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THE FOCUS PANEL

The Focus Panel is a unit whose function is to supply and control all
voltages and current associated with the gun in an emitron. Each camera
therefore has one Focus Panel associated with it, and located on the vision
racks.

The gun in the emitron camera contains four electrodes : the cathode,
the grid, the first anode and the second anode. The cathode is indirectly
heated from A.C. at 4V, at 1.1, 1.2, or 1.3 amperes, depending upon the
particular type of emitron which is being used. The grid is given a bias of
about — 25V, with to the cathode, and in addition is lied with

PP

first place, it is essential that should there be a failure of the scanning, the
beam current should immediately be switched off, as the continued incidence
of a stationary electron beam on the mosaic would damage the latter by
“ burning "' it. A spot on the mosaic which has been burnt in this way appears
as a black spot in the transmitted picture. To prevent this, the D.C. supplies
to the valve in the Focus Panel are automatically cut when the scanning
current flowing down the emitron cable is interrupted. The coil of the relay C
(Fig. 2, page 5) is energised by the D.C. anode current of the valve ¥, in the
Keymtone Output Panel (Item 4.2, page 5). This anode current is entirely

what is known as a black-out pulse, the function of which is to supp
entirely the emission of the gun during the line and frame return times.

It is an essential condition for the correct operation of the emitron that
no element of the mosaic should be bombarded by the beam from the gun
between the time it is normally scanned and the time in which the scanning
beam comes round to it once again. Naturally, in the ordinary course of
scanning the beam returns from one side of the mosaic to the other between
lines, and traces a zig-zag path up the mosaic during the frame return time.
If the beam were not suppressed those elements which fall on the return path
of the gun beam would be bombarded and discharged additionally to the
normal bombardment applied during the normal scan, and their potentials
would differ from those which had not been so bombarded. This would,
of course, result in the paths of the line and frame return strokes being seen
in the transmitted picture. The black-out pulse, therefore, is applied to the
emitron grid in such a sense that it renders the latter strongly negative with
respect to the cathode during the period of the line and frame return strokes,
thus cutting off the beam. It is the function of the valve V in the circuit
diagram (p. 5) to receive the black-out pulses, which have been separately
generated in the black-out pulse generator. and pass them to the emitron grid.

The first and second d a 1 electrostatic focusing
system, taking the form of a positive lens which focuses the gun beam to a
small spot on the mosaic. The sharpness of focus depends upon the ratio
of the first and second anode potentials, and in practice this ratio should be
approximately 2:5, the first anode having a potential of appr 1
600 V, positive to the cathode, and the second anode some 1,500 V positive
to the cathode. In view of the fact that the second anode forms a screen
around the greater part of the path of the beam it must be earthed, so that
the actual p ials of the el des are as follows: the second anode,

zcthe first anode, — 900 V ; the cathode, — 1,475V, and the grid at
‘uﬂbsﬁhﬂ

— 1,600 V. The necessary adjustment of all these voltages and
currents is performed from the Focus Panel.

We can now ider the detailed arr t of this unit. In the

B

dent upon g current and ceases when the latter is interrupted.
Assummg, therefore, thnt sufficient scanning current is flowing, D.C. from the
Keystone Output Panel enters the Focus Panel by the terminals AB and
operates the relay C, closing the contacts D and E. The contacts D operate
the green lamp mounted on the Focus Panel from 12 volts supplied by the
transformer TRI, thus indicating that the scanning is in order. The contacts
E supply 110 volts from the Control Room supply to the push-button contac-
tor. This contactor is of a type standard throughout the system, and has
an On button coloured black and an Off button coloured red. Depression
of the On button energises the contactor coil, and an iron link attached to
the button is simultaneously depressed on to the pole pieces, thus completing
the magretic circuit of the contactor, and the button accordingly remains
depressed. The Off button simply breaks the energising circuit, thus causing
the contactor to fall out and the On button to fly up under the influence of a
spring. This type of contactor really does no more than a multi-contact
switch, except that it falls out if the control supply is broken, and does not
make again if the control circuit is reapplied. Thus, these contactors may
be used to build up a system of interlocks.
Assuming, therefore, that the relay C has closed contacts E, the push-
button contactor may now be made by hand, thus closing the contacts
F,G, HandI. The circuit, Cy R, forms a spark quencher for the contach E
The circuit C, R, performs the same f for the operati
the push-button contactor. The voltage developed across the onW
coil is also applied via the resistance Ry to a relay in the H Tplm he
appropriate Head Amplifier, which operates, and that amplifier is accordingly
energised. The contacts @, H and I make the supplies to the first anode,
cathode and grid respectively. It will be seen that should the scanning current
fail due to any cause, including the uncoupling of a cable without having
previously switched off, the relay C will open, thus allowing the push-button
to fall out and d g all the emi electrodes except the second
anode, Which is earthed, nnd the heater which can safely remain on.
These electrode supplies are derived from a separate .ectifier contained
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in the Camera H.T. Unit, the output of which arrives at the Focus Panel
by the terminals JK, across which are ted the p iometer formed
by the resistances Ry, Ry, Ry, Ry, Ry, Ry and R,,. The first anode potential
of — 900V is found on the resistance R4, which is made in the form of a
potentiometer manually adjustable from the front of the panel. This adjust-
ment varies the first anode pontential, and hence the ratio of the first and
second anode potentials upon which the focal length of the equivalent
positive lens d ds. This p i therefore enables the scanning
spot to be finely focused upon the mosaic, and it is accordingly designated
Focus.

As already stated, the second anode is earthed, but as will be seen from
the diagram, the connection to earth is made via the mirror galvanometer M,
which enables the beam current to be read. Each division on this instrument
corresponds to 1/100th of a micro-ampere. In order to prevent possible
damage to this delicate instrument, it is normally held short-circuited by
the button N, which must be depressed in order to take a reading. In
connection with this meter a control knob i is provided dmgnated Zero ADJ.,
which sets the zero by effecting a h 1 adj t of the mirror, that
throws the spot of light from the galvanometer on to the screen.

A cathode potential of — 1,475 V is found on the resistance Ry, and the
grid potential of — 1,500 V is found on the terminal K to which the grid is

ted via the tact I of the push-button contactor and the anode

circuit of the valve V. The grid bias, or the negative potential between the
grid and the cathode must be variable, as by this means control of the beam
current, which must be set to a certain figure, is obtained. Grid bias varia-
tion is obtained by means of the potentiometers R, and R,, of which the

former gives coarse adj and is d d Coarse Bias, and the
latter a fine control, and is correspondingly designated Fine Bias. The
Ry op by varying the positive p ial of the cathod

1t will be seen from the circuit diagram that the connection from the
terminal K to the grid of the emitron includes the anode circuit of the valve V.
Any potentials which may be developed across this anode circuit will also
be impressed on the emitron grid in series with the grid bias. It is arranged
that the black-out pulses, the function of which has already been described,
are developed in this anode circuit in the negative sense and of sufficient
amplitude as to extinguish the beam current during the periods of their
application. In order that the anode circuit may contain negative black-out

P P P - Figure 1. Line and Frame
" ” | -L Black-out Pulses

pulses, positive black-out pulses which have been given an appropriate degree
of delay in the Camera Delay Unit are applied to the grid of V. The wave-
form of these pulses is illustrated in Fig. 1, which shows as an example two
line black-out pulses followed by a frame black-out pulse. The duration of
these line and frame pulses is just sufficient to cover the line and frame
return times of the emitron scanning beam. For the moment let us consider
that the elements forming the anode circuit of V (Fig. 2), comprising Ry, R,,
R,, Cy TR, are collectively equivalent to a pure resistance. Then during
the peaks of the pulses, shown at P in Fig. 1, the valve V will pass anode
current and there will be a drop of potential across the equivalent anode
resistance of ¥, which will, for the duration of the pulse, greatly increase the
grid bias applied to the emitron grid, and the beam will be extinguished.
The detailed action of the circuit associated with the valve V is as follows.
An H.T. supply at 250 V and derived from a separate rectifier, also

vnth respect to the relntlvely negative and fixed potential of the grid, and R,,
makes a very slight adjustment to the current flowing through the complete
potentiometer R, to R,,, and so exercises a fine control upon the grid to

thod. tential. The potenti R, and R, obviously affect the
relative powntlals not only of the grid and cathode, but of the first and
second anodes, but their influence on the potentials of the two latter electrodes
is entirely negligible.

