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INTRODUCTION OF COLOR INTO TELEVISION

Much of the significance of color in television is striking, even
to the casuel observer., Aside from the most obvious effect, namely,
that color intreduces a sense of reality and a lifelike quality into
the picture, comparisen of a color television picture with the corres-
ponding black-and-white image makes it apparent that not only are small
objects more perceptible, but outlines in generai seem to be more clear-
1y defined, As has been experienced with other media, color in tele=
vision also seems to introduce a certain perception of depth, This is
due, in part, to the increased ability of color to reproduce the con=-
tragts and shadows as well as highlights and reflections in different
hues, while the degree of color saturation which is a function of dis-
tance, strongly enhances the three dimensional qualltys.

It has been found that three pmrs primary colors will reproduce
the many thousands of color shades and tints visible to the human eye,
The three primary colors required are RED, BLUE and GREEN, To obtain
a certain color, we can combine the three primary colors in definite
proportions, Yellow may be derived from an additive mixture of red
and green, which can become orange by adding more red than green to
the mixture, A purple shade would result from an additive mixture of
red and blue, and so on for many different shades. Because this result
is determined by the additive mixture of these colors, the term "Add-
itive" is applied to this method of color reproduection, In color photo-
graphy, the complimentery colors Blue-Green, Magenta (red-blue), and
Yellow (red-green) are used in a "Subtractiveﬁ process, A

In the VERICOLOR system, a small drum containing red, blue and

green color filters, is interposed between the lens of the Camera and

e



the Photo-cathode of the camera pick-up tube, in such manner that any
picture that is picked up must pass through one of these color filters,
At the Color Receiver, a disk having red, blue and green filters is
interposed between the cathode ray viewing tube screen (kinescope) and
the observer, If the color drum in the camera is now oriented so that
all of the picture being televised by the VERICOLOR camera passes, say
through a red filter, then only the red color information in the pic~
ture will be seen by the camera tube, and the resulting video signal
generated by the camera tube, amplified in the Camera and Controi am=
plifiers and passed on to the receiver for viewing on the kinescope,
will appear in its true red color to the observer, if the dipk's red
filter is in front of the kinescope screen, This is also true if the
camera picture is picked up through a blue filter and the resulting
picture is viewed at the receiver through a blue filter, All picture
information that is blue, or has components of blue, willbe reproduced
at the receiver, Again this is true if a green filter 1s used both at
the camera and receiver, all green information contained in thecamera
subject matter Mill'be reproduced at the receiver, in green.

If both the Camera drum and Receiver disk are now turned, in syn=
chronization with each other, and in color phase (1.e, each color at
the camera and reciever used nt the some time), the picture as taken
by the camera and reproduced at the receiver will be a sequential series
of red, blue and gfeen pictures, If they are turned rapidly enough,
the observer at the receiver, in viewing the resulting picture, does
not see three separate images, but merely one, formed by combining all
three in his minds' eye, Image follows image in swift successiocn, and
due to the retentivity of the human eye, all three colors integrate
and blend back into their origihal hues, shades and tints, In the

wG=



VERICOLOR gystem, the color filters change at the rate of every 1/144th
second, in synchronization with the field scanning of the television
system, Thus every 1/48th second, the picture is sequentially scanned
in all three colors on the even-odd-even lines, and in the next 1/48th
second it is again scanned in all three colors on the odd=even~odd
lines, Thus every 1/24th second every picture line has been scanned
in red, blue and green, This is shown diégrammatically in Fig, 1-E.
Since the picture scaﬁning pr&cess is identical to that used in moﬁo-
chrome television, a comparison is shown, in Fig. 1-E

Since it is presumed that VERICOL(R equipment will be operated
under the responsibility of a technically qualified television engineer
of teehnician, this instruction book will deal only with the install=
ation, operation and maintenance of VERICOLOR equipment, To those in-
terested in furthering their technical knowledge of ?olor television,
there are several books available, both at the layman and engineering

levels,

MAINTENANCE PERSONNEL

The maintenance of this VERICOLOR equipment shall be under the
responsibility of a tebpnically qualified engineer or technician.
Lacking an employee of this qualification, it is advisable to contact
an outside firm haying this type persomnel, Employees of local tele=
vision stations, who are engaged in television camera equirmant main-
tenance as their'regular work, are excellent men to have contact with,
The Chief Engineer of a local television station will often help you to
contact such a persone

OZEEATIQQ OF EQUIPKGNT PERSONNEL
The operating of the equipment (front panel controls), can be

4
» 3
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entrusted to persens not skilled, provided that they receive special-
ized training in the operation of VERICOLOR Camera equipment, and leave
the maintenance (and maintenance adjustments) strictly to the Engineer
in charge of the equipment, It usually takes a minimum of three full
days, under the skilled guidance of a qualified television engineer,
to train a person to operate this equipment in such a manner that a
smooth program, both video and audio wise, will result, It is not
difficult for an inexperienced operator to completely ruin the expen-
sive Image Orthicon camera tube, within a very few minutes of improper
operation, It is preferable to train the operating personnel right at
the VERICOLOR installation, and under the conditions which the equip=

ment will work,
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WARNING

THE VOLTAGES FMPLOYED IN THIS EQUIPMENT £RE SUFTICIENTLY HIGH TO
ENDANGER HUMAN LIFE AND EVERY REASONABLE PRECAUTICN HAS BEIN OBSERVED
IN DESIGN TO SAFZGUARD THE OPERATING PERSONNEL. THE POWER SHOULD BE

REMOVED COMPLITELY BEFORE CHANGING TUBES OR MAKING INTERNAL ADJUSTMENTS.

