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ASSIGNMENT 98

THE MONOSCOPE CAMERA CHAIN

A monoscope camera chain is used to generate a standard television
test signal. The monoscope camera is not a television camera, in the
normal sense of the word, since it contains no lenses and cannot be used
to pickup lighted scenes. Instead, this camera chain generates a stand-
ard test pattern signal. Figure 1 shows the test pattern generated by a
monoscope camera when using one particular type of monoscope tube. It is
also possible to obtain special monoscope tubes with any desired pattern,
for example, it is possible to get a test pattern with the call letters
of a particular station on it. The pattern produced by the monoscope
camera is determined entirely by the monoscope tube employed.

When a standard television pattern is desired the monoscope camera
excells the normal television cameras employing the Iconoscope or Image
Orthicon tube in a number of respects. In the first place a constant
image is formed by the monoscope, since the transmitted image is contained
within the monoscope tube itself. In other cameras the image changes
from time to time depending upon the lighting conditions and the scene
televised, whereas in the monoscope a particular scene is available and
since no light is necessary for the reproduction of the scene, it will
always remain the same. This permits a person using the monoscope signal
.to become familiar with this test pattern and thereby make accurate
comparison of the operation of various types of television equipment.

Another advantage gained through the use of the monoscope camera
for obtaining a standard signal is the fact that no external lighting
or optical lens arrangements are required. This makes the operation
of the camera quite simple. Another advantage of the monoscope camera is
that this tube is many times more sensitive than the normal television
pick-up tubes, thereby permitting a definite amplitude of output signal
from the camera chain with fewer stages of amplification. This simplifies
the circuit arrangement.

Monoscope cameras are used for several purposes. In many television
broadcasting stations a special monoscope tube is employed which generates
a test pattern containing the station call letters. This monoscope
camera is then used to generate the signal transmitted during the time
that the television station is transmitting a test pattern.

Monoscope cameras are also used very widely in television broadcast
stations to provide a standard signal to check the linearity, definition,
etc., of the other camera equipment. For example, if the monoscope
camera is generating the standard signal with near perfect linearity
the circuits of the various monitors can be adjusted to obtain correct
linearity. Then the signal from the other cameras can be viewed on
the monitor and the necessary linearity adjustments made on these cameras
4o obtain a correctly proportional scene. If no monoscope camera is used
it is rather difficult to determine what should be used in the setup
as the standard signal, since all of the cameras and monitors have
linearity controls.
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Monoscope cameras are used in other places besides television
broadcasting stations. For example, practically all large television
manufacturers employ monoscope cameras for generating the test signals
at their production plants. This test signal may then be used in the
final phases of receiver adjustments and final checking. A separate
synchronizing generator must, of course, be used in these cases.,

Block Diagram of Monoscope Camera Chain

The block diagram of the UTL monoscope camera chain is shown in
Figure 2. As indicated in this figure, the video signal is generated
in the monoscope tube. The deflection circuit and the high-voltage
circuit used with the monoscope tube are similar' to magnetic deflection
circuits which have been considered in previous camera equipment. The
output signal from the monoscope is coupled to the main video amplifier
where it is amplified and combined with the blanking signal. The video
and blanking output signals from the main video amplifier are then
fed to the distribution amplifier which provides several outputs for
various viewing monitors. A viewing monitor is located adjacent to
the monoscope and a common high-voltage power supply is used for the
monoscope tube and the picture tube in the viewing monitor. A standard
synchronizing generator is used with this camera chain and supplies the
synchronizing signals and blahking signals required for correct operation
of the circuits.

The circuits employed in this monoscope camera are typical of those
smployed in other monoscope cameras, and if the operation of this circuit
is well understood no difficulty will be encountered in understanding
the operation of other monoscope camera chains. The monoscope camera
chain explained in this assignment is used constantly at our laboratory
for checking the operation of television receivers.

The Monoscope Tube

Before taking up the circuits associated with the monoscope camera,
it will be of value to explain the working principles of the monoscope
tube. A photograph of the monoscope tube is shown in Figure 3. Although
this tube does not resemble the Iconoscope in appearance, it is very
similar in internal construction with the exception of the signal gener-
ating plate., In place of the mosaic of the Iconoscope, the monoscope
uses a signal generating plate consisting of a thin sheet of aluminum
upon which has been printed the scene to be televised., The nature
of this scene is shown in Figure 1.