The condenser Cy removes any ripple or vision frequency components
from the first anode potential, and the c C, performs a similar
function for the grid-cathode potential. It is convenient to be able to read
the value of the first anode-cathode voltage, and this is done by means
of the 0—2560 micro-ammeter, M,, which in combination with the series
resistance R,, reads 0—1,000 V. It will be seen that in practice the
meter is connected so as to read the first anode-grid voltage, which is approxi-
mately the same as the first anode-cathode voltage.

located in the Camera H.T. Unit, is applied b the Is K and L.
The anode of V is connected via the external anode impedance R,, R,
R,, TR, C, to the positive side of this supply, terminal K, while the cathode
of V is returned to the negative side, terminal L, via the decoupling circuit
R,y and C4. This decoupling circuit is quite standard except that it is
included in the negative side of the supply instead of the positive side.
Positive black-out pulses derived from the Camera Delay Unit are applied
to the control grid of ¥ via the input condenser Cy, and the grid leak R,y
is returned to a point on the potentiometer Ry, R,y connected across the
250 V. H.T. supply, at which point there is a potential of approximately
+ 80 V. There is therefore no negative bias on ¥, but rather a positive bias
of 80 V. Restoration of D.C. is therefore strongly enoouraged and the tips P
of the pulses will coincide with a grid-cathod lon V¥ of approximately
0V, but the troughs of the pulses will make the control grid of V sufficiently
negative as to cut off the anode current. The principle of D.C. restoration
is used here, as in many cases, because since we are dealing with a square
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pulse there is no need to adopt straightforward linear methods of amplification
to achieve the desired result. We desire the tips P of the pulses to make V
draw a considerable anode current, and we also desire the troughs to extin-
guish the anode current ; the location of the pulses on the operating charac-
teristic of the control grid of V in order to bring about this state of affairs
is automatically effected by allowing the valve to restore D.C. to the incoming
pulses. The connection of R,; to a potential of 480 V is of no great signifi-
cance, and the circuit would look more orthodox if it were returned, as it
might well be, to the cathode of V' ; but since the restoration of D.C. demands
that the grid shall attempt to draw grid current during the tips P of the
pulses, such grid current will obviously be enhanced by returning the grid
leak R,; to a source of positive bias. Since the impedance of any grid-
cathode circuit always drops to a very low value when the grid is made
positive with respect to the cathode, the i of the grid-cathode path
of the valve ¥ will be so low compared with the value of R during the
tips P of the pulses, that the grid will only be positive with respect to its
cathode by +1V or so, and not by 480V, the potential to which R,y is
returned.

The valve V is accordingly shut off during normal scanning times and
opened, so as to pass anode current, during the return times; hence its
anode circuit contains negative black-out pulses of large amplitude.

We may now c the function of the el Ryy Ryg, Ry, Cy
and TR,, which constitute the complex anode circuit of the valve V. The
black-out pulses must be transmitted to the emitron via the black-out line
in the emitron cable, which may have a length of anything up to 1,000 feet.
As usual, unless the transmission of these pulses is ied out under matched
impedance conditions, they will not proceed smoothly from the Focus Panel
to the emitron, but will be reflected backwards and forwards a number of
times along the cable. The pulse will therefore not cease at the end of its
preurlbed duration, but will be followed by a series of further pulses each
of vely red plitude owing, of course, to loss of energy at each
reflection. It has been found that the time over which this succession of
subsidiary pulses can last will extend beyond the duration of the suppression
pulses, particularly in the case of the line suppression pulse. Therefore,
during the first part of the line scan, the scanning beam, which should be of
constant intensity, will be modulated by the last few subsidiary pulses.
In these circumstances there may be observed on the screen, as would be
expected, a series of vertical black and white lines, which decrease in intensity
from left to right and disappear altogether about a quarter of the way across
the picture when the reflected subsidiary pulses have lost so much amplitud

the voltage of the pulses available, and it is found that the prolongation of
the black-out pulses by reflection can be ided if the sending, or Focus
Panel, end is termi 1 with r ble y. The char isti

impedance of the cable is 165 ohms, and it might be thought that it would
be sufficient to include a simple resistance of 165 ohms in the anode circuit
of the valve ¥ and connect the cable across this. Unfortunately, however,
thc 1mpeda.nce presented to the anode circuit of V, being only 165 ohms,
is i ient to develop an adeq amplitude of black-out pulses, and it
is necessary to seek a means of increasing the voltage which can be applied
to the cable, while still keeping the cable properly termi d. This fi

is carried out by the elements R,,, R,y, Ry, €y and TR,. Instead of a pure
resistance of 165 ohms, a resistance, R,,, of approximately 4 times this
value, is placed in the anode circuit, and since the valve V, is a pentode,
the black-out amplitude across R,, will be 4 times the amplitude which
would be obtained were it only 165 ohms. Across R,, is connected the
transformer 7'R,, which has a turns ratio of 2:1.  Theimpedance transforma-
tion ratio of this transformer will be 2%: 1, 0r4: 1, and the impedance presente:

650
to the line will be 1

ohms = 162 ohms which terminates the cable with

reasonable accuracy. The voltage ratio of the transformer will be the same
as its turns ratio, viz. 2: 1, so that although it transforms down the impedance
of Ry, by 4 times, it will transform down the voltage across R,, by only
twice. Since the available voltage across R,, is 4 times that available were
it given a value of 165 ohms, the arrangement will provide a net gain of
twice the black-out amplitude, while keeping the cable terminated.

The former T'R, is unfor ly not adeq ly efficient over the
whole of the frequency range of the black-out pulses, which, including both
frame and line components, extends from 50 to some 300,000 c/s, and in
order to avoid self capacity, which would be detrimental to the upper
frequencies, it cannot be given an ind which will adeq ly preserve
the lower freq i The ind of the former therefore shunts
R,, at the lower frequencies, and an inadequate output is obtained. This
is corrected by the insertion of R,, which has a value approximately Lalf
of that of R,,; at low freq ies we may neglect the presence of R,, and
of the transformer T'R,, and consider that the black-out line is connected
to the lower end of R,y at which there will exist an output equal to that
normally supplied to the line at high frequencies by R,, and TR,. The
voltage output developed across R, is, of course, half that developed across
R,,, but since this output is not being divided by 2 by the action of the

that they cease to be effective.

To avoid this, the black-out line must be operated under matched
impedance conditions. It is not desirable to terminate it in its own charac-
teristic impedance at the receiving, or emitron, end since this would halve

mer TR,, as in the case at the upper frequencies, the output actually
supplied to the line will be unchanged. Clearly, R;; must be eliminated
at the upper freq i This is eff 1 by shunting it with C,. In order
that the transition between the transmission of the upper and lower fre-
quencies may be correct, the value of Cy is so chosen that the time constant
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Cy Ry, is equal to the time constant of the inductance of the transformer
in conjunction with R,,. A small resistance R, is inserted to compensate
for the effect of the resistance of the transformer winding. Obviously, at
low freq ies the imped. in which the cable is terminated is 330 ohms,
i.e., the value of the resistance R, but as usual the maintenance of an exact
termination is not important at the low frequency end of the range.

