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A NEW FOUR-TUBE COLOUR
TELEVISION CAMERA

INTRODUCTION

RN, N, rarKER=sM1TH has given the reasons
M for the choice of a four-Plumbicon or four-vidi-

con arrangement.' The camera, which has been
designed to produce both colour and black-and-white
pictures of high quality, has to be stable in performance
and to be comparable with modern black-and-white
cameras in sensitivity, Aexibility and ease of operation.
This article covers the features of the camera channel
together with some details of the engineering aspects
of the design.

GENERAL

The Mark VII Colour camera {Fig. 1) cmploys four
Plumbicon tubes in a Y.R.G.B arrangement, giving a
separate luminance signal and red, green and blue
colour sigmals. The advantages in having o separate
tube for luminance are well known. They are, briefly,
that a high-quality luminance signal is obtained, both
for the colour and the compatible black-and-white pic-
ture, that is not dependent on image registration, In
addition, the dominating influence of the separate
luminance signal on the reproduced luminance in the
picture greatly reduces the visibility of tube blemishes
and similar errors originating in the colour channels.
The camera is primarily intended for use with zoom
lenses, and a relay optical system is employed that
enables standard 40 mm image orthicon lenses to be
used, [t can operate on cither the 625- or 525-line
standards, and in conjunction with external encoding
equipment for any of the proposed colour television
transmission systems. The complete camera channel
comprises the camera itself, the camera control unit
(C.CU) (Fig. 2), which includes the main control
panel, and the power supply unit (P.S.U). In addition,
a simple operational control panel (Q.C.I") is avail-

able. All the active circuit elements are semiconductor
devices except for one valve ineach head amplifier and
a corona regulator in the power supply unit. Alto-
gether the camera channel employs 500 transistors,
of which half are in the camera.

" Hands-off " Operation

The high operational stability achieved in the design
of the Mark IV and more recently in the Mark VE black-
and-white cameras has encouraged many broadcasting
organizations to adopt the simplified operating tech-
nique which is usually called * hands-off " operation. In
"hands-oft” operation the camera channel setting-up
adjustments are carried out at the main C.C.U control
panel, and control is then switched to a simple opera-
tional panel containing only those adjustiments neces-
sary to obtain the desired artistic effect: Iris, Master
Black and Master Gain, The small size of the opera-
tional control panel permits a number to be mounted
closely together so that several cameras can be under
the supervision of one operator. These panels can be
located in production arcas, whilst the camera control |
units can be concentrated in a central technical area,

Rlack-and-zvhite Operation

The camera has been designed so that it may be quickly
converted to full-sensitivity black-and-white opers-
tion, employing the luminance channel only. Since the
luminance channel is, in effect, o high-quality black-
and-white camera, it has been possible to provide this
facility without adding significantly to the basic colour
camera, All the usual facilities of a modern black-and-
white camera are present, and a simple change in the
optical system enables all the incoming light to be
directed to the luminance tube for full sensitivity,
Dwuring black-and-white operation the heater supplies
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Telecime

Vidicon tubes are at present preferred for film cameras
whiere Uhe Digzlaer ||:|_'_h'| level available enables an ace -
able performance to be obtained in respect of lag and
dark-current. An advantage that the vidicon has over
the Mluinbicon for this purpose is that control of sensi-
tivity can be obtained by variation of the target voltage.
This is useful in aptomatic video level control, a facility
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vision has been made for the camera to Ojserate W ith
ailoimatic Largel 'l.--ll!.r;;- vontrol from an extermal wit.
This will 1:--"!:.1“_1. he associated with sutomatic con-
trol of the JOjecTor light source. Since the vidicon and
Mumbivon are both |-]u.-'|u-¢.un-e||.u!|n- tubes and have
sintlar external circuit reduirements, Hlﬂ} LRI TRT:
differences exist in the camera and C.C L crcuits
for the *live” and telecine versions, These include, for
example, changes to the gamma-correctors, For shad-
mg correction an addittonal external unit is available
which connects to the C.C.U. By adjustment of the
optical system the correct image size for the vidicons
@an be obtained, and the deflexion yokes can be adapted
by a simple modification to accept vidicon instead of
Plumbicon tubwes

Camera Cable

Present-day operational requirements have made it
!'N‘“H.'IF_'I. tin lI' ‘\.‘H“ Illl" CAIETa SR tlhl1 it Can 1-' lL“"I’I
with up to 2,000 1t (600 m) of camera cable. This
demands o cable with large conduitors 1o avoid loss
of voltage and for the camera channel .'-T-dhlflT} ot T
be adversely affected by conductor resistance and the
effects of temperature. For studio use, however, it is
advantageous for the cable to be as light and as Aexible
as possible. 50 that both requirements can be satisfied
two cables are available. The lighter and more flexible
cable is intended for use in studios or in similar sttua-
tions in lengrths of up to 500 ft { 150 m ), and the heavien
cable for permanent installations or where greater
lengths of cable are required

Memitoring Facilities

To ensure that the full performance can be readily
obtained under operational conditions, comprehensive
facilities have been provided for the monitoring of
signals to aid the setting-up and operation of the
camera channel. By means of two independent groups
of switches, one for picture and one for wavelorm dis-
play on the C.C.L7 control panel (g, 3), the desired

Fig. 1. The Mark Vil colour camera waing lowt photoconductive tubm
in 8 YRGB arrangemant

signals may be selected and fed out to a picture and
wavelorm monitor, The pictures from cach of the four
tubes can be displayed independently, or combined in
either polarity. This facility enables signal subtraction
to be used as a precise indication of image registration.