10.

11.

12.

FIRST AID IN CASE OF ELECTRIC SHOCK

PROTECT YUURSELF with dry insulating material

BREAK TiD CIRCUIT by opening the power switch or by pulling the
victum free of the live conductor.

DON!'T TOUCH VICT®M WITH YOUR BARE HANDS UNTIL THE CIRCUIT IS BROKEN

LAY PATIENT ON STOMACH, one arm extended, the other arm bent ut
elbow. Turn face outward resting on hand or forearm.

REMOVE FALSE TEETH, TOBACCO OR GUM from patient's mouth.
KNEEL STRADDLING PATIENT'S THIGHS.

PLACE PALMS OF YOUR HANDS ON PATIENT'S BACK with little fingers
just touching lowest ribs.

VITH ARMS STRAIGHT, SWING FORWARD gredually bringing the weight
of your body to bear upon the patient.

SWING BACKWARD IMMEDIATELY to relieve the pressure.

AFTER TWO SECONDS, SWING FORWARD AGAIN. Repeat twelve to fifteen
times per minmute.

WHILE ARTIFICIAL RESPIRATION IS CONTINUED, HAVE SOMEONE ELSE:
(a) Loosen patient's clothing
(b) Send for doctor.
(c) Keep patient warm.

IF PATIENT STOPS BREATHING, CONTINUE ARTIFICIAL RESPIRATION.
Four hours or more may be required.

DO NOT GIVE LIQUIDS UNTIL PATIENT IS CONSCIOUS.



EQUIPMENT DESCRIPTION ! WEIGHT SIZE HEAT DISSAPATION

POWER SUPPLY 335 LBS. | 25" X 26" X 223" =1 KW

CAMERA 41,5 LBS,| 23" X 74" X 63" =N50 W

156 LBS. 284" X 20" X 19" > 750 W

CAMERA CONTROL
CONSOLE

.. TABLE NO, 1
MECHANICAL SPECIFICATIONS

TECHNICAL SUMMARY

Output Signals

Picture Video TeSpONSCesssscsssssvesssanssssslniform to 10 mes % 0.5 db

Uniform to 12 mos — 3,0 db

Picture oﬁtput 16Veleveevsionsssssansled volts max, across 75 ohm load
(with 30% Syne) 1.0 volts max. across 50 ohm load

(volts are peak to peak)
Program Audio TeSPONSCesssssessssivsssssscsl50 CoPesa to 10 ke # 3.0 db
Program Audio 1eve1.......;........- 18,0 db max, across 500 ohm load
Intercom Audio TESPONSCeecsssssssecnsesvesseel50 CoPess to 6 ke ¢ 3 db

Intercom Audio 1eve1.....;..;..;....- 14.0 db max, across 125 ohm load
: Pire Sl
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TECHNICAL SUMMARY (Continued)

Input Signals

Camera No, 2 input " 1,0 volt, peak to peak across 75
level (for mixing '."...'.."'.....;hm input, black negative, no Sync
Peak to Peak

External Sync Signals Signal Volts Level Polarity

required for dual or HORIZ. DRIVE 4 minus

multi-camera operationessss«VERT. DRIVE 4 "
COLCR DRIVE 4 L
COMP. BLANK'G. 4 "
COMP, SYNC. 4 "

Horizontal Scanning freqUeNntYyesecesesessacsasssasssssssea2d,160 CoDase
Vertical Scanning frequencyssssecssssssssseesldd CoPesSe interlaced 2:1
Complete color picture repetition ratessesssssesserescesssnssl CoPeSe

Color sequence...................-...u......uu...uuRed"blue"gI'een

Le verage The area, and the horizontal angle covered by the stand-

ard lens supplied with the equipment, is as followsi

gam L35MM -
Horizontal angle 21,2 12,20 5,8°
(Vert, angle = .75 horiz. angle)
Lens to subject = 4 fect HORIZ.= 17.,5" 10,25% 4.8"

(average for oper. room use) VERT.= 13," 77" 3.6"

Multiﬁiy the LENS-TO-SUBJECT

distance by the following faétor, ,365 o214 ol
to give horizontal coverage.