The 4 V A.C. supply to the emitron heater is provided by the transformer
TR,, and the cathode is returned as usual to the electrical centre of the
secondary by means of the potentiometer R,,, which is designated Hum Adj.

It is y to maintain at a t value the heater current of
the emitron, no matter what length of cable is being used between it and
the Control Room. As A.C. is employed, it is not necessary to adjust the
current by means of a rheostat, but this adjustment can be maintained
automatically by the use of what is known as a Boucherot constant current
network. This is formed essentially by the transformer TRy and one or
other of the capacities C'y, Cy or Cy,. Without going into mathematical
details, the principle is roughly as follows. If we imagine that the secondary
of the transformer 7R, is short-circuited, the effective inductance of the
primary will be less than if the secondary is open circnited because current
induced in the short-circuited secondary will create fields in opposition to
those of the primary. The open and short circuit cases are extremes, and
the effective inductance of the primary will in fact vary with the resistance
placed across the dary. The of the emitron heater via
various lengths of cable across the secondary is, of course, in effect the
connection of various values of resistance across the secondary, and the
effective primary inductance consequently varies. As the length of emitron
cable used increases, the current in the heater which must be maintained
constant decreases, and the effective inductance of the primary increases.
Accordingly a condenser (Cy, Cy or C,,) is inserted of such a value that when
the effective inductance of the primary increases, the series circuit formed
by this effective inductance and the condenser tend to approach resonance
with the frequency of the mains ; thus more current flows from the mains
into the transformer and in turn into the @mitron heater. For short lengths
of cable the resistance placed across the transformer secondary is reduced
and the emitron current tends to rise, but the effective primary inductance
is reduced and the resonant frequency of this and the condenser move away
from 50 «¢/s, thus cutting down the current. In this way exact and
automatic compensation can be secured. The three values of capacity
provided enable the current to be fixed at 1.1, 1.2 or 1.3 amperes.

It may be required to use with the Focus Panel an alternative type of
emitron which is provided with a magnetic f ing system additional to

fed down a line in the emitron cable from terminal W in the Focus Panel.
It is convenient to switch this supply by means of the remaining contacts QF
on the push button contactor. The elements €, and R,y form a spark
quenching circuit for these contacts.

The emitron heater is switched on by the switch S.

Operation

The method of operation of the Focus Panel in conjunction with a long
gun tube is as follows.

The Focus Panel controls are in general the last to be operated in the
series of operations iled in obtaining a pi on the sy . The
remainder of the system, therefore, is switched on first ; at the same time
the emitron heater may be warmed up for a minute by closing the switch S
on the Focus Panel.

In order to prevent possible underscan of the mosaic when the beam is
switched on, the operator should at this stage assure himself that the width
and height of the appropriate Keystone Output Unit are set to maximum.
If everything is in order adequate scanning current will be delivered from
the Keystone Output Unit and the relay (' in the Focus Panel will operate.
This will cause the green lamp to light up indicating that it is safe to apply
beam current. At the same time the galvanometer lamp, which is fed in
parallel with the green lamp, will light.

The main H.T. push button contactor on the fish plate having been
closed, the push button contactor on the Focus Panel may also be closed.
Assuming that the bias controls have not been touched since the previous
tr issi and are theref so set that they permit a normal beam
current to flow, the mosaic will appear as an intense black patch of, in general,
trapezioidal shape surrounded by an i white area. This white area
is the natural signal produced by the emitron when, owing to excessive
scanning amplitude, the beam at the extremities of both scans shoots off
the edge of the mosaic. This signal, being abnormally large, will overload
certain parts of the vision chain, and at certain points an inadvertent restora-
tion of D.C. with reference to the positive peaks of this signal occurs while
all signals of lesser amplitude, such as those from the area of the mosaic
itself, are forced down into the regions of black. This is the cause of the
appearance of the mosaic as a black patch in these circumstances.

The Keystone Output amplitudes will now be restored to normal, where-
upon the picture will appear normally.

The beam current should now be checked. For this purpose the
Coarse and Fine Bias controls should be turned to a maximum, thus

the electrostatic focussing system already considered. The current required
by such a system is derived from the 110 V control voltage supply and is

extinguishing the beam, and the button N should be depressed so as to allow
the galvanometer M, to read. Although there is no beam current, the
meter will give a small indication due to leakage in the cable. This reading

104



FOCUS PANEL
Technical Description
M-E.M.I. System of Television
Item 4.1. August, 1938
(page re-issued January, 1950)

should be taken as zero. The Coarse and Fine Bias controls should now
be adjusted until the reading increases by approximately 8 divisions,
i.e. 0.08 microamperes. This figure will vary for different emitrons, but in
general is correct. Next the Focus control Ry should be varied until the 4 GREEN
beam is as finely focussed as possible, which may be seen by observing the DC IN FROM
sharpness of the picture on the picture monitor. In these circumstances T
the meter M, will read between 500 and 600 V.

+0
The panel is now adjusted for use. 1oV oc

The adjustments provided on the Focus Panel are amongst those from el o .;""""" =8
which assistance may be sought at times when the litions for the tr i
sion of a good picture are somewhat difficult. In particular, the adjustment Jo-
may be varied with the amount of light available on the scene.

When the scene is adequately lit the amount of correction which has
to be introduced by the tilt and bend apparatus is small, the operation of
the gear is generally satisfactory, and the normal beam current of 0.08 micro-
ampere may be employed. If the lighting is reduced, it will be found that
the error in illumination distribution of the emitron, which is normally
corrected by the tilt and bend apparatus, can no longer be completely 3 rocus
compensated for in this way.

The tilt and bend apparatus provides a tilt waveform and a bend wave-
form in both the line and frame directions, because it is found that under
normal circumstances the illumination error of the emitron has the form of
a tilt or bend. With poor lighting, however, the waveform which has to
be corrected is no longer purely a tilt (i.e., a saw-toothed waveform) or a bend,
but is a peculiar waveform with a pronounced uplift at the edges of the
picture. Since the principle of tilt and bend correction consists of injecting
into the picture circuit a waveform precisely the inverse of that causing the
error, it is clearly no longer possible for the tilt and bend apparatus to effect
a remedy, and the picture is considerably spoilt by the flaws which occur
at its edges. It is found that under these circumstances, if the beam current
is reduced below 0.08 microampere by adjustment of the Coarse and Fine
Bias controls, then even with the reduced lighting the waveform of the
emitron illumination error is much nearer to that which can be properly
compensated for by the tilt and bend apparatus, i.e. it has returned by a
considerable extent to the saw-toothed and bend form.

Thus, the judicious adjustment of the beam current can be used to
improve the picture when the lighting is poor. The rule is, if the lighting
is reduced, the beam current must be reduced, and vice versa. Unfortunately,
this process cannot be carried too far, as the sensitivity of the emitron falls
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with a decrease of beam current, and if the latter be reduced too far, then

the gain of the * A’ Amplifier will have to be increased (in order to produce . P
enough modulation) to an extent which will bring up the mush level in the ofar
picture to an undesirable extent. Figure 2. Circuit Diagram
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OUTPUT PANEL

be reduced and the amplitud d on the mosaic of their associated
cameras would be reduced. A dingly, it is idered advisable to
isolate these three grids from the Keystone Generator by means of the cathode

The deflection of the emi beam 'y to produce the g
action is perf: d electromagnetically by means of two pairs of coils mounted
in Appropnato positions mund the neck of the emitron t,ube This method
is ferred to the al ive of el ti g for a ber of

reuom, the chief of which is that m mngneno scanning a certain current

foll V.
The grid of V,, therefore, receives line keystone input from the Keystone
, but not directly ; it is necessary to interpose a delay circuit.