I'he waveform monitoring switch enables the video
signal at important points in the video chain to be
selected and displayed on a picture and wavelform
manitor, This has provisions for colour camera signals,
and a triggering pulse fed to the monitor from the
C.C.U enables the signals from corresponding points
inthe Y, R, G, and B chawmels to be LJl'\-I:l.l_‘.H] sininil-
farm uu\I:I.' The sequ ntial electronic switching of the
sigmals is carmied out In the C.C.LI.

A further I.ullll.ll\.. which grr-.ltl_".' aids thw I-II!I~|
-u'llirll:-up ol r'ql.ul gailu amd .AII'IFliI'tl.IllI characteristics
i the four channels, s the provision of °brdgng
switches, When operated, the corresponding ancuit
points in the four channels are joined together, and any
difference in signal levels can be easily seen on the
wavelorm monitor




The monitoring facilities include a signal, derivid
from the four camera tube «i;gnd

8, contuining only the
i and minimum excursions of fny of the four
sigrnals, This may be displayed on a simple oscillosee i
at i remote operational control position, Thus the task
of the video operator is eased, for in maintaining the
vorrect signal excursions by means of the Lens Iris
control and Master Black Level control, he need only
observe one waveform displuy instead of four, All the
monitoring signals can be displayed on the camera
viewfinder for setting-up provedures in which the assis-
tance of the cameraman iy b reguired, Additionally,
the viewfinder hiHH.I]H nay bz fed I|I.!'|l1|||.;||. a soiket on
the camera to an auxiliary monitor,

Test Facililies

Under control of the Test Switch on the CC. L control
panel, test signals from external sources fed into the
C.C LU can be sent over the camera cable to the input
of each camera head amplifier through a tube simulator
circuit, or alternatively fed into the input of the C.C U
video cireuits, An internal ealibration wavelorm gene-
rator is also provided in the camera for use in setting
the gain of the head amplifiers for the desired tube
sighal current. This is also controlled by the C.C.U
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Fig. & The Camera Contral Unil

Test Switch, An additional test input socket is fitted to
the camera to permit the direct injection of signals into
the head amplifiers when it is desirable not to pass the
signal over the camera cable,

A meter on the C.OU control panel and an associ-
ated selector switch enable all important supply poten-
tials and focus and camera main supply currents to be
quickly checked, To aid in the checking of circuit per-
formance and the location of faults, test sockets con-
nected to important circuit points are fitted on the front
of each circuit module in the camera and C.C.U,

Fiewyfinder

The Mark VI viewlinder is of the type also used in the
Mark V black-and-white camera. It employs a 7-in.
((18=cmm ) Har=faced rectangular picture tube operated
at 146 KV giving a bright high<definition picture with
u highlight brightmess of 20048t lamberts, The view-
fineler is selfcontained and mounted on pivets with
friction clamps which allow it to be tilted over o wide
angele and locked in the most convenient viewing posi-
tion, It can be detached and used up to 20 fe (8 m)
from the camera, Controls for brightness, contrast,
height and width are mounted below the picture tube,
and a preset control inside the viewfinder case can be




set to give an accentuated high-frequency response as
an aid in the precise focusing of the camera,

A three-position switch is fitted at the vear of the
gamera for selection of the signal displayeal on the
viewfinder, which can be either the lominance channel
signal, the sigmal selected by the Monitor ( Picture)
Swirch gt the C.C.U or a signal from an external
source. The luminance signal will be displayed in
normal operation, and for setting-up adjustments the
mopitor gignal can be used, The external signal is fed
into a gocket at the C.C.U where a further switch gives
the choice of either displaying the external signal alone
or mixed with the luminance signal. These cxternal
signal facilities are primarily intended o help the
cameraman align his camera picture in precise relation-
ship to the picture from another camera, as is often
necessary for special effects,

OPTICS
Linges

The camera hus been designed to use standard image-
arthicon zoom lenses of 40-mm image diagonal and
it particular those by Evershed Power Optics | Ange-
plevx ) and by Rank Taylor Hobson having a 10: 1
focid ratio and apertures I_J‘t-llf-jl.:'F'H r‘”'l_.l":f'i‘ rq.:.-\'I:LtL'Ti\'yl_‘.',
equivalent to an aperture of (12 of the Plumbicon image
size, The range of focal lengths is approximately 146
to 16 in. {40 to 400 pun ) and the corresponding range
of ingrular field of view is #47 to 45, Attachments are
avitlalile 1o l'II:II1'_':I.' the ranges of these lonses up ta
48 to 48 in. {'_’.! Lo 220 I1|I||]. 'Hl.r_\- I r|'|||.|”_\. neor-
porate servo-control of zoom, locus and iris in the lens
assembly, although mechanically operated versions are
also available.” In cach case the controls for zoom and
focus are fitted to the panning handles attached to the
cammera pan-and-tilt head. The iris is remotely con-
trolled from the camera conteol I1rr\iT::1:|, IH'illip; the
main aperating control,