System Image magnification

(sdze of object on screen vs. 57 1,0 2,0

true object size) -2



TYPE NO,

CAMERA CONTROL CONSOLE

Camera Control
Unit

Sync Unit

Scan Unit

CAMERA POWER SUPPLY

1X2

.3

3RP1_CRT

1

SRAGY

SVL

820
64K5

1
Orthicon)

=3

64L5

*

6405

6AU5

A O =

6AK6

6AU6

6AS6

6457
6J6

B 3 o [ [ Ao [ fon

654

6SL7

7RP, _CRT

12AT7

12A07

L

N A (= =N

124X7

= |00

VR-75

VR~150

Totals

34

21

o

32
¥ CHANGED

70 6AGS

TABLE NO, 2

Vacuum tube complement of the Vericolor Equipment

ELECTRICAL CHARACTERISTICS

TOTAL POWER INPUT

A,C. Power Input = 60

WORKING LIMIT
UNDER_FULL LOAD

Lowest
NORMAL
" Highest*

cps

190
208
240

VOLTAGE
BETWEEN PHASES

three phase

PHASE #1
CURRENT

8.5
9.6
11,0

4_ Wire IIY"

PHASE #2
CURRENT
2'7
3.0
bel

PHASE #3  POWER

CURRENT  ,84pnf
2.7 1400
Lok 2350

* A supply voltage exceeding 230 volts is not recommended because of shorten-

ed vacuum tube life,

A3~

The above table shows the range over which the Vericolor




equipment will work satisfactorily, with only minor adjustments to

the gain and brightness front panel controls.

Basic Vericolor Csmera Fquipment Supplied

Vericolor
Stock No. Quantity Description

1 Camera

7 82 mm Wollensak lens F 3.2

1 135 mm Wollensak lens F 4.5

1 9" Dallmeyer telephoto lens F 4.5

1 Camera Control Monitor

i ) Camera Control External Power Supply

2 Brush type BL-2 program microphones com-
plete with 35! of cable & modified connecters.

2 Inter-com Head-sets, type Western Elec.
#52AW, complete with 6' of cable & connectersa
The following Cables, with Connecters:

25" Camera Cable, 32 conductor, camera to console.

251 Power and Signal Cable, 24 conductor, console
to wall receptacle.

6! Power Supply output C,sble, 8 conductor, from
Power supply to wall receptacle.

6! Power Supply input Cable, 4 conductor, from
external AC supply box or receptacle to
Power Supply.
The following Wall receptacle plates, sup-
plied with receptacle connecters.

1 24 conductor receptacle, mounted on two gang
cover plate, for wall mounting.

1. 12 conductor receptacle, mounted on two gang
cover plate, for wall mounting.

[ / conductor receptacle, mounted on single

gang cover plate for 4 X 4 box, for wall mount'g.

wly-



VERICOLOR TELEVISION

I, This manual is intended to describe the operation,
circuit theory and maintenance of the Remington Rand-C,B.S.
Vericolor Television system in sufficient detail for proper=-
ly trained personnel,

II. The Vericolor Television system was designed and mants
factured for industrial and medical application, The equip-
ment and accesories necessary for producing a composite
color television signal at either a fixed or mobile loca=

tion, is shown in the block diagram of fig, l.

VERIGOLOR
COLOR
CANMERA
— RECEIVER
OPERATORS INTER~-COM, = 69
CAMERA | T0
= e S 5m
! SIGNAL CABLE REC'VRS.
i
CAMERA CONTROL ! FERES
NMONITOR 1 o
N i .
g\e OPERATCRS ‘ [_rom & L ﬁjﬁﬁ -
e SIGNAL CABLE | POWER
DISTRIBUTION d/ - e
BOX 3 Ph,' 60 CPS
dam by 4 WIRE 1.8 KW
. POWER, SOURCE

Block diagram of Single Vericolor camera chain,
5=
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INSTALLATION OF EQUIPMENT

CONNECTING UNITS

Set camera tripod on dolly, as shown in fig. 2, or use chain
between legs of tripod to prevent tripod legs from spreading,

Adjust tripod legs for desired height, and tighten adjust-
ing knurled ring nuts,

Set pin in middle hole and tighten pan-tilt head friction ad-
justments,

Pull camera cable connector up through middle of tripod and
pan-tilt head, and plug into base of camera,

Set camera on pan=tilt head, using two puide pins on nin~tilt
hond os puides Serew in the captive scrovs into tepred opening
in busc of cunoras )

Place Cemera Control Monitor on convenient table and connect
other end of "camera cable" into appropriate receptacle, back end
of chassise

Connect "Power and Signal Cable" into appropriate receptacle,
back end of Camera Control Monitor chassis, and connect other end
to "Power and Signal Distribution Box",

Connect "Power Cable" to "Power and Signal Distribution Box"
and "Power Supply Unit",

The ON-OFF-REMOTE switch, located on the Motor Generator Con-
trol panel, should be in the "OFF" position; until ready for test,
Connect Power Cable to Power Supply and to a 3 phase 4 wire 208
volt power source.

: If unit is being used for the first time, remove end cover
of 48 cycle motor generator, and snap power switch to ON and then
OFF, .Nofe direction of armature rotation to see if it corresponds

to arrow marking on motor generator,  If not, reverse two phase

e
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connections and check againe Every time this Fower Unit is con-
nected to a different ac power supply, this check should be made,

before the camera equipment is put into operation.