G

amp is q d at a paratively low voltage, but in el
large d ing voltages are "'undnmmpnoneeeuwrw
develop the t ired for magneti 1g than the voltage necessary

for the alternative method The emitron coils m connected to two separate
pairs of cables, forming the quad in the emitron cable, and it is the function
of the keystone output panel one of which is provided for each camera,
to develop the d and apply them to the emitron
cable.

It will be bered that of a particular wave
shape are required in order that the scanned patch on the emitron mosaic
may be rectangular when viewed from the optical axis, although scanned
at an angle by the gun. It is not the function of the Keystone Output Panel
to generate this special waveform ; this has already been done in the Keystone
Generator, which prod Itages of the required waveform. These voltages
are applied to the Keystone Output Panel, which converts them into currents
of similar waveform.

Owing to irregularities in the construction of the emitron, if no precau-
tions are taken, the scanned patch may not be properly centralised on the
mosaic but may be displaced horizontally or vertically. This may be
corrected by passing through the emltron scanning coils a constant D.C.
cumnt which will effect a per I of the ing in the

directi 80 as_to centrali the g These are known as
the shift currents, and it is a further function of the Keystone Output Panel
to apply and regulate these currents.

As will be seen from the circuit diagram (page 5), the panel contains seven
valves, of which V;, V,, V4 and V, are associated with the line scanning,
and Vg, V4 and V, with the frame scanning. V,, V4 and V, are paralleled
and form the output stage which supplies the line scanning current to the
camera. At first sight it would seem sufficient that the input from the
Keystone Delay Unit should be applied directly to the three grids in parallel.
If this were done, however, a serious state of affairs would develop if there
were an accidental interruption of the HT supply to those three valves,
or if the H.T. were off due to the not being required

The general question of delays, as applied to pulses, is treated in a separate
technical note, but it may be stated here that if a camera is being used at
the end of a long length of cable, an appreciable period of time will occur
before the line scanning impulses reach the camera from the sending end,
and the scanning will be late with respect to the ing of any i
at the sending end or any receiver used normally on the transmission. Since
it is impossible to advance the scanning, it is necessary to delay the scanning
of all cameras to a standard ding to that delay which will
be produced by the longest length of emitron cable which the system is
designed to use. Hence, the grid of ¥V, takes its input not from the Keystone
Generator, but from a unit termed the Camera Delay Panel, which in turn
receives the scanning impulses from the Keystone Generator.

It is found that, although the grids of V,, V; and V are isolated from
the Keystone G by the cathode foll V,, if the H.T. is not on,
even the grid of ¥, will form an appreciable load on the Keystone Generator,
and to offset this effect it is accordingly arranged that when the H.T. is
off a negative potential is applied to the grid. To effect this, half the
heater voltage, i.e. that existing between one side of the heater
and earth, is applied to the Westinghouse rectifiers D;, D, and the
condensers C; and C,, all of which form a voltage doubling circuit, and at
the point A there appears an thed rectified potential of about 20 volts
negative with respect to earth. This is thed by the resi R,,
and the condenser Cy, and appears at the point B as a smooth voltage. The
grid resistance R, of V, is returned not to earth, but to the point B and so
picks up this negative voltage in parallel with the line keystone input,
which is applied between the input terminal C and earth. The state of
affairs, therefore, when the H.T. is off is that V, is biased well back by the
negative voltage at B and it cannot load the Keystone Generator. When
the H.T. is applied, a current passes via the high resistance Ry and the further

R,, and imp a positive voltage at the point B which cancels
that due to the rectifiers D,, D,, so that the valve V, is placed at its proper

for in the event of this happening the three control grids would immediately
draw a large grid current which would place a heavy load on the Keystone
Delay Unit. Since this has to supply scanning voltages to all the other
Keystone Output Panels, the amplitude delivered to the other channels would

perating point, and the keystone input takes effect.

V,, being a cathode follower, the anode circuit contains no impedance,
but merely the decoupling components Ry and Cy. The cathode resistance
R is, of course, unshunted, and takes the form of a potentiometer by means
of which the amplitude delivered to the power amplifiers of V,, V4 and V,
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may be regulated. This p i therefore constitutes a control of
the width of the scanned patch on the mosaic. The cathodes of the valves
Vy, Vsand ¥V, contain the unshunted small resistances R, and Rg, which, L R
having a low value, do not cause the valves to function particularly as
cathode followers, but provide a small amount of feed-back which lengthens
the grid characteristic. The correct grid bias in each case is found by
returning the grid resistance R, to the junction of R, and Ry in each case. c

The anode circuit of these valves is somewhat complicated. The power 9
generated in the anodes must be fed to the appropriate pair in the emitron L=C! Rz
cable, whose characteristic impedance is 100 ohms. It should be noted
here that in order to avoid any possibility of reflection down the cable,
which would, of course, modify the frequency characteristic and consequently
the velocity of the scanning, with the consequent introduction of bad posi-

h "

tional distortion, the cable is terminated in its istic impedance

at the camera end and so looks like an infinite line. Its impedance at the
sending end must, of course, be transformed up in order to present a proper
load impedance to the anode circuit of the output valves, and a fairly high 10000
ratio transformer is required. The range of frequencies with which this 1700, E%MF

AAA
VW
A

Figure 1 Figure 2

transformer must deal faithfully is from about 10,000 to 500,000 ¢/s for
good ing, and quently such iderations as self-capacity and
leakage inductance, which must both be kept small, will limit the maximum
ratio obtainable. The particular transformer fitted, TR, in the diagram, Figure 3 Figure 4
has a ratio of 13 : 1. Its secondary feeds the line, and its primary presents
an impedance of 13% x 100, or 17,000 ohms. This transformer has to
have a mu-metal core and D.C. must therefore be held off from its primary.
It is therefore parallel fed by means of the inductance L, and the condenser
C;. Unfortunately L, has a self-capacity, shown dotted in the diagram at
Cy, having a value of 24 uuF. Further, the transformer, although as well
designed as possible, has a leakage inductance of 40 uH all on the secondary
side, and lastly the transformer primary and associated wiring has a self-
capacity of 60 uuF., and these three facts detract from the frequency
characteristic obtained. They are, however, eliminated by designing the
circuit in the form of three constant resistance networks.

Referring to Fig. 1, it will be remembered that if the values of Figure 5 Figure 6
the four components are so chosen that L = CR?, then the impedance
measured across the ends of the circuit will be equal to R at all frequencies.
The same applies in the circuit of Fig. 2. If, therefore, in designing a <ircuit
for television an unwanted capacity is involved, it may be possible to annul
its effect by adding two resistances and an inductance so that the capacity

combines with these three additional elements to form the circuit of either 3
Fig. 1 or Fig. 2, in which case its effect is annulled, as a circuit whose 100 004 Figure 7
impedance is the same at all frequencies can have no effect on a frequency - ;u‘.

characteristic. This principle is applied three times in the anode circuit
of the valves V,, Vyand V,. C,is an un d capacity. By the additi
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of the inductance L, and the resistances R,, and R,,, the capacity is made
to form part of the circuit of Fig. 1, and the impedance across the primary
of TR,, instead of decreasing with frequency, as it would if Ug were present
alone, remains constant at a value of 17,000 ohms, and the frequency
characteristic is unaffected. Since the transformer transforms up the line
impedance of 100 ohms to a value of 17000 ohms, this value is naturally
chosen as the i of the S T circuit which is designed
around Cg in order to secure imped tched diti

The primary of TR, now has effectively across it a resistance of 17,000
ohms at all frequencies, but this is shunted by a capacity produced by the
valve anodes and wiring and a certain amount of self-capacity in the primary
of TR,. The equivalent circuit is shown in Fig. 3. This capacity is again
built out by inclusion in the constant resistance network in order that this
effect may be eliminated. This is, however, done on the secondary side.
By simple calculation the load of 17,000 ohms and the capacity
of 60 upF. becomes on the secondary side 100 ohms and 10,000 uuF. approx.
respectively, as shown in Fig. 4. By applying the rule L = CR? this may be
built out to form a constant impedance by the addition, as shown in Fig. 5,
of an inductance of 100 pH in parallel with a resistance of 100 ohms. In
order to keep the circuit symmetrical these values are halved, and half
inserted in each leg so that in practice two pairs of elements, each consisting
of 50 ohms, in parallel with 50 uH are added, and are shown as Ly, Ly, R,
and R,; in the circuit diagram, and also in Fig. 6.

