horizontal and vertical directions at different
rates in order to affect the desired scanning op-
eration as is well known to those skilled in the
art. The resultant fild produced by the combi-
nation of the field produced by the deflecting
coils and the field produced by the focussing coil
bring about the desired deflection in the cathode
ray beam, yet the desired focal condition of the
beam is maintained during its travel to and from
the target surface. Appropriate relative poten-
tials may ke applied to the various electrodes in-
cluded within the Orthicon tube {8 by means of
a potential divider £4 or by any eother appro-
priate means.

The electron multiplier includes as its first
emitting surface the end {8 of the accelerator 18
of the electron gun structure and the secondary
electrons emitted at this surface are directed upon
the second stage 45 of the electron multiplier.
The electrode 38 assists in “persuading” or di-
recting these secondary electrons upon the sec-
ond stage 48 of the multiplier and this stage of
the multiplier is annular in construction and sur-
rounds the electron gun structure. Maturally, the
emitting surface of this stage of the multiplier
is maintainedata poteniial more positive than the
first emitter 8. The secondary electrons avail-
aple from the second stage £#8 of the multiplier

pho
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are directed against the third stage 48 where
additional secondary electrons are produced and
these in turn are directed against the fourth stage
50 of the multiplier where the produced secondary
electrons are directed against a collector elec~
trode 52. In the multiplier shown in the draw-
ing, four stages, each including secondary elec-
tron emitters having a ratio greater than unity,
are provided and these stages are represented
at 18, 45, 48 and §3. It, is, of course, obvious
that a greater or lesser number of stages may
be included in the electron multiplier. The col-
lector electrode 52 is, of coursz, maintained at the
most positive potential and hetween the collector
electrode 52 and the positive terminal 54 of a
source of potential is a lcad resistance 58 across
which video signals may be obtained. Conductor
58 is provided for obtaining the video signal series
from the electron multiplier portion of the Orthi-
con tube. '

When the cathode ray beam is directed to-
ward the target electrode 28 and when g positive
electrostatic charge image is present at that elec-
trode, a certain number of electrons constituting
the beam wili be utilized in neutralizing at least
a portion of the electrostatic charge image while
the remaining electrons are returned and directed
upon the first emitter i8 of the electron multi-
plier. By reason of this removal of a continually

varying number of electrons from the scannad

beam 68, a current modulation is present in the
return beam 52 and this current modulation is
representative of the light values of the optical
image provided on the photo-cathode 22. Due to

the scanning action, video signals are also avail- ¢

able from conductor 84 which is connected to the
conducting surface or signal plate on the front
side of the target electrode 28.