The scene to be reproduced is printed on the aluminum plate by
means of ordinary printer's ink. In the heating process that accompanies
the manufacturing of the tube the ink is reduced to pure carbon. Thus
as the electron beam scans the surface of the signal plate, there must
be some difference in carbon and aluminum if a signal is to be generated.
The fact is that secondary electrons are emitted as the electron beam
scans the surface of the signal plate and, furthermore, the secondary
emission ratios for carbon and aluminum are different. The secondary
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omission ratio of aluminum is approximately 7:1 and that for carbon
3:1. This means that for every incident electron bombarding the signal
plate, 7 secondary electrons will be released when scanning the aluminum
surface and, similarly, when scanning the carbon surface 3 secondary
electrons are released for each incident electron.

It would be of value at this time to go back and review the operation
of the Iconoscope in connection with the generation of a signal, since
the operation of a monoscope is identical to that of the Iconoscope with
the exception of the method in which secondary emission is made proport-
jonal to the scene to be televised. For example, in the Iconoscope the
secondary emission ratio as the scanning beam passes a black area on
the mosiac is different from that of highly illuminated areas. In the
case of the monoscope the same condition is set up by means of the
difference in secondary emission ratios of aluminum and carbon. Thus,
it will not be necessary to go into a detailed explanation of the mono-
scope camera tube if it is accepted that the operation depends upon
differences in secondary emission over various portions of the scanned
surface. The electrons produced by secondary emission are collected
by the grounded inner coating of the monoscope tube and provides the
signal current.

The electron gun employed in the monoscope tube is quite similar
to the electron gun in the Iconoscope and should require no detailed
explanation., Since illumination of the target is not required, the
electron gun in the monoscope is mounted perpendicular to the surface
of the signal plate as may be noted by observing Figure 3. It wald
be recalled that in the Iconoscope such construction was not possible
since an electron gun so arranged would obstruct the light image.

To obtain a better picture of the internal construction of the
monoscope refer to Figure 4. Inspection of this diagram will show
that the components within the monoscope are very similar to the Icono-
scope. In this respect the element connected to pin 2 is the accelerating
anode, the element marked (Ga) the high-voltage anode, the element
connected to pin 3 the focus anode, the element connected to pin 4
the control grid, and the element connected to pin 5 the cathode. The
intensity is controlled by R7 which varies the bias voltage applied
between the control grid and cathode. Electrostatic focusing is employed
and the correct focus voltage is obtained by focusing adjustment Ryq.

The output signal from the monoscope is developed across R15 and
applied to the input of the cathode follower V3. From the output of
the cathode follower the signal is fed to a video amplifier located
a distance of several feet from the monoscope output terminal. This
necessitates the use of the cathode follower in order to match the
impedance of the transmission line. The high-frequency response of the
circuit shown in Figure 4 is rather poor. This condition arises from
the high value of input resistance Rjs of the cathode follower. This
resistor is shunted by the output capacity of the monoscope tube plus
the input capacity of Vg; an arrangement which, as explained previously,
has the effect of reducing the high-frequency response. However, the

Assignment 98 Page 3



use of the large value of resistance has an advantage with respect to
signal-to-noise ratio and is therefore employed. It will be recalled
that a similar arrangement is employed in the Iconoscope camera circuite.
Also as in the Iconoscope camera chain, a "high-peaker" circuit is
employed in the video amplifier which produces uniform frequency response
and time delay when the over-all video amplifier characteristic is
considered.

The schematic dlagram of Figure 4 also includes the blanking ampli-
fier stage consisting of Vy and the associated components. This stage
functions as an ordinary amplifier with some degeneration present. The
blanking pulses are developed in the synchronizing generator and are
applied to Jj, the blanking input. At the input of Vy the blanking
pulses are negative and therefore will be positive going in the plate
circuit of Vy. This means that the blanking pulses must be applied
to the cathode circuit, rather than the grid circuit, if blanking of
the return trace of the monoscope is to take place. Unless this return
trace is blanked, it will be found that good pattern reproduction from
the monoscope is impossible.

Monoscope Power Supply

The schematic diagram of the power supply for the monoscope is
Shown in Figure 5. Transformer T supplies the high voltage which
is rectified in a half-wave circuit by the 2X2 tube Vj. Capacitors
C; and Cp together with resistors Ry, R2, R3, and Rg function as a
pi-type filter to produce the d-c output. The output of this power
supply connects to the point marked (from the regulated high-voltage
supply) in Figure 4. This power supply also feeds high voltage to
a viewing monitor which shows the pattern produced by the monoscope
camera. Regulation of the hlgh—voltage d-c¢ output is accomplished by
connecting a number of VR tubes in series. The resistors Ry, Ry, Rg,
and R4 also serve as the series resistance for the regulator tubes.