The elements in Fig. 6 then may be represented as a simple resistance
of 100 ohms across the secondary of the transformer, but we have yet to
correct for the effect of the secondary leakage inductance of 40 uH, shown
in Fig. 7. By the addition of a condenser of 0.004 ppF in series with a resist-
ance of 100 ohms the circuit is made similar to that of Fig. 2, and the effect
of the leakage inductance is cancelled. In the circuit diagram, Fig. 8, p. 4,
these additional elements are shown at C'; and R,,. Thus, finally, the anode
circuit of V,, V4 and V¥, shows a pure resistance of 100 ohms to the line.

The line shift voltage y for centralising the d patch on
the mosaic as regards the horizontal plane is taken from.a 6-volt supply,
and injected across the potentiometer R,,, and may be varied at will by this
potentiometer.

During the lining-up process it is considered advisable to expand the
scanning amplitude both in the line and frame directions. In the line
direction this expansion is achieved by the switch S,, which in the Normal
position sets up the circuit arrangements which have been described above,
but which in the Condition position cuts out half of the secondary winding
Ly, together with the shift voltage, leaving in operation only the other half,
Lg. The ratio of the sformer is thus doubled and the g current

q hi

are upset by this arrangement, the scanning waveform and return time are
both poor, but this, of course, does not matter.

We can now consider the operation of the valve circuits involving
Vs, Ve and V,, which are solely concerned with the frame scanning. For
reasons of design based on securing the correct amplitude, the keystone
generator delivers the frame scanning waveform in push pull and this is
applied to the grids of V; and V¢ which act in push pull. It will be noted
that no delay network is included, as the time of propagation down the cable
is 8o short compared with the frame scanning period that no appreciable
defect is produced by the delay, and no dclay network is necessary.

In the cathode circuits of ¥y and Vg are included unsh 1
Ryg, Ry, Ry, and R,,, which are sufficiently high that we may regard the
valves as acting really as cathode followers, but they are not there for that
purpose. They are there to give these valves very lengthy grid characteristics
and produce considerable negative grid bias. The grid resistances are
returned not to earth, but to the point D on the potentiometer Ry, Ry, R,,
which, as has been described, is provided to generate positive grid bias for
the operation of the complex grid current of V,. Thus, in a similar manner,
the point D provides positive bias which, in conjunction with the automatic
bias of ¥ and Vg, sets their grids at the proper working point when the H.T.
is on, but allows them to become more negative when the H.T. is off, so that
similarly loading of the keystone generator is obviated. The gain of the
valves ¥V and Vg is controlled by a somewhat novel method of volume control
consisting of the variable resistance R,, in series with the limiting resistance
R,y As the valves are operating in push pull, the potentials existing at
any moment on the cathodes of ¥, and V, are in phase opposition, and as
the valves are working as cathode foll s, there is iderable feed-back
to their grids, which is reducing their gain. If the cathodes were short-
circuited their potentials would mutually cancel out, and there would be no
feed-back to their grids. The gain would therefore rise. The connection of the
resistances R,, and R,, provides a means of varying the mutual cancellation of
the p ials on the cathodes and so varies the feed-back to the grids and
therefore the gain of these valves. Clearly, as R,, is reduced the gain will
increase. The resistance R,, therefore constitutes the control for the height
of the scanned area on the mosaic.

The anode circuit feeds the transformer T'R,, which in turn feeds the
transformer 7T'R,, from which the output proceeds to the frame scanning
line in the quad. As the range of frequencies involved in this circuit is
very much less and extends only between 50 and less than 2000 c/s.,
special p i are ired as ds building out of the cltcun to
constant impedance. 'l'he frame shift voltage is similarly injected from a
6-volt D.C. supply across the potentiometer R,,, variation of which con-

is correspondingly increased. Since the imp: ar

8 &

quently enables the scanned patch to be centralised on the mosaic in the
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vertical plane. As in the case of the line scanning, the Normal-Condition
switch S, in the Normal position places in circuit both sections L, and Ly,
of the secondary of the transformer TR,, but in the Condition position
removes Ly, leaving only L, thus doubling the scanning current. 8, and 8,
are, of course, ganged.

It remains to describe the function of the valve V,. It is essential that
no beam current should be applied to the emitron mosaic until an adequate
supply of scanning current is flowing, for if this were not so, the beam would
be ionary, and the i bombardment of one spot on the mosaic
would photoelectrically burn it, and the burnt place would appear in
subsequent pictures as a dark spot. It is considered sufficient that an
adequate supply of frame scanning current only must exist, and it is accord-
ingly arranged that in the absence of the latter it is impossible to turn on the
beam. This has the additional advantage that if the cable be uncoupled
at any point without having previously turned off the apparatus, the cessation
of frame ing current so produced will remove the beam current, and
with it the dangerously high potentials supplied to the emitron cable. It
will be r bered from my technical note on the Focus Panel that in the
latter a relay is provided which permits the application of the emitron gun
potentials only when it is operated by a supply of D.C. It is the function
of the valve ¥, to provide this supply of D.C. when there is sufficient frame
seanning current.

The voltage between one side of the heater A.C. supplied at 13 volts
and earth (which is, of course, half the heater A.C. supply since the latter is
centre tapped) is applied via the resistance R, to the Westinghouse rectifier
Dy, and a voltage of nearly 10 volts is developed across the load resistance
R,g  This voltage is thed by a cond Cg. Since the grid resistance
R,; of V; is returned to the point E, this voltage biases the grid negatively
and cuts off the anode current. If suffici ing current is passing
a voltage will be induced in the winding L, of the transformer 7'R,, whic
is applied across the load resistance R,q and is rectified by the further
rectifier D, and hed by the cond (', and the rectifier is so connected
as to provide a positive voltage at the point F in opposition to the negative
voltage received from the point £. This cancels the negative grid bias and
permits ¥V, to draw anode current, which is sent to the Focus Panel where
it operates the relay and permits the application of the emitron gun potentials.
Clearly, if the cable is broken or if from any cause the frame scanning current
ceases, the positive voltage at F is withdrawn and V, is biased back, the
anode current fails and the relay in the Focus Panel drops out, thus cutting
off the emitron beam.
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THE CAMERA

The Emitron the mosaic. As it touches each element of the mosaic in turn, it restores

This note describes the camera, which incorporates the emitron tube it to its original potential by supplying it with electrons to make good the
and its associated head amplifier, all of which are enclosed in an alumini deficiency due to emissi Again, expressing this differently, we may say
casing mounted on a suitable stand. that each little el 1 d is in turn disch d, its positive charge

B

"3

As the complete theory of the operation of the emitron is very complex,

being annulled, and the charging

the explanation of its action which follows has been intentionally simplificd ~ Figure 1 current must, of course, flow in any
in the interests of brevity. L s circuit connected to the signal

The emitron ists of an ew: ted tube g a mica plate, plate. Since the capacities of all
upon one side of which has been deposited a large number of photoelectric R A o the elemental condensers are the same,
nodules, each of which is individually insulated from its neighbour. The the potential they have taken up
nodules are exceedingly small, there being in fact a very large number of - electronically will be proportional
individual nodules in the small area occupied by one picture element. This I to the charge on them, and since

surface of photoelectric nodules is called the mosaic. Subsequent processes the velocity of the beam is constant,
involving treatment with oxygen and the distillation of caesium into the tube I: the time of discharge is also
nctlvnw the nodules with caesium. On the back of the mica plate there is 1 et constant, and consequently the

h

da silver deposit (i.e. not gathered up into nodules)
know‘n as the signal plnw The assembly is mnde in such a way that the
scene to be tr d can be optically f d on the mosaic.