In television pick-up tubes of the Orthicon
type where the video signals are derived solely
from the returning cathode ray beam, with or
without an electron multiplier, and where no
video signals are derived from the signal plate
of the target electrode, blanking during beam
return time is normally accomplished by apply-
ing a voltage variation of rectangular waveform
to the target electrode. This voltage variation is
represented as negative pulses which occur in
phase with the horizontal and vertical return
deflections of the scanning cathode ray beam,
and, inasmuch as they extend in & negative direc-
tion, they preclude the absorption of any of the
electrons constituting the scanning cathode ray
beam during both the horizontal and the vertical
return strokes. A correct black level is, there-
fore, established in the signal series. In the sub-
ject invention, however, such a form of blanking
cannot well be employed since video signals are
derived from the signal plate associated with the
target electrode. If the above referred to type
of blanking were employed, a rather objection-
able voltage variation would be introduced into
the amplifier associated with the signal plate of
the target electrode. Since it is preferable not
to inject such g signal into that amplifier, blank-
ing in the present invention is accomplished by
modulating both the cathode and control elec-
trodes of the electron gun structure. In order
that a modulation may be simultaneously applied
to these two electrodes of the gun structure, the
cathode 12 of the electron gun is connected to
ground (or a point of fixed potential) by means
of g resistance or impedance 66 and a further
resistance or impedance §8 is included between
the control electrode and the source of biasing
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potential. A condenser 710 is connected between
the control electrode {4 and the cathode I2.
Blanking potentials of a waveform such as repre-
sented at 12 are then applied between the cathode
{2 and ground (or the point of fixed potential
and by reason of the presence of the condenser
70 these same blanking impulses are applied to the
control electrode i4. The presence of resistances
or impedances 66 and 68 permit the potentials
of these two electrodes to be modulated. The
blanking impulse is in g positive direction and
as a result the velocity of the generated cathode
ray beam is reduced during both the horizontal
and vertical return deflections. Accordingly, by
so reducing the velocity of the beam it is pre-
cluded from coming sufficiently close to the target
electrode to permit any electrons to be absorbed
therefrom during the fly-back time. It is desir-
able that both the cathode and the control elec-
trode be simultaneously modulated by substan-
tially the same extent in order that the current
intensity of the cathode ray beam will not be
aitered during the blanking interval since it is
imperative that the current intensity of the
developed cathode ray beam be maintained sub-
stantially constant. If the current intensity of
the cathode ray beam were altered during the
blanking interval, then a corresponding dis-
turbance on signals would be generated in the
video signal series as derived from the electron
multiplier by way of conductor 58 since the cur-
rent modulation of the generated cathode ray
beam would be reflected into the amplifier by the
electron multiplier. Accordingly, by modulating
hoth the cathode and the control electrode of
the electron gun structure in a positive diree-
tion during both the horizontal and vertical re-
turn strokes of the cathode ray beam, an effec-
tive blanking impulse can bhe applied to the
Orthicon and a true black level sighal will be
chtained from both conductors 58 and 64 during
the blanking interval. Technically, the extent to
which the cathode and control electrode are
pulsed in a positive direction during blanking
should not be identical since a change in the
cathode potential in a positive direction effec-
tively amounts to a change in the screen grid
potential in a negative direction. Accordingly,
the extent to which the control electrode is
pulsed in a positive direction might, in some
instances, be preferably less than that of the
cathode.

As explained above, the returning cathode ray
beam 62 does not continuously impinge upon
the same area of the first stage 18 of the electron
multiplier but instead actually scans a small
arsa or portion of this electrode in accordance
withh the deflection forces applied to the scan-
ning cathode ray beam. Since the surface {8
is not entirely uniform insofar as its secondary
electron emission ratio is concerned, an undesired
variation in the number of secondary electrons
produced at the first emitter 18 takes place which
results in an undesired modulation of the current
from this emitter. The frequencies of this un-
desired modulation are relatively low and if
eliminated by the amplifier associated with the
conductor 58 will result in the elimination of
the undesired dark spot signal. Accordingly, the
amplifier including tubes 14, 78 and 78 to which
the video signals are applied from the electron
multiplier by way of conductor 58, has a char-
acteristic such that it amplifies that portion of
the video signal spectrum above approximately
200 kilocycles per second with the result that
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signals having a frequency corresponding to the
undesired dark spot are attenuated or substan-
tially eliminafed. A second amplifier which
includes tubes 89 and 82 is provided and is asso-
ciated with conductor §2. This amplifier is,
therefore, supplied with the video signals
obtained from the signal plate of the target elec-
trode 28 aund is effective, primarily, for amplify-
ing that portion of the video signal series below
approximsately 209 kilocycles per second.

The amplifier tube ¥4 includes at icast a cath-
cde, a control electrode and an anode. The
cathode is preferably connected to ground poten-
tial while the control electrods is connected %o
ground through resistors 84 and 8§ in series. In
order to apply proper biasing (of approximately
1 volt) to tube 74, a resistor 88 is connsected be-
tween the junction of resistors 84 and 2§ and
a source of negative poiential 83. Since, in a
television transmitter inciuding the equipment
described herein, a scurce of negstive potential
of 150 volts is availabls, the values of resistances
8% and B8 are so chosen that when a negative
potential of 155 velts iz applied to terminal 88,
a resultant negative potential of approximately
1 volt is applied to the control eleetrode of tube
74 with respect o its cathode. It is to be under-
steod, of course, that any cther method of ob-
taining the desired hias on the control electrode
of tube 74 could, in fact, be employed.