Throw ON-OFF-REMOTE power switch to the "REMOTE" position,
and the camera equipment is now ready to be turned on and con~

trolled from the camera Control Monitor,

REMOTE CONTROLLED PAN~TILT HEAD

The remote controlled pan-tilt head, shown in fig, 3a, is
useful for those camera locations where camera space is a limit-
ation, such as in an operating room, or where the camera location

is in a hazardous location, such as in a Jet flame testing lab,

The remote control pan-tilt head can be mounted directly on-
to a tripod pan-tilt head, as shown in fig, 3a, or onto a "V"
type bracket that may be attached to a wall or ceiling, and it
also may be attached to a special pipe coupling to overhead
tracks that are used for hospital operating room lights. Special
Operating Room lights (now being manufactured by the WILMOT=CASTLE
Company) have been designed to accomodate the camera and Remote

Control unit, within the light housing.

Installation of Camera on Remote gpnt;ol Init

Locate Camera Tilting Head and Panning Head so that the two
white dots on the side of each are adjacent, Screw in locking

pin,  With the camera cable removed, the camera is placed on the

o



Camera Tilting Head in the position shown in fig, 3a so that it
slips over the two Locating Pins, Unscrew camera Locking Screw
and fasten camera to Adaptor Plate with four #%.- 20 X 3/8 long
filister head machine screws provided for this purpose, by rotat-
ing camera and inserting each screw in turn from the bottom, Ro-
tating the camera clockwise approximately 120° to the third index-
ing position the cable connector can now be inserted into the cam=
era, Rotate the camera back to the operating position as shown

in fig, 3a and fasten camera Locking Screw, Unscrew Locking Pin,

The camera is now ready for use,

Servicing of Camera on Remote Control Unit

For service maintenance or adjustments on camera when it is
mounted on the remote control unit, orient tilting head and pan~
ning head so that the white dots on the side of each are adjacent,
such as shown in fig, 3b, Screw in Locking Pin, Unscrew camera
Locking Screw and rotate camera clockwise approximately 90° to
the second indexing position where an audible click will be heard
when it hits the right position, Serew in camera Locking Serew

to lock this position., The camera can now be opened for adjust-

ments or servicing. This is shown in fig, 3be

MULTI-CAMERA OPERATION

When three or more cameras are to be used in a system there
are advantages, both economical and program-wise, to using one
"Synchronizing Signal Generator" to provide triggering, blanking

and Syne, pulses to all gamera chains,
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necessary for each signal to each camera chain,

wire cabling is shown in the block diagram of fig, 4.

In using an external Sync. Generator, Isolation Amplifiers are’

The additional

VERICOLCR VERICOLOR VERICOLOR
CAMERA CAMERA CAMERA
CONTROL #1 CONTROL #2 CONTROL #3
swe st sme 7
SIGNAL SIGNAL SIGNAL
CABLE CABLE CABLE
O
, IS0 #1
SYNG :“"", 150 #2
GEN, o
g"";' IS0 #3
115V l
1 POWER TELEVISION
SUPPLY = POWER
1KW k SUFFLY <— NASTER
60 CYCLE
4 CONTROL
' ROOM

FIG, 4

Block diagram of External Sync. Signal feed to

three camera chains,

For Industrial Color TV equipment that may be moved from room

to room for successive camera pick-ups, it is not too practical to

feed External Sync,.Signals in a "Scries" fashion, as done between

aamera d¢hains in a television studio (i.e. one isolation amplifier

feeds three camera chains) because of the interference to other cam-

era chains on the same Sync. line,.

External Sync, Signal+ required to operate the Vericolor equip-

ment, 1s given in the "Technieal Summary"
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IWO_CAMERA CHAIN

Two eamerzs may be worked together in such fashion that the
signal provided to the receivers will be from either camera, the
fading from one camera picturec to the other camera picture being
done by tho camera control operator, This makes for smooth pro-

graming of local and remote camera pick-up points. This ean not be
done however, unless one of the Camera Control units has been mod=-

ified to supply Sync. Drive signals tho the other Camera Control,
or an external Sync, S_ignal Generator is used to st;pply Synce Sié-

nals to both Camera Controls, as shown in fig. 5.

VERICOLOR VERICOLOR
CAMERA #1 CAMERA “#2
. CAMERA < CAMERA
= CABLE CABLE
e COLOR
VERICOLOR VERICOLOR
CAMERA , CAMERA RECEIVER
CONTROL #1 CONTROL #2
Wy T BYNG, ) ,
POWER & __.| ! ' \ | —_ FOWER & ~
SIGNAL P M ) SIGNAL 6 ¢
CABLE e B ettt ' CABLE —
VIR T
SPECIAL > RECE : REC'VRS.
_POWER _FOWER SIGNAL CABLE
DIST, CABLE "CABLE ~ I
BOX ._L“
VERICOLOR
POWER SUPPLY
#2
[ 3 ¢ 4 VWIRE
60 'CPS 4KW POWER
FIG. 5

Block diagram of two Vericolor Camera chain hook-up,
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NOTE _ON MULTI-CAMERA CHAIN INSTALLATIONS
It nay be said in general, that planning a large television

installation requires as much thought as planning a television sta-
tion, and requires the services of an engineer having this experience,
There are many problems associated with this type installation, such
as location of Television Master Control, proper inter-floor duct
wiring, proper light illumination for csmera pick=-up and air condi-
tioning necessary. Remington Rand can provide this service when

the requirements are known.