The tube is also fitted with an electron gun, the function of which will
appear later, but the final anode of this gun is situated so that it can collect
any electrons which may be emitted from thc photoelcctnc mosaic. When
an image is f 1 occurs, and those

d on the ic, phot ic
ncdules situated in the bright psm of the image emit a proportionately
greater photoelectric current than do those in the darker parts. This current
is collccted by the final arode of the gun. As there is no direct electrical
connecticn to the back of each nodule, the electrons lost cannot be replaced
from any source of potential, ard the mosaic exhibits over its area a deficiency
of electrons, i.e. its potential has become positive. The greater the light
fallirg upon a given part of the mosaic, the more positive after a given time
will be the potential of that area. Expressing this in another way, each
ncdule forms with the common signal plate a condenser, the dielectric
of which is the mica plate, and, under theinfluence of light and the fact
that one of the cordenser plates is capable of photoelectric emission, each
cordenser loses electrons, and is therefore charged positively. After a time,
therefore, the various areas of the mosaic are charged to the various positive
potentials, dependent upon the amount of light that has been falling upon them.

If, now, we can provide some means, as it were, of measuring the various
positive potentials which have been taken up, we shall have a measure of
the light which is falling on each element, and this is the function of the
electron gun, the beam from which does not perform the same function as
the elcetron beam in a catbode ray tube, but which in this case is acting
like a weightless brush moving rapidly in the proper order of scanning over

current in the backplate will be proportional to the voltage of the element,
which is at that moment being discharged by the beam. There is, of course,
simultaneously flowing in the backplate circuit, but in the opposite direction,
the photoelectric current drawn off by the second anode simultaneously from
all parts of the mosaic, which is, of course, proportional to the overall bright-
ness of the complete picture. The resultant current flowing in the signal
plate circuit is the difference between these two currents, one the individual
instantaneous discharge current of an element, and the other the perpetual
current representing the overall brightness. This second current merely
acts, therefore, as a type of bias and does not prevent the resultant cum‘nt
from rep ing at any t the brigh of the d

By placing an 1mpedance in the signal plate circuit, we shall therefore obtain
across it voltages at any time rep ing the brigh of the el t
then being scanned. This is, of course, the emitron load impedance.

The action may be made clear by reference to Figure 1, in which C repre-
sents any elemental condenser in the mosaic, 8 is the signal plate, N is any
nodule, R is the emitron load impedance, 4 is the second anode, B is the
cathode beam, and @ is the gun. I, is the instantaneous discharge current
of the element, and I, is the photoelectric emission from the whole mosaic
proportional to the ovemll brightness. The current flowing through R,

herefore, is the diff I, and I. It is, of course, the current I,
which, thongh idirectional, is d of frequencies lying anywhere
between zero and some 3 Mc/s. I, is of a different character, its undulations
representing any change in the relative totals of white and black in the picture.

It has been found that the irregularities of illumination which are
inherent in the signal emerging from the emitron and which are counteracted,
as will be seen later, by the introduction of tilt and bend waveforms, are
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materially reduced if a small amount of ding illumination is allowed to ted to the cathode of V,. A capacity now exists between the signal
irradiate the mosaic. Furthermore, the sensitivity of the emitron is thereby plate and the screen, but amoe the screen, being connooted to the cathode
somewhat enhanced. of V,, is approxi ly ng the same p as the signal

Accordingly a small lamp, fed from the head amplifier heater supply, plate, the effective capacity betweon sngml plate and screen is very small.
is placed inside the camera in such a position that it causes a permanent but There is ‘now, of course, a iderable ity b the screen and the

slight illumination of the i The gth of the illumination is
controlled by means of a series resistance. If the lamp is insufficiently
bright the improvement will be small, but if the brightness is excessive the
picture will exhibit characteristics similar to those produced by low-freq
phase distortion. In practice the brigl is adjusted to a degree whlch
effects the greatest reduction of the illumination distribution errors and
increase of sensitivity compatible with the avoidance of an amount of
apparent phase distortion that would be detrimental to the picture.

cover, but this now occurs across tha cathode circuit of ¥,, which,
due to its cathode following action, is presenting a very low impedance, so
that this capacity has little effect.

The cathode load resistarice of V, is R,,,, which gives too much negative
bias for the correct operation of ¥;. This bias is therefore offset by a suitable
degree of positive bias introduced by passing H.T. current through R,
which is shunted completely by €y, Rygy, 145 and Cyyy, 15 decouple ¥V,
and no anode impedance is provided.

The output of V, is npplled to V, by the R.F. filter F,. €, and R 4,

are the normal p and d. , and L, is added for

The Head Amplifier a purpose which is s'.andnnl in the design of most television amplifiers.
The head amplifier associated with the emitron is located in the same The freq ies to be reproduced in a television amplifier are so high
casing in order to give a preliminary gain to the signals before they are liable that unless measures are taken to offset the effect of intervalve capacities,
to be mixed with interference. It is a 4-valve amplifier, the circuit of which linear amplification will be i ible. One I thod of doing this,

is shown in Fig. 2. The initial voltage, as has been mentioned, is developed
across the emitron load imped which ists of the resi Rye.

which is largely standard in the M-E.M.I. system, is to design the intervalve

The internal impedance of the emitron signal plate circuit is very high,
like a screened grid valve. Therefore, the voltage developed across the
emitron load imped is, to all i and purposes, proportional to the
value of that i d and it is q ly desirable to make this as
high as possible. Since, however, the output of the emi very

lings as low-pass filters in the form of m-sections, in which case the output
oapacn.y of the valve precedmg the coupling and the input capacity of the
valve ding the coupling the end cond of such a ion,
and the inductance constitutes the series element. If such sections are
designed with a cut-off frequency of not less than twice the frequency it is

high frequencies, there is a limit to the value of the load impedance, as
it must mevltnbly be shunted by capacltles which will reduce its value
at high freq It is theref: P ve to reduce these iti

desired to produce, then the coupling will be satisfactory both from amplitud
and phase id An ap termination only is possible by
resistance, and so long as this is properly chosen it is found to be satisfactory.

to a minimum. With this end in view, the first valve V, is designed to
be a cathode follower, which is here used not so much for its virtue in

a

Such ions may be ter ted, of course, at either end so long as they
are terminated at one end, and it is usual in the M-E M.I. chain to terminate
at the initial end. In this case the i ists of the outp

p a low output imp as for its other and equally important impedance shown by the cathode follower V,.

virtue of pr ing a ity at its input. (It will be The second valve ,V,, is followed by a hat more pl pling
remembered that m a cathode follower there is no Miller effect ; there is circuit. The inductance L, gives the pling the fig: ion of a low-pass
scarcely any grid to cathod ty, as the cathode is ing nearly the filter as before and its phase linearity in the upper freq: y range is improved
same voltage excursions as is the grid, and there is only the grid to anode by R,s. The filter is terminated by the anode resistance R,o, and the
capacity.) It is found that the load imped at high freq| ies may be anode inductance L, acting jointly. The characteristic impedance of a low-

made as high as 300,000 ohms, the value of R,,,, but even so the frequency
characteristic drops, and it is subsequently corrected in the cathode circuit
of the first valve of the ‘ A’ amplifier.