A zoom preselection unit (or *shot box ') isavailable
for wse with servo-controlled lenses, ||._1,' means of which
waumber of zoom positions may be preset, the selected
positions then being automatically obtained by opera-
tion of corresponding push-buttons * By means of an
adaptor the cimera can also use a single fixed-focal
|l.'r|-_|.;1|! ]ll:.igt'-urthirml |i1'u.-, a suthcient range of Toeus-
ihgj Jl‘].ilﬁ[tr'u'l'lt for most normal purpases Ix-iu“" pro-
vided in the camera,

Mptical Filters

Two filter wheels sre fitted, cach ll.n"lll;.'; fisiir jur:e-lhurlh.
o for unobstructed light transmission and three into
which detachable filter dises may be fitted, One of the

filter wheels would normally be used for neutral den-
sity filters to extend the camera fexibility in respect
of light levels and depth of focus, The other is intended
for colour filters to accommodate variations in lighting
volour femperature.

Internal Optical System

A relay optical system is employed o provide an
adequate optical path lesgth in which to acconmmodane
the lightesplitting  systems, and also o perinit a
favourable disposition of the comera tubes. The
primary image is of 40-mm diagonal size, the same as
that of the image-orthicon tube, so as to allow a wide
rangc of standard objective lenses to be used. The final
images are, of course, of the correct Plumbicon size
(or vidicon size in the case of the telecine adaption of
the camera ),

The two filter-wheels are between the external
objective lens and the field lens. After the Beld Tens is
the huminanee -chrominance light-splitting prism sur-
e, reflected light passing 1o the luminance tube aml
the transimitted lght 1o the chrominance tubes, An
nteresting feature of this surface, which helps in
IIIilhiJ!;.', ellicient use of the INeoming light, is that it
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Fig: 4. The Operational Contral Unit for the Mark Y11,

serves, at the same time, as the luminance spectral
response-trimming filter, so that only that part of
the incoming light required for the correct spectral
response is passed to the luminance tube. Additional
light is thus available for the colour tubes,

The chrominance light is then split into the red,
green and blue components by prism-type dichroic
surfaces. This type of dichroic is superior to the plate
type employed in some carly cameras, being free from
ghost images and astigmatism. A colour-trimming
filter is included between the dichroics and each relay
lens; a separate relay lens is in the light path to each
tube. The design of the optical elements, including the
relay lenses, is optimired over the spectral range
appropriate to each light puth.

For black-and-white operation a fully reflecting sur-
lace 18 moved into position in place of the luminance
chrominance light-splitting surface so that all the
incoming light passes to the luminance tube,

CONTROLS

Camera

The only electrical controls on the camera used in
normal operation are those associated with the view-
finder and those controlling the talkback facilities and
are all ot the rear of the camera,
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C.C. U Contrel Panel

The C.C.U control panel {Fig 3) contains the controls
required for the engineering and operational control of
the camera chanmel. The camera may be operated
entirely from this panel although it has been designed
for * hands-off* operation. The arrangement of controls
on the C.C.U panel follows a logical pattern. The
upper, light-coloured section carries setting-up con-
trols, whilst the lower darker section contains operi-
tional controls. The four horizontal rows of controls in
the upper section are those associated with the lumi-
nance and the three colour channels. The top row is for
luminance, and above it is a group of controls mainly
for black-and-white operation. Monitoring amd test
facilities are concentrated in the lower part of the light-
coloured section. The three main operational controls,
Master Black, Master Gain and Iris, are grouped in
the centre of the operational section. The area at the
left is occupicd by communication facilities, and that (o
the right by the main channel switches,

Operational Control Panel ( Fig. 4)

This can be located up to 500 ft (150 m) from the
C.C.U and carries only the main operating controls,
Iris, Master Black and Master Gain, together with
switches for the channel mains supply, the camera-tube
beams and camera-tube heater supplies. The latter
switch enables the camera-tube heater life o be con-
served during waiting periods without switching off
the whole channel. The panel is snuall enough to permit
four to be mounted side by side in a console desk for
control by a single operator. For case of operation the
Iris and Master Black are combined in a composite
lever control, the control knob for Master Black being
fitted to the end of a lever which controls the Iris.

The stability of performance of the camera is such
as not to require readjustment of the individual colour
chanmel gain controls during transmission; some
organizations, however, prefer to have the controls
availuble at the operational position for correction of
errors in colour in the scene, ns for example, when Iight
riflected from o coloured object in the set falls on the
face of an artist, Provision has therefore been made for
this requirement in the design of the camera, which
also allows further controls to be available at a remote
point if necessary.

Puzcer Supply Unit

The front of the power supply unit carries only the
main on-oft switch and the cable-length control. This
is set according to the length of camera cable in use
and compensates for voltage drop over the cable.