INSTALLATION AND PRELIMINARY OPERATION OF “oonsorE

7" Kinescope tube installation
Remove kinescope shield from the face plate in the following

manners: )
a = loosen two knurled screws which

fasten the shield to the face plate,.
" b = 1ift shicld out of the channel which
supports it on the underside,
Place kinescope tube inside of shield so that the high voltage pin

is centered in the circular cut-out that existes in the shield,.

Replace entire assembly (shield and tube) by setting the lower lip
of the shield into the channel provided and refasten the two knurl-

ed screws,

Plug socket on to base of kinoscope, .

Plug high voltage cap into high voltage pin of the kinescope, .
Image Orthicon tube installation

Open the front end of the camera by unscrewing the two large
R 0



screws near the pilot lights, and twist the whole front gssembly
up and out,

Open the back end of the camera by pressing in the two side
cateh-release buttons and gt the same time twist fear cover up-
wards and out,

With the left hand steadying the camera, twist the Image Orthi-
con tube mask in a clockwise direction and pull it out.

Insert the tube, with the white marker near the rear socket
facing upward, and the white marker on the face df the tube point-
ing downward, As an aid in locating the white marker near the
base of the tube, a pilot hole is provided in the sprayed bakelite
tubing at the rear of the yokes

Insert tube into ¢oil assembly, and then with the left hand
supporting the base of the tube, and the right hand supporting the
front of the tube, gently move tube around until the largé shoulder
pins slip into the shoulder socket, Extreme care should be taken
at this point, as forcing the tube into position may damage the
shoulder pins beyond repair,

Clean face of Image Orthicon tube with good grade of lens tisw
sue, Insert tube mask in front of tube, by first locating the large
pin slot on the mask and then matching same to the large pin, Turn
counter clockwise until mask clicks into.position, Make sure no

finger marks remain on face of tubes

Preliminary adjustments

Make certain all interconnecting plugs are aligned properly
and screwed in tightly.

During the following adjustments, the camera lens should be

capped and the camera BEAM and TARGET knobs on the camera control
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left in their most counter-clock:;ggition, and the "IMO HORIZ.
SIZE" and "IMO VERT. SIZE" controls left in their maximum clock-
wise position,

Turn the power on by slightly rotating the "BEAM" control knob

until a switch click is heard, Leave thie control in this posi-
tion.

Turn S~1 on the Power Supply Unit to read "AC INPUT", and tﬁen
turn S=2 until the AC voltage as recad on the meter reads between
115 and 120 volts,

About two minutes after the power has been turned on, relay
S=1 will close, supplying plate supply power to the regulator tubes.-
S-1 should now be turned to read "E OUTPUT" and R30 adjusted with a
screw driver until the voltage on the meter reads-} 280 volts,:

S=1 should now be turned to "I TOTAL", and an approximate read-
ing of 5 X 200 ma = 1 amp should be rcad from the face of the meter,
if everything is working normally, The individual condition of each
regulator tube can be checked by turning S=1 to those indicated po~
sitions,

At the camera control console, left side, the push button
switch SW-1 should be used to check + 280 volts, + 150 volts, =~ 150
volts and A8 cycle line voltage output of the M.G. set, which should
read between 115 and 120 volts, on the meter directly above the push~
button switch,

The IMO FOCUS CURRENT should now be checked by pushing in the
appropriate push~buttony and the current read directly on the meter,

g SCREW
adjustment can be made by rotating R-186 control, which is a,driver

- control located adjacent to V30 (under kinescope shield) on the main

chassis,
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With the Monitér Selector switeh button (Front panel under scope
tube) pushed in at the "PRE~AMP" position, turn the "MONITCR ERIGHT~
NESS" control clockwise until a raster appears on the face of the
kinescope, and adjust "MONITCR FOCUS"™ for sharp lines.

If Monitor raster appears to blink in and out,vor slip vertdcal-
ly, the Step Counter circuits in the Sync Generator chassis, are prob-
ably not counting properly and should be adjusted, This can be quick=
ly checked with the Monitor Selector switch buttons marked 5 X 3 and
9 X 9, and observing the oscilloscope pattern, and comparing with Fig, 6

below,

® s o 0 0 000w

.oojq» e e o 0 @

semes e ::'O.

© e s 0 s s 0 06 L
L 8 & & & o & o & o

@ e e 2 o 0 o s @ A

¢ 9 ° o ¢ o 9 v g

e o ¢ s o v o 0 e

® ® ¢ 3 8 s 9 s e
20X 9X9 5X 3
(e) (b) (a)

FIG, 6

If counters are out of adjustment, proceed as follows:

a) Turn "SIKO LOCK" switch on front panel OFF (Counterclock=
wise)

b) Slide Console cover off, so that inside controls are acess~
ibles Counter Controls, marked 3:4, 5:1, 9:1 and 2:1 are
mounted on the tep of the Syne Generator chassis, facing

left.
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¢) With Monitor Selector switch button marked 5 X 3 pushed
in, adjust controls marked 3:1 and 5:1 until 3 dots are ob-
tained vertically and 5 dots are obtained horizontally, on
the scope as shown in Fig, 6a.