Video signals present on conductor 58 (which
inciude the black level signals and undesired dark
spot signals) are applied to the control electrode
of tube 74 by way of condenser 92. The video
signals derived from this conductor are repre-
sented in general by the curve 94 and signals
representative of white extend in a positive direc-
tion whereas signals representative of black ex-
tend in a negative direction. 'These signals are
amplified by the tube 74 and appear in reverse
polarity in the anode circuit of tube 74 which
includes a series of peaking coil 98, a shunt peak-
ing cathede 98 and a load impedance 188, A
decoupling resistor 1082 and condenser 184 is also
included in the ancde civcust and a source of posi-
tive potential is applied to this circuit. T¢
amplified signals represented by the curve 19§
are then applied to the contrel electrode of tube
76 by way of condenser C2. The wave form of
the signal after passing through the condenser
C2 is somewhat different from that shown by
curve {88 due fo the loss of the lower frequencies.
At th's point in the amplifier, white in the video
signal extends in a negative direction whereas
hMack extends in a positive direction. The tuhe
78 includes at least a cathode, s control elec-
trode and an anode and the cathode is connected
to a source of negative potential by way of resist-
ances §88 and 148, The cathode is also connected
to a point of fixed potent'al by condenser §142
while the junction of resistances 188 and 119 is
connected to ground by wav of an adiustable
resistance 114 and a relatively large condenser
{48. This condenser, in combination with con-
denser 12, is a high psaking circuit that func-
tions by var’able degeneration of gain in tihe 7§
to compensate in a normal manner for the input
capacitance effscts of the grid cireuit of tube 4.
The time constant of the peaking circuit is ad-
justed by the variable resistance 114, Tha control
electrode of tube 78 is connected to ground by
grid resistor B8. The ancde cireut of tuhe 78
includes a peaking arrangercent similar to that
associated with tube 74 so that amplified vidso
signals are present at the junction of the series
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10
and shunt peaking coils associated with the tube
76. 'These amplified video signals, represented
at 17, are then applied to the control electrode
of tube 8 through coupling condenser C& and
the control elsctrode of tube 78 is maintained
al proper cperating potential with respect to its
associated cathode by g circuit arrangement simi-
lar to that associzted with the eontrol electrode
of tube Y4, The contrel electrode is connected
to ground by two series resistances {18 and 120
botn of which, taken together, are designated as
R4, The potential drop across resistance 128,
which is connected in serics with resistance £23,
aifords the nscessary biasing for the control elec-
trode of tube ¥8. To afford a little further bias-
ing, the cathode of tube 73 is connected to ground
by way of resistance {24 which is by-passed by
condenser {28. The anode circuit of tube 18 in-
cludes series peaking coil £28, shunt peaking coil

3% and series resistances (32 and {38, A con-
ductor 185 is connscted to the junction of resist-
ances {82 and 134. A conductor {25 is connected
to the junction of resistances {32 and (34 by
way of a coupling condenser 136. Amplified video
signals are, thersfore, present at the anode of
tube 78 with the signals representing white ex-
tending in a negative direction and with the sig-
nals representing hlack extending in s positive
divection.

Since the cutput from the low frequency com-
penent amplifier is combined (by way of con-
ductor {28) with the output from the amplifier
Just described, and since the combined cutputs
from these amplifiers are applied to a further
smplifying tube {82, the low frequency compo-
nent amplifier will now be describzed.

Video signals derived from conductor §4 as-
sceiated with the signal plate and target electrode
of the Orthicon tube are applied to the control
electrode of tube 88. Signals available at this
point are represented by the curve 149 in which
signals representative of white extend in & nega-
tive direction while signals representative of
black extend in a positive direction. The tube
83 includes at least a cathods, a control elec-
trode and an anocde and the cathode of tube
88 is connected tc a movable terminal of &g
potentiometer 142, A point aleng this poten-