PERFORMANCE

Sensitrvity

The sensitivity of a television camera can be defined in
terms of the amount of light required at a given depth
of focus to produce an output signal of a certain signal-
noise ratio. In the design of the Mark VII camera
particular care has been taken to eliminate all avoid-
able losses in light transmission through the optical
system, and to reduce the noise contributed by the first
stage of the head amplifier, In order to achieve the best
possible noise performance one Nuvistor valve is em-
ploved in the first stage of each of the four head ampli-
fiers. The choice of a valve here, the only one used
in the camera channel, is necessary becanse no transis-
tors are at present available having an adequate low
frequency noise performance.

The camera sensitivity obtained in practice will
depend, of course, on the sensitivity of the particular
pick-up tubes in use, and on other factors which may
vary slightly from camera to camera, Assuming the
use of average tubes, the following gives an indication
of what sensitivity may be expected:

Hiumination: 2350 ft-candles (2,500 Jux )
Soene highlight reflectance: 609,
Mumination colour temperature: 3,000°K
Lens aperture: f78
Peal/peak signal to r.m.s noise ratios (unweighted ) :
Luminance channel : 40 dB
Hed channel: 36 dB
Green channel : 44 dR
Blue channel: 87 dB

The figures relate to the linear condition, that is,
without gamma correction, and also assume that the
aperture corrector in the luminance channel has been
st 50 as to give an effective modulation of 1009, at
#0 lines per picture height. With the iris opened
w f# and the Master Gain increased by 6dB an
scceptable picture can be obtained with 30 ft-candles
(925 lux) illumination. The noise figures are for a
bandwidth of 5-5 Mc/s in the luminance channel and
of 18 Mc/s in the colour channels. By adjustment of
the head amplifier the bandwidth of the luminance
channel can be increased to 6-0 Mefs, with a reduction

of approximately 1-5 dB in signal fnoise ratio,

HResolution

The resolution of the luminance channel is such that
only 2 small amount of aperture correction is required
with an average Plumbicon tube to obtain 1009
modulation at 400 lines. This is achieved by careful

design of the deflection yoke and by operating the tube
with the relatively high-focus electrode potential of
760 V. The vidicon tubes used in the telecine version
of the camera are operated at 1,000 V and give a similar
or slightly better resolution, The video bandwidth of
the channel exceeds 545 Mcfs and thus imposes no
limitation on resolution, In the colouring channels the
resolution that can be realized is limited by the com-
paratively narrow bandwidth of the chrominance trans-
mission chammels, and it is permissible therefore o
operate the Plumbicon tubes at a focus electrode
potential of 250 V.

Image Registration

The outstanding advantage of the four-tube camera,
hoth from the user’s and the designer’s point of view,
is the high quality of the luminance signal and, being
obtained from a single tube, this is unaffected by image
misregistration. Further, since the signals from the
colour tubes do not contribute to the luminance signal,
the registration of the colour images is not required to
be as precise as in a three-tube camera. Even with this
relaxation the accuracy of registration necessary in a
four-tube camera is still very high, It is desirable, in
fact, for the relative image displacement 1o be no
greater than 0-19, of the picture width. In the Mark
VIl Camera a registration accuracy of 0-05%; can be
achieved in Zone I (the central area covered by a circle
of diameter 0-8 of picture height ). No readjustment of
controls to restore registration should be necessary
during the course of a day’s operation, and probably
longer, during which time there may be changes in
ambient temperature and in the voltage of the a.c mains
supply.

It :fill be clear that this performance demands a very
high standard of design and manufacture. On consider-
ing the many factors on which correct image registra-
tion is dependent, it will be appreciated that the permis-
sible variation of any one of them is extremely small.
To illustrate this, the following are some of the factors
which can contribute to a relative movement of a point

in the image from a pick-up tube:
1. Scanning current amplitude
2. Scanning current linearity
3. Centring current

4. Beam alignment current

&, Focus coil current

6. Focusing potential.

Unwanted variations of each of the currents listed
above may occur as a result of changes, due to tempera-
ture or other causes, in the following:




Fig. 5. The rolay cptical system of the Mark VIl colour camera.

1. Resistance of the coil

2. Resistance of the camera cable

4. Resistance of the adjusting controls
4. Source voltage,

Since the centring and beam alignment currents may
be of either polarity in each yoke, the absolute stability
must be very high because any change that affects the
currents similarly will cause the images to move in
opposite directions,

These factors have been studied in great detail and
some of the methods adopted to ensure the necessary
circuit stability are described later. Amongst other
factors which can adversely atfect registration are un-
wanted movement in the optical system and the effects
of stray external magnetic fields. Thus to ensure stabi-
lity of the optical system both the fixed optical com-
ponents and the deflexion vokes are rigidly attached to
a substantial aluminium plate, mounted vertically in
the camera (Fig. 5). The pick-up tubes are in turn
firmly supported within the yokes. To prevent ex-
ternal magnetic fields from causing spurious deflexion
of the camera tube beams the yokes are doubly
screened. In addition, the optical system has been
designed so that the longitudinal axes of the camera

14

tubes are substantially parallel to each other, and ot
the same time the orientation of the images is similar,
With this arrangement any residual deflexion caused
by external magnetic ficlds tends to be in the same
direction in each tube, thus preserving registration,