d) With Nonitor Selector switch button marked 9 X 9 pushed in,
adjust controls marked 9:1 and 9:1 until 9 dots are obtain~
ed vertically and 9 dots horizontally, on the scope as shown
in Fig. 6b,

With the SYNC LOCK switsh off,turn MONITOR COLOR PHASE knob clock=-
wise to turn on Monitor Color disk, Looking at the raster through the
color disk, the disk filter shape should appear steady or very slowly
drifting, If the filter disk appears to be drifting pass the raster
at a rate greater than once every two seconds, it is advisable to adjust
the Master Oscillator closer to 58, 320 c,p.S», Thils can be done quite
easily by turning the tuning slug adjustment on the Master Oscillator
(L~1) coil until the disk filter appears steady, This adjustment is
near the middle of the Sync chassis, on the same side as the tubes,

a small screw driver is required.‘

Turning the SYNC LOCK swiﬁ#h on (clockwise) should result in a
steady raster and eolor disk speed,

If Monitor Raster lines appear scrambled or jagged, the 2:1 count-
er may be out of adjustment, Usually this condition is accompanied by
a high pitch audible tone, A By pressing in Monitor Selector button
marked 2X and adjusting 2:1 counter control on Synec Chassis so that
scope pattern will lock like Fig, 6-c, this condition will be remedied,

Adjust the aspect ratio of the raster by using the "MON VERT, SIZE"
controls found on the right side of the unit, after the console cover
has been slipped off. The "MON HOR. SIZE" control is a tuning slug ad-
justment, and will require a few turns in either direction before a dif=-

ference in size is noticed,

If the raster size is adjusted so that top, bottom and sides
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are just visible within the mask opening, the proper aspect ratio
will be obtained, and at the same time much service informetion can
be had by observing the edges of the raster when making camera scan-
ning and Sync. Generator adjustmentse

Punch in Monitor Selector switch button marked "COLOR MIXER",
and then adjust "BRIGHTNESS" control until the pedestal height (see
fig, 7) is aprroximately one-quarter of an inch high on oscilloscope

sereen (wave form monitor),

o9 NORMAL
VIDDO SIGNAL
i AMPLITUDES
¥ ¥ SOV

TR ser-ve
=1 104 SET-UP
) W FOR FROGRAM
. PEDESTAL AD-
- \ ’ E EE JUSTHENTS NOT
L - NORMAL
‘1/ CORRECT HEIGHT

a) T . | --—————'l—[—" FCOR PEDESTAL
l " “ I.. _——— e - STMENTS
RED BLUE GREEN .
FIELD FIELD FIELD

PEDESTAL
HEIGHT
SWEEP SEL. SW. LOW SWEEP_SEL. SW. HIGH
FIG, 7

Wave form monitor signal for color mixer position.

If pedestal heights for the red, blue and green fields are not

even, as shown in fig, 7b, adjustment of the RED, BLUE and GREEN
-15=



BRIGHTNESS controls will make either fiocld equal to the others
(When all fields are equal, the raster on the kinescope will be
white when viewed through the rotating color disk), As will be
noticed, there will be an amplitude interaction between the main
BRIGHTNESS control, and the individual red, blue and green bright-
ness controls, It is advisable to keep the individual brightness
controls set near their center position, and use the main BRIGHT=
NESS control for the final 10% set-up level, as shown in fig, 7c.

With'normal 10% BRIGHTNESS or what is sometimes called "FEDES=
TAL" set-up, the MONITOR BRIGHTNESS control can be adjusted until
the "BLANKED" edges of the raster just "black out',

Rotate the following controls to an approximate 12 o'elock

position,
TARGET ORTH FOCUS
IMAGE FOCUS MULTI FOCUS
VIDEO GAIN RED, BLUE AND GREEN GAIN

Rotate the BEAM control slowly clockwise until a signal appears,
The signal should be & number of white spots and erater-like appear-
ing spots, that will swirl or blink as the ORTH FOCUS control is
turned slightly.

After a minimum 30 minute warm=up period, uncap the lens and
set the iris of the lens in use at aboutAf 5,6 a picture signal
should now appeér on the kinescope.

Adjuet optical focus by pushing the OPTICAL FOCUS lever to
either "IN or "OUT",

Adjust the IMAGE FOCUS control for the best picture focus,

Adjust "ORTH FOCUS" control for best picture resolution and

then readjust OPTICAL FOCUS.

Rotate TARGET control counterclockwise until picture gets
T =16
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muddy, then turn clockwise until picture looks clean and clear,
Leave the TARGET control at this particular point of just where

the picture breaks clean and clear, This is usually the optirmum
point for a given scene brightness. At the same time the target
control is being adjusted, the BEAM control should be varied slight=
ly back and forth, so that the whites of the scene being picked up
do not "bloom",

Rotate alignment coil (L~5) in camera by turning gear, and ob-
serve picture on Kinescope, The effect of rotating the coil should
appear as if a searchlight spot is moving across the picture. Leave
the coil at the point where most picture signal appears,

Turn knod on back of pre~amp chassis marked "ALIGNMENT", This
again should have the effect of a searchlight moving across the
picture, Re-adjust L-5 alignment coil gear again, and leave both
adjustments set when the searchlight effect appears to be in the
center of the picture.