An additional scheme is incorporated to keep to a the ity

pass filter set up in t.he form of a z-section increases in value in the upper-
frequency range, rising to infinity at the cut-off freq v, and the termi
should have a similar characteristic. While this is not readily possible with

placed across the emitron load resistance. Normally there would be a
capacity between the signal plate and earth as represented by the camera
cover. Round the emitron tube, however, is placed a screen, which is

the simplest circuits, the addition of an inductance such as L,, in series with
the terminating resistance, gives the termination a rising imped with
frequency. The anode decoupling circuit is formed by R, .4 and C,,,, but
between that and the anode resistance Ry, is interposed a further circuit

14
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comprising R, g, Cy44 and C,54. This circuit gives an increase of gain at the
lower frequencies as compared with the middle and upper frequency band
and its object is to lift the gain at these frequencies in advance so that they
may be cut down later in the ‘ B’ amplifier where such attenuation will also
act upon mains and other interference which is picked up in the camera and
earlier amplifier circuits.

Vg and its iated circuit itute the third stage of amplification
and its operation should now be clear. The final stage, V,, is a cathode
follower used here in order to provide a low impedance to match the line
back to the Control Room. The impedance of this line is 165 ohms, and the
output impedance of ¥, about 115 ohms. This is made up to 165 ohms by
the insertion of the resistance R, g4.

It should be noted that the filter F, consists of series elements, self-
tuned to the vision carrier frequency, with a shunt series circuit also tuned
to this frequency, and the windings carrying the signal currents are small
coils tightly coupled to the self-tuned series elements, which are left floating.
This is because the inductances of the filter coils themselves are too great
to be allowed in the signal circuit.

The Gun

The gun, which provides the scanning beam to discharge the mosaic,
consists of a heater, a cathode, a grid, and first and second anodes. Ideally,
the optical axis and the gun should both be perpendicular to the mosaic,
but this is clearly not possible, and the optical axis is given preference, and
is perpendicular. The gun, therefore, is mounted at an angle to the mosaic,
and as has been explained in my note on the keystone generator, has t. be
provided with scanning potentials which are specially modulated. These

ing p ials are applied to two coils mounted at right angles round
the neck of the emitron. The heater consumes 1.2 amperes at 4 volts A.C.
The grid is given a bias of about 8 volts and in addition is supplied with what
is known as black-out pulse. It would be obvious that the return path of
the cathode beam must not be allowed to influence the mosaic, otherwise
certain elements would be discharged before their correct time, and the
return path would be transmitted as a signal. This is achieved by turning
off the beam during the return time by heavily biasing back the grid of the
gun for an appropriate period by means of the black-out pulse. This pulse
is g d in the black-out g tor described in another note. Since
the frequencies involved in the black-out pulse will be very high, it is necessary
to supply them to the camera down a concentric line, and there are therefore
two concentric lines in the emitron cable, one conveying the black-out pulse
to the grid of the emitron and the second taking the picture output from the
emitron to the Control Room. The first anode has a potential of approxi-
mately — 1000 volts to earth, and the cathode — 1500 volts to earth.

Figure 3. Plug
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Figure 4. Socket
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The electron beam is focused electrostatically by adjustment of the ratio
of first and second anode potentials.

The Cable

The camera cable, which connects each camera with the Control Room,
is of a composite type. In addition to the circuits by means of which the
various supplies necessary for the operation of the Camera are transmitted
from the Control Room, and the picture output conveyed to it, lines are
provided for certain other purposes.

Each camera is provided with a pair of red cue lights operated from
the programme control position, which may be used either to inform the
studio that the camera is energised, or to give normal programme cues,
These lights are fed via a circuit in the cable from a 12 volt D.C. supply.
The camera operator must also be in a position to receive instructions from
the programme control position which shall not be audible in the studio. He
therefore wears a pair of telephones, which are fed from a talk-back system

It is desirable that the i of the ic irradi lamp in the
case of the ordinary emitron, and the i ity of the magnetic focusing
current in the case of the alternative type, should both be capable of manual
adjustment from the Control Room, and accordingly the mosaic irradiation
lamp line and the electro-magnetic focus line both terminate in the Control
Room on a panel at which such 1 1 is obtained

The cables are connected together by specially designed couplings
incorporating concentric plugs and sockets for the two concentric lines,
special 4-pin plugs and sockets for the scanning lines, and individual pins
and sockets for the fourteen other lines. The plugs and sockets are illus-
trated respectively in Figs. 3 and 4. Details of the various circuits together
with the g t of the tions of the plugs and sockets are given
in the table.

The socket is also shown in Fig. 4 with all its connections to the emitron
and camera circuits ; the gun connections of the emitron are brought out to
a set of sockets on the end of the emitron gun envelope into which flexible
leads in the camera may be plugged. This socket is also shown in Fig. 2 slightly
d from the emitron.

via a circuit in the camera cable. Of the ining , one bles the
galvanometer in the Focus Panel to read the beam current in the emitron,
and another supplies the mosaic irradiation lamp. One circuit is reserved
for providing a supply at 110 volts for the magnetic el lens sy

employed in an alternative type of camera of which the design is different
from that of the emitron described in this section. Finally there is a spare
pair which may be brought into service should any of the other circuits, with

the exception of the picture, black-out, and scanning lines, fail

P

Each emitron is fitted with its own scanning coils, flexible leads for which
are plugged into sockets in the camera.
The neon lamp N indicates when the gun voltages are on.

The phone jack is provided for operators’ talk-back, the level of which
may be adjusted by means of the key K. The cathode is rendered earthy
by the condenser C\,, and the resistance R,,, serves to render this condenser
safe when the gun voltages are removed.
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THE ‘A’ AMPLIFIER AND TILT MIXER

The picture signals delivered from the emitron via its cable are applied
to the * A’ Amplifier and Tilt Mixer in order that they may be raised in level,
and also mixed with the line and frame tilt and bend waveforms, which, as
has been explained in my note on the tilt and bend generators, are injected
into the picture signals in order to correct for certain errors of illumination
which are at the moment inherent in the emitron.

‘A" AMPLIFIER
Technical Description
M-E.M.I. System of Television
Item 4.4. October, 1937
(page re-issued October, 1946)
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The incoming line from the emitron is terminated in its characteristic
imped by the resi R,, and the signals are applied to the grid of the
first valve V, for amplification. If the input impedance facing the grid
circuit of ¥, were high, it would be necessary to employ a pentode in order

cathode impedance of V, gradually as that frequency is approached
Consequently, at the upper frequencies there is no anti-phase feed-back
from the grid to the cathode, and the amplifi is high, but at low
frequencies the impedance of the circuit L, and C, is very high, and the

to avoid loss of upper frequencies by throwing back a sizable capacity on to thode imped is therefore R, + R,, which produces anti-phase
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Figure 1. ‘A’ Amplifier

the input impedance due to Miller effect. The grid, however, sees an imped-
ance of 83 ohms, being the characteristic impedance of the line and of its
terminating resistance in parallel. It is therefore possible to use a triode
which we prefer to do here as the level of the signal is not high, and the triode,
which is quieter than a pentode, will introduce less noise. ¥V, receives
automatic grid bias from R,, and R,, L, and C, form a cathode correction
circuit which lifts the upper frequencies to compensate for the loss occurring
in the coupling between the emitron and its head amplifier. The circuit
L, C, is made to resonate at a high frequency, and thus short circuits the

feed-back from the cathode grid and the amplification is consequently
reduced.