_ tiometer is connected to ground while positive
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and negative potentials of low intensity are ap-
plied to each end of the potentiometer 142 for
2 purpose which will be explained later. The
contral electrode of tube 88 is connected to the
cathode by means of series resistances {44 and
145 which together are designated as RI. The
junction of these two resistances {44 and 14§
is connected to a source of negative potential
by way of resistances {48 and 150. A secondary
condenser (52 is connected between the junction
of these two last named resistances and ground.
Proper biasing potential is applied to tube §9 by
means of the potential drop across resistance
46 which is connected to the negative terminal
62 in series with the resistances {48 and {59.
A cerfain amount of distributed capacity is pres-
ent between conductor 84 and ground and this
distributed capacity is represented by the capac~
itor Cf. The anode circuit of tube 80 includes
load resistance R2 and decoupling resistance
154 and condenser {56.. Amplified video signals
are, therefore, present at the anode of tube 80
and these signals are represented in general by
the curve 158 in which signals representing black
extend in a negative direction. These signals are
applied to the control electrode of tube 82 by way
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of coupling condenser 160. The distributed

capacity present between ground and the input-

circuit of tube 82 is represented by the con-
denser C2. The tube 82 includes at least a cath-
ode, a control electrode and an anode and the
cathode of this tube is connected to ground. The
control electrode of tube 82 is connected to
ground by way of grid resistances 182 and 163
while the junction of these resistances is con-
nected to a source of negative potential by way
of resistance 166. The potential drop across re-
sistance 164, therefore, affords the necessary bias-
ing for tube 82. The anode of tube 82 is con-
nected to a source of positive potential by means
of resistance 168 and, accordingly, amplified
video signals are present at the anode of tube
82 as represented in general by curve 179 with
signals representative of white extending in a
negative direction and signals representing black
extending in a positive direction.

It will be observed that the polarity of the
video signals present in the anode circuit of tube
82 corresponds identically to the polarity of the
signals present in the anode circuit of tube 78.
The video signals present at the anode of tube
82 are applied to conductor {35 by way of cou-
pling condenser {72 and their intensity may be
altered by means of the potentiometer 174, Sig-
nals present on conductor 3% from the poten-
tiometer 174 associated with the low frequency
component amplifier including tubes 88 and 82
are, therefore, combined with the high frequency
components of the video signal series by injec-
tion into the anode circuit of tube 78 through
condenser §36. There are, therefore, present at
coupling condenser {76, frequencies reprasenta-
tive of the comnlete video signal series and this
comnlete sional series is represented bv curve {77
and is applied to the control electrode of tube
138. Prover biasine for tube 138 is provided hy
means of the notential drop across resistance
178 and the control electrode of this tube is con-
nected to grnund throuzh series resistances 178
and i80. The outout from tube 128 mav then
be anplied to further stages of amnvlification,
terminetine with tnbe 182 where the amwvlified
comvlete video sien=al series including the entirve
spectrum of frequencies mav be made availahle
between output terminals 184 associgted with
tuhe 182.

Tubes 74, 78, 78 and 138 are preferably nentodes
of a type similar to the type 6AK5 while tube
80 is preferably of the type 6ACY and tube 82
may be of the type 6J6, which is a dual triode,
with the tube operated by connecting the ele-
ments in parallel. It is not intended to imply
that only these specifically mentioned tube types
may be employed since it is obvious that dif-
ferent types of tubes may be used so long as their
characteristics are such as will afford and pro-
duce the desired results.

For practical purposes, it is desirable that the
amplifiers above described for individually
amplifying the high-frequency components and
the low-frequency components of the entire
video signal series possess the desired pass-band
characteristics. To accomplish this purpose, the
resistance-capacitance filters or networks which
form a part of the amplifier circuits are very
carefully chosen. The high-pass filter action
of the amplifier to which signals are supplied
from the multiplier by way of conductor 58, is
obtained by decreasing the grid circuit time con-
stant of tubes 76 and 18. The time constant as-
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sociated with the grid circuit of tube 76 is de-
termined by C3 and R3 while the time constant
of the grid circuit of tube 78 is determined by
C4 and R4. For the purpose of convenience,
these two time constants will be designated as
T8 and T4 respectively. The low pass filter
action of the amplifier to which signals are sup-
plied from conductor 84 is cbtained by normal
load resistances-tube capacitances in the ampli-
fier. The first load resistance is R{ (resistances
{44 and (45 in series) and the associated con-
denser Cl (the input tube capacitance of tube
80, together with some small distributed capacity
between the wiring and ground) form a time
constant circuit which will be designated as Ti.
Similarly, the load resistance R2 of tube 89 to-
gether with the input capacitance C2 of tube 82
form a second time constant circuit T2. The
input resistance R{ and the time constant T
are so chosen as to obtain a signal-to-noise ratio
throughout the band of frequencies passed by
this amplifier which is equivalent to or greater
than that obtained from the electren multiplier
in this particular range.