Cofowr Balance

Particular care has been taken in design to ensure that
correct colour balance can be obtained and maintained
for long periods without the need for readjustment.
This requires that the four channels are matched very
closely and stably in amplitude characteristic, and the
design objective has been to match the characteristics
to within 1%, over the greater part of the dynamic
range. Since all the video amplifiers and particularly
the ganuma-correctors in each video chain can influence
the amplitude characteristic, special cireuit techniques
have been employed throughout. Some of these are
referred to later,

Creametry

The achievement of good picture geometry { the cor-
rect placing of points in the two-dimensional picture
plane) requires good deflexion and focusing yoke




design in order to obtain a truly rectangular image, A
high degree of Tincarity of the Tine and field scanning
currents is also necded, in order that points within the
rectangle shall be correctly placed. Both these aspects
have received close attention in the camera design.

the many details of yoke design that could
be mentionend is the need 1o eliminate coupling between
the field and line defloctor coils. Such coupling can
ciuse spunious deflexion which makes goad geometry
very ditficult to achieve. Having satisfied this require-
ment there remains the skew, or uniform non-recti-
linearity, of the raster due to the unequal effective axial
lengths of the two deflocting fields. ‘This is satisfac-
torily corrected in the Mark VI camwera by controlled
injection of fiekd-scanning current into the line deflector
coils.

Whilst geometry is not mecessarily  required to
be better in a colour camera than in a black-and-
white one, good geometry must be achieved in a
fandamentally sound manner that ensures a closely
iderstical and unchanging performance in cach of the
four images, otherwise image registration will be
sdversely alfected. The geometry in fact achieved in
the Mark VII camera is such that, over the greater
part of the picture area, the location of picture points
is within 19, of picture height of their correct posi-
tions, and any errors do not occur abruptly.,

CONSTRUCTION
Camiera

The main stractural framework of the camera, consist-
ing of base, front, middle and rear sections, is made
from milled magnesium alloy plates, The basic case
can be adapted for both live and telecine operation by
wsing one of two different front sections, which are
bolted directly to the front of the camera. In the case
of the live camera the front section, which is also made
from magnesium alloy, provides the mounting surface
for the zoom lens or single lens adaptor and contains
the two filter-wheels for colour and neutral density
filters. There are also mounting holes provided in the
front for accessories such as prompting devices, ete.
The from section for telecine operation provides a
mounting surface for an optical multiplexer if required,
and also carries two of the three adjustable feet by
which the camera is attached to the telecine pedestal,
the third being at the rear of the camera.

Sheet-metal sidecovers, which are pivoted st the
top and bottom of the camera, open out to give conm-
plete side-access to the interior. The lower covers also

sturdy lifting handles which run the full
length of the camera body.

The complete optical assembly of prisms and relay
lenses, together with the four camera tube deflexion
yokes, are mounted on a substantial aluminiun alloy
plate. This whole assembly is enclosed in a dustproof
cover and is mounted upon two stainless-steel tubes
which run from the front to the rear of the camera and
are righdly attached to the main framework, A lead
screw provides longitudinal movement of the optical
assembly along the stainless-steel tubes 1o provide the
necessary foousing movemaont. It is possible to adjust
focus from outside the camera. In the case of the zoom
lens this is used for presetting of focus, but when a
single-lens adaptor is fitted the Jead screw can be
driven by a Teleflex flexible control cable, with an
operating wheel fitted to the camera panning handle,

The viewfinder is fitred at the rear right-hand side
and is quickly removable to give access to one of the
eolouring yokes for tube changing. To the left of the
viewfinder is fitted a small control panel carrying the
talkback controls, and underncath this is o large door
which provides access to the line-scan and power-
supply units and the remaining three yokes.

The weight of the camera, without the zoom lens but
including the viewfinder, is 1601b (72 kg ). The overall
dimensions of the camera body are 26] in. (67 em)
long, 19 in. (s0cn) high by 18§ in. (34cm) wide.

Camera Control Unit

The C.CU (Fig. 2) is designed for mounting in
cither 19<n. (#8<cm) standard equipment racks or
consoles and occupies 19] in. (49 cm) of rack height.
It consists of two frames, containing the plug-in circuit
mdules, mounted one upon the other, The upper frame
is Tin. (17-8.cm) high and the lower 10§ in. (266 cm)
high. Both are set back from the rack front mounting
surfaces 5o as to accommodate the control panel, which
occupies the full frontal area of the C.C.U. The control
panel is hinged at its lower edge so that it may
be opencd downwards 10 give access 1o the cirouit
modules, Mechanical restrictions are incorporated
to prevent the panel from opening accidentally and
causing damage. Behind the module frames a rear
panel carries all the connectors for the interconnecting
cables. This panel can be lowered, giving access 1o the
internal wiring of the C.C.L.

Pusoer Supply Unit

The PS.U is designed for mounting in a standard
10-in. (48cm) equipment rack and occupies 8§ in.
(22cm) of rack height. The chassis construction
allows a reasonably free path for ventilating air. This
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flg- 6. The maln videa signal pracessing  chassis is supported in the rack by a subframe serving

fireons: of Qi camers e halx. as a runner on which the chassis may be shid during
insertion and removal from the rack. The power supply
main controls are mounted on the front of the unit. The
remainder of the front consists of a removable cover
behind which plug-in printed-wiring boards and preset
controls are located.