A point of confusion that is likely to arise in comparing Figure
4 and Figure 5 comes about in showing voltage divider components in
both drawings, For example, Ry, Rg, R9, R10, R11, Ri2, R13, and Rja
of Figure 4 are the same components as are shown for the same numbers
in Figure 5. This was done to make it possible for the Associate to
analyze the circuit more readily.

It will be noted in Figure 4 that the cathode of the monoscope tube
is connected to the heater. Consequently the heater is at a negative
potential of approximately 1200 volts. .For this reason, a special trans-
former Ty must be provided in the power supply for supplying the filament
voltage for this tube. This transformer must be insulated sufficiently
to withstand a potential difference of at least 1200 volts between
the primary and secondary winding and between the secondary winding
and core,

Monoscope Deflection Circuit

Scanning of the signal plate in the monoscope is accomplished by
means of magnetic deflection. The horizontal and vertical deflecting
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coils forming the deflection yoke are mounted around the neck of the
tube in an arrangement quite similar to that employed in magnetic de-
flection arrangements for the Iconoscope or magnetic picture tubes.
A schematic diagram of the deflection circuits for the monoscope camera
is shown in Figure 6. Inspection of the schematic diagram will show that
transformer Ty is the vertical output transformer coupling the vertical
scanning signal to the vertical deflection coil and transformer Ta
performs a similar operation in the horizontal circuit.

Vertical and horizontal synchronizing pulses are fed to independent
inputs (Jl and J2) as shown in Figure 6. This arrangement eliminates the
need of the sync separation circuit which would be required if the two
sync signals were combined before application to the deflection circuits,
Stages Vy and Vg of Figure 6 function as buffer stages and are used to
prevent the blocking oscillators from feeding signal8 back into the
synchronizing generator,

In the plate circuits of V, and V, the synchronizing pulses are
present and from here fed to the blocking oscillators where they are
used for synchronizing purposes. For example, the output of V; is devel-
oped across Ry which is part of the grid circuit of the vertical blocking
oscillator. Thus the synchronizing pulses are injected into the grid
circuit of the blocking oscillator. Tube Vg is a dual purpose triode with
one section employed as a blocking oscillator and the other section
as the discharge tube, or saw-tooth generator. As indicated in the
figure, the grid of the blocking oscillator section of Vo is directly
connected to the grid of the sectjon of V2 functioning as a saw-tooth
generator. Since a high-negative bias is present on the blocking osc=-
illator section when this tube is not conducting, it follows that the
sams value of bias will be applied to the saw-tooth generator section,
This holds the saw-tooth generator section at below cutoff and allows
a saw-tooth voltage to be developed across Cee When the blocking osc-
illator fires, capacitor Cg discharges since the bias on the saw-tooth
generator section of Vy drops to a low value permitting plate current
to flow,

As explained in previous assignments, when magnetic deflection is
employed, it is necessary to have a saw-tooth waveform of current pass
through the deflection coils. To obtain the saw-tooth of current a
trapezoidal waveform of voltage is required. The rectangular component
of the waveform is used to produce a linear saw-tooth of current through
the inductive component of the deflecting coils and the saw-tooth causes
a2 linear saw-tooth of current to. flow through the resistive component
of the deflection coils. In the vertical discharge tube circuit of
Figure 6 the resistor Ri] connected with the saw-tooth generating capac-
itor Cg causes the trapezoidal waveform to be developed across the
combination.

The output of the saw-tooth generator is developed across Ryo and
provides excitation voltage for the vertical output stage V3, This
stage should require no explanation since it is of conventional con-
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struction. By adjusting Rys in the cathode circuit the desired vertical
linearity is obtained.

The horizontal blocking oscillator and horizontal saw-tooth generator
are identical to the similar circuits of the vertical circuit, except
for the size of the components, and should, therefore require no further
explanation. One minor point of difference will be noted in the saw-tooth
generator circuit. The resistor connected in series with the saw-tooth
generating capacitor for the purpose of producing the rectangular compon=-
ent of the output waveform is variable in this circuit, whereas in the
vertical circuit it is a fixed resistor. In the horizontal cireuit; it
was found necessary to vary the rectangular component with respect to
the amplitude of the saw-tooth component of the waveform applied to
the input of the horizontal output stage in order to obtain proper
linearity.