WARNING It will be noticed that any bright object being
televised, will tend to burn in, if the camera is aimed at it for
more than one minute. This will be noticed as the camera is panned
around to other picture material, The IZmage Orthicon tube is a
very sensitive tube, and as such, can be completely ruined if a
bad burn-in is allowed, It is common practice among television cam-
eramen, to either re-aim the eamera every 30 seconds or so, or con-~
tinuously pan slowly back and forth, to avoid burn in, Some tubes
are worse than others in this respect, If the image is allowed to
burn in badly, it is considered by the manufacturer of the tube to
have been mis-used, and therefore not guaranteed. If the burn in

is not too severe, it may be removed or minimized by removing the
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lens and aiming at either the sky, or a very bright light, In
this way a very heavy burn-in, obscures the lighter burn-in detail,
This process shortens the 1life of the tube considerably and the
necessity for it should by all means be avoided.

Preliminary Color Phasing of System

If the colors in the picture appear out of phase, this can be
corrected by following this procedure:

a) Turn VIDEO GAIN counter clockwise to zero,

b) Slightly increase RED BRIGHTNESS control (Clockwise)

¢) Turn "MONITCR COLOR PHASE" control until Kinescope raster
appears red,

d) Return RED BRIGHTNESS control to normal, thus mtking
raster appear white,

e) Turn up VIDEO GAIN control and obsérve picture, If still
out of phase, turn CAMERA COLOR PHASE control until colors
appear normal, If necessary turn control completely off
and then on again to slip color drum 180° phase and readjust.

By this procedure, you have 1) Synchronized the color monitor
disk in the control monitor to the color mixer gain and brightness
controls, and 2) synchronized the camera color drum to both. This
means that when the red filter is being used in the camera, the red
filter will also be in front of the Kinescope, and the video signal
being used will be going through the red chapnel of the color mix-
er amplifier,

Further adjustment of lens opening, Target and Beam controls,
should result in a fair, but not usuable picture, Up to this point
this has been considered as a rough check to see that the system is
working and ready for final system alignment, If no signal has ap-
peared yet, check the following list:

(1) Lens cap should be off,

(2) 1500 volt switch on back of camera pre-amp chassis should
-



be on,

(3) Tubes loose, or not in their sockete The amplifier and tubes ean
be quickly checked with the MONITOR SELECTOR switch, FPunch in FRE-
AMP test button and observe Kinescope and Waveform Scope., Camera
picture should appear at this point as soft and streaking. If not,
open up back of camera and tap the last tube slightly with a pencil,
Microphonic bars should appear on the kinescope picture, When this
section is working properly, punch in CHANNEL button. The picture
should appear quite clean and érisp, with its amplitude regulated
by the VIDEO GAIN control, This traces the signal up to the Color
Mixer stages. To test Color Mixer stages and Blanking or Pedestal
injection, punch in COLCR MIXER button, where the waveforms as given
in Fig, 7 should be visible., Funch in button marked LINE OUTFUT,
where the eomposite video plus Sync signal should be visible, sim=

ilar to that shown in Fig, 10a and 10B below,

Fig, 10a Fig. 10b
SWEEP SEL, SW. LOW SWEEP SEL, SW. HIGH

NORMAL APPEARANGE OF SIGNAL ON WAVEFCRM MONITOR FOR "LINE OUTFUT® POSITION

If colors in picture do not look true, particulorly if the
blacks in the picture appear brownish, it is probable that the
»19=






light source being used for subject illumination has considerable
infra-red energy, This is particularly true of ordinary incandes-
aent room lighting, Photographic or regular infra-red corrected
television 1light sources should be used, No, 2 photoflood lamps
are excellent for setting up the system for test pattern align-
ment and short programs,

When a reasonable picture has been obtained in this manner,
the system will be ready for "Final System Alignment?®, where all

controls are adjusted for optimum performance,

FINAL SYSTEM ALIGNMENT
( AND OPERATION OF FRONT PANEL CONTROLS )

Final Image Orthicon Tube Alignment

A minimum warm-up period of 30 minutes is recommended, with the
lens capped and the HEATEBR switch (back of pre~amp chassis) is in
the ON position. The BEAM control should be in its most counter
clockwise position without shutting the equipment off, the HORIZ.
SIZE and VERT, SIZE controls should be maximum (clockwise), during
the warm-up period, '

It is assumed that during the warm-up period, the monitor color
disk will be color phased properly and the Brightness pedestals ad-
Jjusted for proper set~up, Pedestal heights will drift slightly as
the equipment warms up to normal operating temperature, and can be
re-set near the end of the 30 minute warmup period,

One recommended method of aligning the Image Orthicon (Abbre-
viated to IMO) tube, is to televise a ecolor test pattern that is
evenly illuminated. A photograph of a typical alignment set-up
is shown in Fig..8, The illumination can be checked by sliding a
photographic exposure meter flat against the test pattern surface
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and adjusting the lights until the light reading is reasonably the
same over the whole of the test pattern, In the absence of a rege-
ular television flood light source, two Photoflood lamps, in re-
flectors, placed in the position shown in Fig. 9, will give approx-
imately .100 foot candles of even test pattern illumination, If
the camera is already mounted in an overhead Hospital operating

room light, the tést pattern cen be laid on the operating room table,
and stands used to hold the photoflood lights about four fooit high-
er and four foot away from the test pattern, (If the lights are
used too close to the test pattern, hot spots result which, if elec-
trically corrected for in the system with the Multi-focus and shad-

ing controls, will give a poor picture when the subject is televised.)