THE VIDEO PROCESSING CHAIN

The bleck diagrams in Fig. 6 and Fig. 7 show the
sequence of the main video signal processing functions
in the camera and the C.C.U respectively, The posi-
tions in the chain of the major operational and preset
video controls, and test signal injection points and
monitoring and bridging points are also shown, The
camera channel has, of course, four separate video
chains, and the block diagram is that of the luminance
channel. However, the differences between the video
circuits for the luminance and colour channels are not
very great, and these are shown in Fig. 7.

SET LIMITER

Camera

Referring to Fig. 6, the signal current from the pick-
up tube is initially amplificd by the head amplifier,
mounted directly on each deflexion yoke, where it is
raised to a sufficient level to be passed on to a further
amplifier. This includes a preset gain control for setting
the sensitivity of the channel. The following two units
each contain a special remote gain control arrangement
by means of which the gain of the unit can be controlled
from the C.C.U or O.C.P. The first of these is for the
main operational control of gain by the Master Gain

TS CHAMMEL
GAlN CONTROL
[C.EL)

s
23
o=
Lzo -] s : s
A zo control which is connected to the corresponding unit in
oz o G: all four channels. Operation of the Master Gain con-
= A : S

Sd EE trol thus simultaneously varies the gain in the four

i channels. The second is for individual control of the
= channel gains.

% O3 The variation of gain within the remote gain control
- ] g E = stages 15 by means of a photo-sensitive resistor and
& g ; z lamp combination, the resistor forming part of a video
£ = attenuater. Current for the lamp is derived from a de

control signal originating from the remotely located
gain control potentiometer. Because the photo-sensi-
tive resistor is also extremely temperature-sensitive,
a technique of d.¢ feedback stabilization is employed
which ensures a highly stable and linear control of video

gains. In the case of the Master Gain control this also
& ensures that the gain variation produced in all four

TUBE

SIMULATOR

channels is the same.
The second remote gain control stage is followed by

AMPLIFIER
LOCAL

TEST
SIGMAL

a first clamping stage which establishes the signal d.c
level necessary for proper operation of the limiter stage



which follows. It also removes spurious low-frequency
components of the video signal that might otherwise
cause overloading or intermodulation in later stages.
The limiter stage is similarly included to protect later
stages from signal components of excessive amplitude.
Such a limiter is espr.-rinllv necessary when Plumbicon
tubes are employed, since the Plumbicon does not have
the inherent self-limiting characteristic of other types
of tube, and can produce large-amplitude signals from
scene highlights.
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@ The final video stage in the camera in each of the four
z - i v

= channels is an amplifier of 75 2 output impedance for
EE feeding the video coaxial in the camera cable. It will
i be noted that the operational control of gain is effected

CHUTPUT
AMPLIFIER
SET GalM
BRIDGING

POINT

at an early peint in the video chain. This, of course, has
the advantage that all the following stages operate at a
substantially constant signal level, and no compromise

- . = > g 1s necessary between the choice of a high level to over-
5E = = - ride spurious signals or of a low level to avoid
E g "M% WE Wﬂ E% over-loading. Thus the signals fed from the camera to
v @ i g i the C.C.U are at a constant level of 0-7 V peak to peak.
z . g E g g Camera Control Unit

:‘:ﬂ »—MEE 2% |——e>z_ 5 At the C.C.U video input from the camera cable is
£ § =* 224 the first of the several waveform monitoring points
2= (Fig. 7). Signals from these points may be fed to
_ the external waveform monitor under control of the
« 2 =" g Monitor Wave-form push-button sclector switch on
& ,_wﬁ ii.‘% L an = the C.C.U control panel. Following the monitoring
z & %30 c |2 point is the change-over arrangement for injection of
£ B test signals. This enables the C.C.U performance to

S 1 A g be checked independently of that of the camera.
: = oS E % s |T}]T first C.?.U la:‘:t:lﬁg-;i:i the t‘alllw]—.l :'Zblut:nrrﬁmr,
S5 £ u z which corrects for the frequency-amplitude characteris-
’[g é 53 _MEE ta | £ 'Mg 3 tic of the cable, and is adjustable to suit the length of
) E 8 E: i g cable in use. This is followed by the aperture corrector,
L---_.+ . E'i a stage giving an adjustable and substantially phase-
22 less accentuation of the higher video frequencies, as is
§E i 2 necessary to compensate for the finite scanning aper—
o "b“t'"gg ture of the pick-up tube. This stage is not included in
3§ = the colour channels as the tube aperture loss within the

narrower chrominance band is negligible.