Tt has been found that to accomplish the de-
sired results a particular relationship must exist
hetween the time constants Ti, T2, T? and T4.
This reletionship may be expressed as a ratio
in which Ti:T2=T3:T4. In other words, the
product of T1 and T4 should approximately equal
the product of T2 and T3. In addition to this
mathematical relationship, the values of the time
constants must be so chosen that each amplifier
will pass the desired bands of frequencies. For
the particular values of circuit elements shown
in Figure 1, the cut-off frequencies of the two
amplifiers is chosen at approximately 200 kilo~
cyeles per second, as is shown in Figure 2 of the
drawing. In this figure. a series of curves are
shown representing the characteristics of the two
amplifiers. The curve TL. for example, shows
the response of the amplifier used to amplify
the low frequency components of the video sig-
nal series while the curve TH represents the re-
sponse of the amplifier associated with the elec-
tron multiplier of the Orthicon tube for amplify-
ing the high frequency components. It will be
ohserved that these two curves TL and TH cross
at approximately 200 kilocycles per second and
that the response of each amplifier is % or
70.79% at this point. The characteristics of the
high-frequency component amplifier must also
be so chosen that an effective rapid decay of black
level signals from the multiplier during retrace
time will vesult in order to prevent the black
1level setter or clamp circuit, included in further
stages of amplifier, from responding to the sig-
nal intensity of signals obtainable from the mul-
tiplier and the high frequency amplifier. It is
desirable for proper black level setting that the
clamp circuit respond to signals obtained from
the target electrode over conductor 84 and the
low-frequency component amplifier. To assure
that a proper black level is established, it may in
some instances, be necessary to delay the clamp
action so that it occurs during the latter portion
of the retrace interval and during the latter
portion of the time that a blanking impulse is
applied to the cathode and a confrol electrode
of the electron gun in the Orthicon or camera
tube. 'The blanking interval may be of the order
of 6 microseconds to assure that the black level is
determined by the signal intensity obtained from
the target electrode and low frequency component
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amplifier,at which time the amplitude of the black
level pulse passed by the high-frequency com-
ponent amplifier has decayed to a negligible value
due to the characteristics of that amplifier.
Consideration of these particular problems, to-
gether with a satisfaction of the above mentioned
relationship of the time constants, fairly defi-
nitely establish the permissible values of circuit
parameters that constitute the various time con-
stamt circuifs. As regards the matter of phase
relationship, it will be observed that series and
shunt peaking is employed in the amplifier asso-
ciated with the multiplier of the Orthicon tube
while no similar peaking is employed in the am-
plifier for amplifying the low-frequency com-~
ponents of the video signal series. The single
high-gain stage including tube 88 of the low-
pass amplifier, without the use of peaking coils,
Tacilitates an exact match of complementary fre~
quency and phase deviation in the two amplifiers.

Referring again to Figure 2, curve T{ repre-
sents the frequency response of the low-frequency
component amplifier as a result of a time con-
stant T1 while the curve T2 represents a response
of the same amplifier as the result of the time
constant T2. When both these time constant
cireuits are included in the amplifier, the re-
sultant overall frequenzy response characteris-
tic is such as that represented by the curve TEL.
Similarly, the curve T3 represents the responss
of the high-frequency component amplifier as
a result of the time constant circuit T3 and the
curve T4 represents the response of the cireuit
to the action of the time constant circuit T4.
When both these time constants are included in
the amplifier, the overall response may be such
as that represented by the curve TH. The overall
response of both amplifiers, when their outputs
are combined. is represented by the straight hor-
izontal line at the tcp of Migure 2.