The amplitude of the horizontal sweep voltage is changed by changing
the screen voltage applied to the horizontal output tube Vge The control
which varies the screen voltage is Rgg of Figure 6 and is labelled
"Horizontal Drive". The horizontal sweep signal is coupled from the
horizontal cutput to the horizontal deflection coil by transformer
Tge A damping circuit must be employed to eliminate the undesired effects
of oscillation which will occur at this point and the triode damping
circuit employing the 6AS7 tube Vy is used. The operation of the triode
damper has been explained previously and this explanation should be
referred to at this time as a review. There is one thing in this circuit
which is rather unusual; that is the fact that three horizontal linearity
controls R35, R3g, and Ry7 are employed. As mentioned at the first of
the assignment the monoscope camera is designed to produce a standard
test signal and, to obtain as near perfect linearity over the entire
scene as possible, the three horizontal linearity controls are incor-
porated in the damper circuit. Kach of these controls affects the
over-all horizontal linearity to some extent, but affects the horizontal
linearity at certain portions of the trace to a greater extent.

The Main Video Amplifier

Although the output of the monoscope tube is considerably greater
than that of the Iconoscope, nevertheless, a considerable amount of
video amplification is required. This is the purpose of the video
amplifier shown in the schematic diagram of Figure 7. Before going
into the video amplifier circuits, it will be of interest to consider
the heater power applied to Vi and V2. These tubes are supplied with
d-c power through the bridge rectifier circuit shown in Figure 7. Copper
oxide rectifiers are employed and filtering of the rectified voltage
is provided by Cg3j.

It is necessary to use a d-c heater supply on the first two ampli-
fiers in order to eliminate amplification of hum from the 60 cycle
power line. The remaining stages of amplification did not require d-c
heater power since the over-all amplification of the 60 cycle power
line frequency beginning in a later stage is not sufficient to override
signal level,
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The cathode follower V3 in Figure 4 is used to feed the video output
signal from the monoscope to the input of Vj of Figure 7 by means of
a length of transmission line. It should be observed that the resistor
Ry of the input circuit of Vj has a value of only 47 ohms. This low
value of resistance is necessary to properly terminate the transmission
line connecting the cathode follower to the first video amplifier. It
may occur to the Associate that the low value of resistance Ry will
place too low a bias on the cathode follower since Ry is effectively
in parallel with Rjy of Figure 4. The cathode follower operates at a
low enough screen and plate voltage, however, so that the reduced bias
will not cause excessive power dissipation with the tube.

Inspection of the plate circuits of the video amplifier stages
in Figure 7 should show that shunt peaking is employed. Thus with
reference to the first stage, L is the peaking coil and R3g is the
plate load resistor. Components such as C4 and Rg associated with
the plate circuit of the first videg amplifier are decoupling networks
and are used to stablize the video amplifier. Other components used
for stabilization are the 100 ohm resistors, such as resistor Ry, between
the first and second video amplifiers, More stable performance is
obtained if these resistors are used.

The problem of amplifier stability is much more difficult with
an amplifier, such as shown in Figure 7, where six stages of amplification
are provided than in a circuit where two or three stages of video ampli-
fication are employed, as for example, in television receivers. Some
of the factors that must be considered in designing' a multiple stage
video amplifier are as follows:

1, The distance from the plate of one tube to the grid of the
next tube must be kept at a minimum. This is done to avoid unnecessary
radiation,

2. Mount the coupling capacitor and plate load resistor of each
stage in such a manner that stray capacity will be minimum. This is
done, of course, to reduce the shunt capacity of the video amplifier.

3. The peaking coils of each stage should be mounted in a shield
can with the location of each coil as near the plate terminal of,the
associated tube as possible. Unless this is done magnetic coupling
between peaking coils can cause oscillation to take place.

4, The screen grid bypass capacitor should be mounted as near
to the screen grid of the respective tubes as possible. Furthermore,
the leads extending from these capacitors should be placed as close
to the chassis as possible. This is also done to prevent undesired
coupling between stages.

5. A plate decoupling network is usually required for each video
amplifier stage. This decoupling network should be physically located
near the particular tube with which it is associated.

6. In some cases it is necessary to bypass the."high" side of
each heater lead with a capacitor placed as close as possible to the
heater terminal of the tube it effects. This precaution is taken to
prevent coupling of energy from one video stage to another by way of
the heater circuits.
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7. Small values of resistance should be placed in series with the
grid input signal of the various stages, as for example, Ry of Figure
7. This inserts a bias in the grid circuit which must be overcome
before oscillation can occur,

The preceding outline should suggest some of the difficulties of
building a multiple stage video amplifier in comparison to one where
only a few stages of amplification are employed,

The next factor to consider in Figure 7 is the coupling network
congisting of Ryg, Cg, and R13. This network is the high-peaking network,
or as it is sometimes called, an R-C peaking network. The function of
this high peaker is the same as the high peaker considered in the Icono-
scope camera circuit, Its purpose is to attenuate low frequencies and
permit the higher frequency components to pass with little or no atten-
uation, This condition of operation is brought about largely by the
capacitor Cg shunting Rjg2.