The next block is an amplifier, including a preset
gain control, whose purpose is to provide the correct
signal level for the 'Linearizer’ stage which follows.
The linearizer is a non-linear amplifier that can be ad-

§§ I justed 5o as to have an amplitude transfer characteristic

;g complementary to that of the pick-up tube so that the
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overall transfer characteristic is linear. This facility is
included for two reasons. The first is the need to pro-
Fig. 7. The C.C.U. video processing functions. vide the linear camera channel output that is necessary

17



for certain proposed methods of processing four-tule
camera signals for transmission, The linear signal is
available at the Special Output Socket, for which an
output amplifier of 75-01 impedance is provided, The
second reason for ncluding the lincarizer is that the
linear signal makes it possible to use a particularly con-
venient type of gamma-=corrector which is described
later,

The next two circuit blocks are included only in the
luminanee channel. First is a negative picture amplifier
which provides the facility of reversing picture polarity
and is intended tor use in black-and-white operation of
the camera. This is followed by a remmote gain control
stage, of the type already deseribed, whose purpose
is to vary the video gan as the Master Black control
is adjusted, 50 as to maintain the total video signal
excursion constant. This is achieved by deriving the
d.ccontrol signal from the Master Black control poten-
tiometer, The remote gain control stage is only re-
quired in the lummance channel because the Master
Black control adjusts the black level of the luminance
channel only, Because of the small range of black level
adjustment that is required, and the dominating in-
fluence of the black level of the luminance signal in the
reproduced picture, it is not necessary simultaneously
to vary the black levels of the colour channeds.

An amplifier stage 18 next in the chain with a preset
gain control for setting the correct video level for the
following stages, the first of which is the peak white
clipper, including the main clamp, serving the usual
purpose of preventing the signal excursions from ex-
ceeding peak video level, This is followed by the blank-
ing mixer, in which the correct black level is established
und the system standard blanking durations introduced,

The final processing stage is the gammi-corrector,
@ non-linear amplifier that gives the outgoing video
signal the desired gamina characteristic, The special
circuit arrangement employed has considerable opera-
tional advantages in that the ganmma exponent can be
continuously varied by means of a single control and,
at the same tume, the peak video signal amplitude re-
mains constant. In addition, for greater precision, the
non-linear characteristic is approximated by four linear
segments, instead of three as are commonly employed.
A switch on the C.C.U control panel enables & choice
to be made between two different ganuma characteris-
tics. A presctcontrol is provided for each characteristic,
one having a ganuna range of 04 to 0-6 and the other
O+ o 140,

The output amplifiers in each of the four channels
provide three outputs ut standard level into 75-0

impedance.

CIRCUIT DESIGN FEATURES

Line Scanning

Tht line=scanning generator is of the type employing a
transistor as a switch, with a diode to recover the stored
energy. The scanning current is made very linear by
twao ferrite-cored non=linear inductors. In order to en-
sure identical scanning currents in the deflector coils
of the four tubes it would appear advisable to connect
these all in series, but this is not, however, a practicable
solution. In particular it is very difficalt 1o apply the
individual d.¢ centring currents to each coil, and in the
present instance a higher scanning curvent is requined
for the luminance tube, it having a higher focusing
poterntial.

The output of the line-scanning generator is there-
fore applied to the four deflexion coils comnected in
parallel. To reduce the effect of variations of inductance
of the deflexion coils on the individual scanning current
amplitudes, an inductor is connected in series with each
coil, Part of each inductor is variable for adjustment of
scanning current. Variable resistors are also included
in series with each deflexion coil for the adjustment of
the inductance—resistance ratio to minimize linearity
differences, The effect of temperature on the resistunce
of the deflector coils is compensated by negative tem-
perature-coctlicient resistors contained in the yoke.

A problem encountered in the design of transistor
line-scan generators is that of the delay in the decay of
current in the output transistor when it is switched off
by the driving pulse. The ultimate effect of this delay
is a corresponding delay in the video outputs of the
camera, relative to the timing of the television system,
The delay is temperature-dependent and so cannot be
simply compensated. Another problem is the further
delay caused by the camera cable, affecting both the
d.rwmg pulses sent to the cammera from the C.C.U and
also the returning video signal. This total delay is also
variable, depending on the length of camera cable in
use.

A novel solution to these problems, successfully em-
ployed in the Mark V bluck-and-white camera, is also
used for the Mark VII colour camera. The effect of
both the variable delays is elimmated automatically
and the camera channel video outputs are always cor-
rectly timed. This is achieved by sending a sample of
the flyback pulse from the line-scanning generator in
the camera to a phase-comparator circuit in the C.C.L.
The television system linesdrive pulses are also applied
to the comparator whose output is a signal whose
amplitude is proportional to the timing difference
between the two sets of pulses. This signal is fied toa



cincuit which changres the timng of the line-driving
pulses sent to the camera so as to reduce automatically
the timing #rror to zero,

Fueld Scanning

With parallel-connected line deflector coils it is the
drcuit inductance, relatively stable with temperature,
that determiines the curreit Howing in each coil; in
Fr]ﬂrl-l'wmu'tul fleld coils it is the circuit resistance
that determines the current flow. This resistance, being
largely that of the copper wire forming the deflector
ooil, has a large temperature coefficient, and, as a
result, it is very difficult to maintain oquality of de-
fexion amplitude in the four tbes. In addition, each
deflexion coil crcuit must include electrolytic capaci-
tors of large value for isolation of the individual d.
l‘l'ﬂtl‘lﬂ‘ aurretits. TThese Cajaad Itors are tt=|r||u1r1'turr-

#1n-r|dn=t, hu!h A itance and m series rrﬂ-l-l.:.lh'r.
and affect amplitude and linearity adversely