Values of the various circuit paramsters as in-
dicated in Figure 1 of the drawing, are given by
way of example only, since it is conceivakle that
some degree of selection is passible even though
cerfain rather stringent conditions must be met,
Furthermorse, the values of these elements, and
especially the values of the elements that con-
stitute the time constant eircuits referred to, de-

nend considerably upon the cut-off frequency =
If a frequency other than 209

that is chosen.
kiloeyeles per second were chosen, then naturally
the values of the resistances and sondensers con-
stituting the time constant circuits would nat-
urally he altered by a commensurate amount.
When two amplifiers are provided such as in-
dicated iz Figure 1, the outpubt from the low
frequency component amplifier may be combined
with the oufput from the high frequency com-
porent amplifier by plafe circuit iniection as
represented in Figure 1 and in the particular in-
stance shown this is accomplished by coupling
condenser 35 associated with the anode load
irouit of tube 78 of the high freguency com-
nonent amplifier.
zignal injection is show
different fypes of signal
hining may be exerc

, it is conceivable that
njection or signal com-
Yor example, it is

by injection into

3 to apply the sig from the low fre-
auency component amp to the high fre. -

component amplifier

: 0 civenit of tubs Under this cir-
cumsiance, however, and in view of the low im-
redance gssociated with the cathode cireuit of

tube 78, the circuil parameter associated with

Although this specific typa of ¢
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‘tube 82 must-also be altered in-order that a proper
impedance match may result.
The choice of the cut-off frequency of approxi-
mately 260 kilocycles per second appears to be
desirable although a higher or lower frequency

cut-off value could be employed. If a higher fre-

quency were used an even more complete elimina-
tion of undesired spurious dark spot signals could
be accomplished although there is g limit to a
shifting of the cut-off frequency in this direction
by reason of the signal-to-noise ratio at the
grid of tube 89 as compared with the advantages
oktained through the use of the electron multi-
plier portion of the Orthicon tube. If a lower
frequency cut-off were employed, the undesired
shading signal would not so completely be elimi-
nated, but, on the other hand, a higher signal-
to-noise ratio would result in the low frequency
component amplifier. :

From the above, it may, therefore, be seen that
undesived dark spot signals may be eliminated
from an Orthicon tube employing an electron
multiplier through the use of two parallel operat-
ing amplifiers which are supplied with video sig-
nals individually from the electron multiplier
portion of the Orthicon camerg tube and from
the target electrode of the same tube. It may
also e seen that signals from these two sources
may be passed through appropriate amplifiers
having desired kand pass characteristics and that
the amplifiers described herein permit the com-
bining of the signals passed thereby in proper
amplitude and phase relationship so that sub-
stantially no distortion occurs in the entire video
signal series.

I claim:

1. A pair of parallel operated band pass am-~
plifiers for amplifying television video signals
comprising a first amplifier to which is applied
a video signal series for amplifying the low fre-
quency components of the video signals, said am-
plifier including at least one amplifying stage
having an input load resistance-tube capacitance
time constant T4, said araplifying stage having
an cutpub load resistance-tube capacitance time
constant T2, a second amplifier to which is ap-
plied a substantially similar videc signal series
for amplifying the high frequency components of
the video signals, said second amplifier including
at least fwo amplifying stages, each stage having
elements constituting grid circuit time constants
T& and T4, the parameters of the two amplifiers
being such that the product of the time constants
T and 74 is substantially equal to the product
of the time constants T2 and T8, and in which
time constants T3 and T4 are of the order of
ten times the time constants T1 and T2, respec-
tively, and means for combining the outputs from
the two amplifiers to produce a composite series
of video signals.

2. A pair of parallel operated amplifiers for
amplifying television video signals comprising a
first amplifier for amplifying the low frequency
components of an applied video signal series, said
amplifier including an amplifying stage having
an input load resisbance-tube capacitance circuit
constituting time constant T4 and an cutput load
resistance-tube capacitance circuit constituting
time constant T2, a second amplifier for amplify-
ing the high frequency components of a substan-
tially similar applied video signal series, said
second amplifier including two amplifying stages,
grid ecircuit elements associated with each am-
plifying stage constituting time constants T3 and
T4, the values of said load resistances and grid
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circuit elements being such that the product of
the time constants T1 and T4 is substantially
equal to the product of the time constants T2
and T3, and in which time constants T3 and T4
are of the order of ten times the time constants
T and T2, respectively, and means for combining
the outputs from the two amplifiers to produce
‘s complete composite series of video signals.