At the lower video frequencies Cg has a very high reactance and
its effect upon the circuit operation may be neglected. Thus the input
voltage appearing across Rj3 depends upon the ratio of resistance of
R13 and Rys. At the higher frequencies the reactance of Cg becomes
quite low and the voltage developed across R13 increases correspondingly.
Thus if the frequencies applied to the input of the first video amplifier
stage were uniform in amplitude, the response characteristics of the
amplifier would show a falling off at the low frequencies, However,
it was mentioned in connection with the .monoscope tube that the shunt
capacity of the monoscope causes the higher frequencies to be attenuated.
Thus the over-all response of the video anmplifier can be made uniform
by adjusting the capacity of Cg.

A factor of even more importance in connection with the network
between Vg and V3 of Figure 7 is its phase compensating properties,
The effect of phase distortion is much more noticeable to the observer
than the effect of poor frequency response and therefore the phase
characteristics of a video amplifier are of greater importance, The
reason for this can be understood by considering the effects of phase
distortion and nonuniform frequency response, Phase distortion causes
an apparent smearing of the reproduced scens. This condition arises
from the streaking produced by phase distortion, In the case of non-
uniform frequency response the definition of the picture is affected,
This condition compares to trying to read a newspaper at a distance
too far away from the viewer. In such a case no annoying effect would
be produced upon the observer since he would not be able to read the
paper at this distance. However, in the case of phase distortion a
comparative condition would be to cause the print to smear on the paper
being read., In this case the observer would be in viewing distance
so that he could distinguish the words of the paper and the smeared
effect would make reading of the material very annoying.

By adjusting the capacity of Cg the phase error produced by the shunt
capacity of the monoscope can be counteracted,
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The combined blanking signal, consisting of the vertical and hori-
zontal signals, is applied to the input of the circuit of Figure 7 at
jack J3 and developed across Ryse At this point the blanking signals have
negative going polarity. Stage Vg amplifies the blanking signal and
serves to invert the polarity of the signal., 1In addition this stage
provides additional isolation between the blanking generator and the video
amplifier stages., The blanking amplitude control Rgg is used to control
the magnitude of the blanking pulses applied to the grid circuit of the
mixer stage Vg. Inspection of Figure 7 will show that stages Vg and V3
have common plate loads, (R16 and L3). This arrangement is employed to
mix the blanking signals from Vg with the picture information from Vg.
Thus it should be evident that the input signal to V4 contains both the
picture information and the blanking signals,

In order to control the amplification of the video amplifier the
bias applied to Vs and Vg is made variable by changing the setting of Rgge
The individual bypass capacitors shown are necessary since a minimum bias
is developed across Rgg and Rgg; consequently, these resistors could not
be bypassed by a single capacitor,

The output of the final video amplifier stage Vg is coupled to the
input of the cathode follower Vg, This cathode follower is of conven-
tional construction and is used to feed the output of the video amplifier
to the distribution amplifier, With only the components shown in Figure
7, it should be evident that the cathode follower stage Vg could not
function since its cathode circuit is open., The remaining portion of the
cathode circuit is found on the distribution amplifier chassis. This is
done in order to properly terminate the transmission line running between
the main video amplifier and the distribution amplifier. The 200 ohm re-
sistor Ryg of Figure 7 is used to provide the correct bias for the cathode
follower. Without this resistor the bias applied to the cathode follower
stage would be of too low a value and excessive d-c plate current would
result. It will probably occur to the Associate that 2 considerable
signal voltage will be wasted since Ryp does not have a bypass capacitor
across it. This is true, but since sufficient signal level was obtained
without the bypass capacitor none was provided, However, in the event
14 would become necessary to increase the level of the output signal from
the cathode follower, then Ryg would have to be bypassed with a capacitor
of sufficient size,

The Distribution Amplifier

A block diagram of the distribution amplifier is shown in Figure 8.
The purpose of this amplifier is to distribute the signal to the various
devices. The circuits which are normally fed by the distribution ampli-
fier will be determined largely by the type of installation with which the
monoscope camera is being used., Almost without exception, one of the
outputs of the distribution amplifier is used to feed a viewing monitor.
Such a circuit will be taken up in this assignment. Other outputs would
normally be used to feed other devices, as for example, in a broadcast
station using the monoscope camera to generate the test pattern, one of
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