These ditficulties are overcome in the Mark VII
camera by providing an individoual generator for each

deflector coil to produce both scanning and contring
currents. This method, of course, demands a very high
differential stability in the generators, and this is
achieved by the use of "twin” silicon transistors and
thinfilm resistors. Each deflector coil s fed by a
constant-current push-pull d.c amplifier with a large
amount of negative feedback which stabilizes both the
scanning and contring currents. The ficld-scanning
generators arc located in the C.C.U and their oufpuits
are fed to the dellexion colls over the camera cable

Potver Supplaes

Since the stability of performance of most of the elec-
tronic circuits in & camera channel depends to a large
degree on the stability of the d.c supplics serving them,
the power supply circuits have to be engineerad with
great care and precision,

Altogether eleven different J.c supplics are provided
by the power supply unit for the C.C.U and camera,
ranging in voltage from 150, all of which,
except the + 1,000 ¥V supply, are stabilized and closely
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Fig. & A wiew ol the camera from the other side.

regulated by mcans of transistor regulator units. The
+ 1,000 V supply is stabilized by means of a corona
I'l'glﬂ.lrnr tuhe, For the more eritical supplies the zener
diodes providing the reference voltages for the regu-
lators are enclosed in a2 thermostatically controlled
.

The main de supply required by the camera itself is
5 A at 20 V. Qtis, of course, not practicable to pass such
a high current down the camera cable, which may be
2,000 1t (600 m | long, because of the excessive voltage
loss that would occur. An alternative is to supply a.c at
mains voltage, but this has twa i.ﬁ-r.ni':.'.l|‘|1:.,1g-.ﬂ.: [ TE
being the increase in '-'.'l'ight of the camers caused by
the mains il'-JIL'-'|-Irr'1Hl'!'. rectifiers and nl:l:m!lﬁng Co-
ponents which would have to be incorporated, and the
uther is the risk of spurious deflexion of the pick-up
tubes by the stray magnetic field of the transformer.

I'he method adopted is to supply d.¢ to the camera
at approximately 130 V and to transform this to s0 V
by means of a d.e-to-d.e converter, A novel converter
has been developed for this purpose which is particu-
larly suited for wse in o comera in that it s silent and
L'”H't“}.‘ T Lrans t\ WTTHETS O LI]UEL‘_‘!.
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The heaters of the four camera tubes and of the four
head-amplifier valves are fed from a smooth stabilized
cl.e supply, both to ensure stable operation and to avoid
the injection into the head amplifiers of a.c from the
heater supply.

The power-supply unit can be located at a distance
up to 100 ft {80 m) from the C.CLU,

GENERAL CIRCUIT DESIGN TECHNIQUES
The extensive use of silicon transistor amplifiers with
large amounts of negative feedback has enabled a
performance and stability to be obtained considerably
better than is possible with thermionic valves. ITn most
cases the loop gain existing is sufficient for the net gain
to be almost solely determined by the resistors forming
the feedback network. This emphasizes the need to
employ resistors having stable characteristics.

In critical cireuit positions of this kind it is essential
o use resistors with a low temperature coefficient
of resistivity, in onder to achieve adequate absolute
stability, Where it is also necessary to achieve a high
relative stability, as for example in the relative
amplification of the four camera video channels, the
variation in temperature cocfficient between indivi-
dual resistors must be small. In many circuit positions
high-grade metal-film resistors are used, having tom-
perature cocflicients of about £20 parts per million
per °C,

Considerable use is made in the camera and C.C.U of
sall cireuit modules in which the cireuit is formed by
the thin-film deposition technigue on a glass substrate,*
The process developed by The Marconi Company
vields highly stable resistors having a temperature
coctficient of +10 parts per million per °C. All the
resistors on a substrate are made simultaneously and
hence tend to acquire identical characteristics. Capaci-
tors can also be made by this process, Transistors or
other deviees required to complete the cireuit are
attached to the substrate, and the complete assembly
is enclosed ina simall metal case measuring 146 by 141
by 06 in. (41 by 2:8 by 1-4 cm). Sixty-seven of these
modules are used in the Mark VI channel, 40 of
which are of one type, a multi-purpose video amplifier.

Variable control resistors, particalarly those associ-
ated with image registration, must be both electrically
and mechanically stable and of adequate resolution,
Therefore helical multi-turn potentiometers of low
temperature cocfficient are used for a number of the
more eritical setting-up controls,



nce the camera channel is required to provide full

rmance at ambient temperatures from —10°C
o +40°C it has been necessary to employ tantahum
eapacitors in many circuits, The common
Jess expensive aluminium electrolytic capacitors
suffer from a loss in capacitance and @ considerable
increase in series resistance at the lower temperatures,
' These are used in less-demanding positions, however,
A particularly where large values of capacitance are

 Except for a few special cases, all the electronic
cireuits in the camera, C.C.U and P.S. U are constructed
on printed-wiring boards. This form of construction
has been used in Marconi equipment for a number of
years and has proved stable, reliable and convenient for
muintenance. The physical disposition of conductors
and components is fixed in the original design, and

this is helpful in achieving stable circuit performance,
particularly at the higher video frequencies.
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