3. A television video signal amplifier including
a pair of parallel operated band pass amplifiers
for amplifying video signals comprising & first
amplifier for amplifying the low frequency com-
ponents of the applied video signal series, said
amplifier including at least one amplifying stage,
the load resistance for the applied video signals
and the distributed capacity constituting a time
constant T4, an output load resistance for said
amplifying stage, the load resistance and the tube
capacitance of the amplifying stage constituting
a second time constant T2, a second amplifier for
amplifying the high frequency components of the
applied video signal series, said second amplifier
including at least two amplifying stages, each
stage having an input coupling condenser and an
associated grid resistance constituting time con-
stants T3 and T4, the parameters of the time
constant circuits being such that the ratio of
the time constant Tl to the time constant T2 is
substantially equal to the ratio of the time con-
stant T3 to the time constant T4, and in which the
time constants T! and T2 have a value of the
order of one-tenth the time constants T3 and T4,
respectively, and means for combining the video
signals available at the outputs of the two ampli-
fiers into a single composite series of video signals.

4. A television video signal dual channel ampli-
fier including a pair of parallel operated ampli-
fiers for amplifying substantially identical video
signals comprising a first gmplifier for amplifying
the low frequency components of the applied vid-
eo signels, said amplifier including an amplify-
ing stage, a load resistance for the applied video
signals, which, together with the distributed ca-
pacity constitutes a time constant T1, an output
load resistance for the amplifying stage, which,
together with the tube capacitance constitutes a
second time constant T2, a second amplifier for
amplifying the high frequency components of the
applied video signals, said second amplifier in-
cluding two amplifying stages, each stage hav-
ing an input coupling condenser and an associ-
ated crid resistance constituting time constants
T2 and T4, the values of the resistances and ca-
pacitances of the two amplifiers being so chosen
that the ratio of the times constant Tl to time
constant T2 is substantially equal to the ratio
of the time constant T3 to the time constant T4,
and in which the time constants T{ and T2 have
a value of the order of one-tenth the time con-
stants T% and T4, respectively, whereby, when
the video signals available at the output of the
two amplifiers are combined into a single com-
posite series of video signals, the composite sig-
nals will contain substantially no phase distor-
tion.

5. A television video signal amplifier including
a channel for amplifying the low frequency com-
ponents of an applied video signal series and a
parallel operated channel for amplifying the high
frequency components of a substantially similar
applied video signal series, said low frequency
component amplifier including at least one am-
plifying stage having an inpuf load resistance-
tube capacitance time constant circuit TI {o
which the video signals are applied and an output
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Joad resistance-tube capacitance time constant
circuit T2 to which the signals passed by said
amplifying stage are applied, said high frequency
component amplifier including at least two am-
plifying stages, each of said amplifying stages
being preceded by grid time constant circuits T3
and T4, each time constant circuit comprising
a series coupling condenser and a shunt grid re-
sistance, the values of the elements constituting
the various time constant circuits being so chosen
that the product of the time constant circuits T
and Tf is substantially equal to the product of
the time constant circuits T2 and T3, and in
which the time constants TS and T4 are approxi-
mately ten times as large as time constants T
and T2, respectively, and means for combining
the amplified video signals available from both
of the amplifying channels to produce a com-
posite series of video signals which is substantial-
1y free of phase distortion.

6. A television video signal amplifier including
a pair of parallel operated amplifying channels,
one channel for amplifying the low ireguency
components of a video signal series and the other
channel for amplifying the high frequency com-
ponents of a substantially similar video signal
series, said one channel including an amplifying
stage having an input load resistance-tube ca-
pacitance time constant circuit T1 to which the
video signals are applied and an output load re-
sistance-tube capacitance time constant circuit
72 to which the video signals passed by said am-
plifying stage are applied, said other channel in-
cluding two amplifying stages, each amplifying
stage being preceded by 2 series coupling con-
denser and a shunt grid resistance constituting
time constant circuits T3 and T4, the values of
the elements constituting the various time con-
stant circuits being so chosen that the product
of the time constant circuits T1 and T4 is sub-
stantially equal to the product of the time con-
stant circuits T2 and T3, and in which the time
constants T3 and 74 are approximately ten times
as large as time constants T1 and T2, respectively,
and means for combining the amplified video sig-
nals available from both of the amplifying chan-
nels to produce a composite series of video signals
which is substantially free of phase distortion.