The valve V, is coupled to the second stage V, by a resistance capacity
coupling, involving also the elements L, and R,, the function of which was
explained in my note on the emitron head amplifier. Briefly L, and R,
cause the coupling to simulate a low-pass filter. It is now required to mix
the illumination correction pulse' with the vision signals, and it will be
remembered that there are four of these pulses, the frame tilt, the frame bend,
the line tilt and the line bend. These four sets of pulses are supplied to the
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* A "amplifier and tilt mixer at the terminals, 1, 2, 3, 4, 5, 6, 7 and 8, and are
introduced in the right proportions by the potentiometers Py, Py, Pyand P,
They themselves are mixed at the grid of the valve V, the four circuits being
kept separate by the resistances Ry, Ry, R; and Ry,

We supply, then, vision signals to the grid of V,, and tilt signals to the
grid of V5. The anode circuit of these two valves is common, and a mixture
of vision and tilt signals therefore appears in the anode circuit. The anode
resistance is Ry, and the elements Ly and R, are included for the usual
purpose of preserving amplification at the upper frequencies. They are
placed between V, and Vg, rather than between Vy and V, as it is only the
vision signals which demand the services of Ly and R,,. If these elements
were between Vg and V, the capacity on the input side would be too large.
The anode circuit of V4 also contains the elements R, and C'; whose values
differ from unit to unit. These elements are inserted to compensate for the
loss of gain and change of phase imposed on the vision signals by the blocking
condensers of the various intervalve coupling circuits of the vision-frequency
chain. Such an effect, if uncorrected, leads to streaking in the picture, that is
to say, the presence of white horizontal streaks following a black picture detail,
and vice versa. The el R, and O, together give the anode load a rising
impedance as the frequency decreases and thus increases the gain in the lower
frequency range while at the same time approximately compensating for the
phase angle.

It will be remembered that a deliberate increase in the lower frequencies
was given to the vision signals in the emitron to head amplifier coupling in
order that these lower frequencies, together with any microphonic interference
that might have been collected in the emitron and head amplifier, might be
suppressed later. As this suppression will be performed after the tilt and
bend signals have been added, clearly the lower frequency components of
these signals must be raised also, or otherwise they will be eventually sup-
pressed below normal. This is effected by the elements R,,, R,, and C,,
which form the complex grid leak of the valve V.

Control of gain is also effected at the grids of the valves V, and V.
It is, of course, quite i ible to use p i for this purpose, as

the capacities thrown across that section of any potentiometer between grid
and earth would, with the potentiometer, constitute a circuit for reducing
top frequencies, and the amount of the upper frequencies present would vary
with the gain This is a ¢ tion which applies generally in
high definition television circuits, though with careful design it is possible
to make potentiometers work up to an upper frequency limit of about 1 Me/s.
(The four tilt and bend potentiometers are possible, because the frequency
range involved is not so large. If the tilt and bend impulse involved as
high an upper frequency limit as the vision signals, even this simple mixing
circuit would be i ible, as the isolating resist, would form with the
shunt capacity a circuit for ing upper freq ies.) Accordingly the
variable-p principle is employed, and by means of a potentiometer P
which is, of course, the main gain control, a variable degree of negative bias
derived from a separate source is applied as well as the signals to the grids
of Vyand Vg

The output from V, is applied to the valve V,, which is arranged as a
cathode correction stage, and its sole function is to correct for the attenuation
of upper frequencies which occurs in increasing amount as the length of cable
between the emitron and the Control Room is increased. Unlike the valve V,,
which is also a cathode correction stage, the output from ¥V is taken from the
cathode circuit, and the anode circuit therefore has no impedance, being
short-circuited at A.C. by the condensers Oy and €. It has the appearance,
therefore, of a cathode follower but is more correctly described as a cathode
correction stage with cathode output. ¥V, is a cathode follower which is
followed by an acceptor circuit L,Cy.  This circuit is tuned to resistances
at about 3.5 Me/s. At and near this frequency it produces considerable
voltage amplification dependent upon its effective . This is in turn effect-
ively controlled by variation of total resistance by switching into circuit
an appropriate number of the resistors R;-R,q.

The output of V, is then applied to ¥, which is a pure cathode follower,
presenting at its output terminals a low impedance suitable for connection
to the output line. The condenser Cg keeps D.C. off the line, and the induct-
ance Lg holds off the capacity of the output cable. From the * A" amplifier
the output proceeds to the phase reverser.
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THE PHASE REVERSER

It is desirable to have available the facility of being able to transmit
negative or positive film at will as a positive picture. This may be done by
inserting in the film picture channels phase reversers, whose function is to
change the phase of the vision signals by 180°, so that a negative film will
be reproduced as a positive picture. It was decided, for the sake of uni-
formity and to permit of special effects, to have this equipment available
in the four studio channels as well.

Phase reversal of any of the six ch Is at will is effected by a unit
which receives the outputs from the individual ‘ A * amplifiers, and delivers
them reversed or not to the Fading and Monitoring Mixer. Phase reversal
is effected in each case by means of a switch without alteration in gain.
From the circuit it will be seen that the principle employed is to insert in
the chain, a valve, the output of which may be taken either from the anode
circuit if phase reversal is required, or from the cathode circuit if the phase
is not required to be reversed. The gain is adjusted to be approximately
unity in both cases. Since each of the six valves in this unit performs the
same function for each vision channel, it will suffice to consider in detail
the action of one valve only.

Consider the circuit of V,, the output from the ‘ A’ amplifier is applied
to the grid circuit. With the double switch 8, 8, in position B, the output
is taken from the anode circuit, which contains the very low anode resistance
R,. The cathode, for this condition of operati ins the resi R,
unshunted, and so there is anti-phase feed-back to the grid. We may regard
the behaviour of this valve stage from two points of view. Firstly, we may
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consider it to be acting as an ordinary resistance coupled amplifier with anti-
phase feed-back to the grid to give a reduced gain with a straight character-
istic. Alternatively, we may regard the stage as a cathode follower, which,
unlike most cathode followers, has an anode impedance inserted so that
we may take our output from the anode, and thus obtain phase reversal.
Normally, we use the term cathode follower when the valve is employed with

is inserted in the cathode circuit, and the output is removed from the anode
circuit and joined across this resistor. The valve is now functioning as an
ordinary cathode follower, and there is no phase reversal. The valve, of
course, was f ioning as a cathode foll before, when only the resistance
R, was present in the cathode circuit, but the efficiency of cathode following
was not high. (To get high efficiency cathode following, i.e. to make the
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Figure 1.

anti-phase feed-back to the grid cither to generate a very low input capacity
or a very low output impedance. In this case, we may truly describe the
stage as a cathode follower because the excursions of cathode potential
follow those of the grid, due to the unshunted cathode impedance, the object
in this case not being a low cathode output impedance but a low stage gain,
a low input capacity and a straight characteristic. It would be possible,
of course, to shunt R, with a large condenser, in which case B, would merely
provide automatic grid bias and the gain would be greater. To get a gain
of unity R, would have to be reduced, under which circumstances the
characteristic would be more curved and the circuit would be more expensive
owing to the cost of the cathode condenser. The ind L, holds off
the capacity of the line.

When the double switch 8, S, is thrown into position A, the resistor Ry

CIACUITS OUT TO FADING MIXER
Phase Reverser

(]

cathode potentials follow the grid very closely and to be approximately equal to
them in value, the cathode impedance must be high.) The addition of R,
gives high efficiency cathode following, so that the output voltage is very
nearly equal to the input voltage, but the grid leak is returned to the junction
of Ry and Ry so that the correct value of grid bias is obtained. The value of
R, is, of course, so adjusted that the gain when the valve is operating as a
phase reversing resistance amplifier is the same as when working as a high
efficiency cathode follower.

The capacities present across the éalcput when the circuit is adjusted
for pure cathode following (non phase reversing) are somewhat less than they
were in the anode output condition, and in order to maintain the same fre-
quency characteristic in both cases, the output capacity is increased to the
appropriate value by adjustment of the amll:&’n&:«-r .
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