7. A television transmitting system wherein an
Orthicon image pickup tube having a target elec-
trode and an electron multiplier is provided and
wherein television video signals are derived from
both the target electrode and the electron multi-
plier, comprising a low frequency component
amplifier to amplify the low frequency compo-
nents of the television video signals available
from the target electrode including at least one
amplifying stags, the load resistance-tube ca-
pacitance circuit for the video signals available
from the target electrode constituting a time
constant cireuit T{ and the load resistance-tube
capacitance circuit to which the amplified sig-
nals are applied constituting a time constant cir-
cuit T2, a high frequency component amplifier
to amplify the high frequency components of the
television video signals available from the elec-
tron multiplier including at least two stages, cach
stage including input grid circuit time constant
circuits T8 and T#& comprising series capacitances
and shunt resistances, the values of the elements
constituting the various time constant circuits
being so chosen that the ratio of the time con-
stant T{ to the time constant T2 is substantially
equal to the ratio of the time constant T3 to the
time constant T4, and in which the time constants
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Ti and T2 have a value approximately one-tenth
as large as the time constants T3 and T4, respec-
tively, and means for combining the amplified
video signals available from the outpufs of the
two amplifier channels whereby a single com-
posite series of video signals will be produced.

8. A television transmitting system wherein an
Orthicon image pickup tube is used to provide
video signals and wherein the tube has a target
electrode and an electron multiplier with provi-
sions whereby television video signals may be de-
rived from both the target electrode and the elec-
tron multiplier, comprising two paralle! operated
amplifying channels having different band pass
characteristics, one of which is effective to am-
plify the low frequency components of the tele-
vision video signals available from the target
electrode and the other of which is effective to
amplify the high frequoncy components of the
television video signals available from the elec~
tron multiplier, said low frequency component
amplifier including one amplifying stage, a load
resistance-tube capacitance circuit constituting
a time constant circuit Ti to which the video sig-
nals available from the target electrode are
applied, a load resistance-tube capacitance time
constant circuit T2 to which the signals amplified
by the stage are applied, said high frequency
component amplifier including at least two stages,
each stage including series capacitances and
shunt resistances constituting input grid circuit
time constant circuits T8 and T4, the values of
the elements constituting the various time con-
stant circuits being so chosen that the ratio of
the time constant T to the time consant TZ is
substantially equal to the ratio of the time con-
stant T8 to the time constant T4, and in which
the time constants Ti and T2 have a value ap-
proximately one-tenth as large as the time con-
stants T3 and T4, respectively, and means for
combining the amplified video signals available
from the outputs of the two amplifier channels
whereby a single composite series of video signals
will be produced.

9. A pair of parallel operated band pass am-
plifiers for amplifying television video signals
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comprising a first amplifier to which is applied
a video signal series for amplifying the frequency
components of the video signal up to approxi-
mately 200 kilocycles per second, said amplifier
including at least one amplifying stage having
an input load resistance-tube capacitance time
constant T{ and an output load resistance-tube
capacitance time constant T2, a second amplifier
to which is applied a substantially similar video
signal series for amplifying the high frequency
components of the video signals above approxi-
mately 200 kilocycles per second, said second am-
plifier including at least two amplifying stages,
each stage having elements constituting grid cir-
cuit time constants T3 and T4, the parameters
of the two amplifiers being such that the product
of the time constants Tl and T4 is substantially
equal to the product of the time constants T2
and T3, and in which time constants T3 and T4
are of the order of ten times the time constants
Tt and T2, respectively, and means for combin-
ing the outputs from the two amplifiers to pro-
duce a composite series of video signals, whereby
the desired band pass characteristics are present
and whereby a substantially distortion free com-
posite series of video signals will result.

OTTO H. SCHADE.
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