8, T2ST PATTARN
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FLOOD LAMP ° ' L . FLOOD LAWP

s P
/
/

e
CANERA X
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Fig. 9
TYPICAL SET-UP FOR TEST PATTERN ALIGNMENT
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Recheck FOCUS CURRENT on meter for correct value of 75 ma., At the end
of the warm~up period, uncap the lens and obtain a picture signal as given
under Preliminary Adjustments, roughly aligning the IMO tube by adjusting
the ALIGNMENT current control and alignment coil position (gear) by cen-

tering the "searchlight" effect,

gethicon Focus

Negatively bias the TARGET (Counterclockwise) until the picture dis-

‘appears. Inerease the BEAM current slightly and focus the white multi-

plier spots with the ORTH FOCUS Control. When alignment is incorrect,

thése spots will swirl across the kinescope. While continuously rocking

the ORTH FOCUS Control, adjust the alignment coil and ALIGNMENT Current
Control until the spots tend to stand still and go in and out of focus,

or sort of "blink" at you, Be very fussy about getting these adjustments
just right, Adjust TARGET Control again to where picture is obtained, and
slowly rotate the ORTH FOCUS counterclockwise until the white multiplier
spots just disappear, but good electrical focus of the picture is maintain-
ed,

Image Focus

If picture is still a bit fuzzy, turning the IMAGE FOCUS Control oﬁe

direction or the other will result in a sharper picture,

Imo Vertical and Horizontal Size Controls
It is most important that a new Image Orthicon tube start its useful

1ife with the proper scanning adjustments, During he first twenty hours
of an Image Orthicon tube's life,'the initial sensitivitf of the target
surface with regard to secondary electron emmission, is very highe Con-

sequently, if a picture is televised and the target surface,is~undefscanned,
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Fig, 1lla

IMO overscanned, Test Pattern
too far from camera,

Fig. 11b

IMO overscanned, Outer ring of
test pattern just touches in-

side of circular target mask,

Test pattern correct distance

from camerac

Fig. 1lc

IMO scanning controls adjusted
correctly, with the inside cir-
cle just touching top and bot-
tom, the outer circle just touch-
ing both sides, thus giving cor-
rect 334 aspect ratio,
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that area of the picture that is scanned by the scanning beam is used up
at a faster rate, and becomes less sensitive, This results in a burned
in mask that prevents the proper use of the tube at any time in the future,

The more surface of thetapget that is scanned, the (1) better the
sensitivity of the tube, thus requiring less picture illumination, and (2)
the picture resolutions capabilities of the tube are increased, giving
sherper images, If tﬁe following procedvre is used, the maximum area
of the target will be used, For the moment, it is presumed that the scan
ning raster on the kinescope is of the proper size i.e. top, bottom and
sides are just visible within the mask opening, and the raster linearity
is proper, as checked in MAINTENANCE.

With the IMO HORIZ. SIZE and IMO VERT. SIZE Controls maximum, the IMO
tube beam will overscan the picture on the targeﬁ, resulting in a circular
grey mask around the picture areas, Focus the Camera on the test pattern,
and dolly the camera from or toward the test pattern, until the outer circle
of the test pattern Jjust touches the inside of the circular grey mask,

Make sure that the test pattern 1s sharply focused optically and electric-
ally (Image Focus and Orth Focus) before leaving camera in.this position,
The picture should be similar to that shown in Fig. 1llb.

By gradually turning the IMO VER., and IMO HGRIZ. size controls}couptg:—
clockwise, - the -IMO picture should be enlarged until the outqg ci;gle of the
-test pattern just touches the outside of the kinescope raster, both vert}—
cg1ly and horizontally, With this adjustment,, the inside edge of the eircular
grey target mask should have just disappeared, The controls should be left
“in this position, sek FiG: llC.

It is important that both the test pattern and camera be level with
each other before the above measurements and adjustments are made, By

sighting through the optical eyepiece, pan across the test pattern, 15
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eyepiece appears to be traveling upwards or downwards as the pan 1s.made,
re-set the Test pattefn. Using a level on Both may be prefergble. If
the test pattern as viewed on the kinescope still does not appear to set
squarely with reference to the raster i.e. the bottom horizontal line of
the test pattern should be exactly parsllel with the bottom edge of the
kinescope raster, the IMO scanning assembly can be turned with respect
to the focus assembly, by pushing the handle located in back of the a-
lignment gear (coil) adjustment either clockwise or counterclockwise,

until the test pattern sets squarely,

Multi Focus and Shading Controls

Proper multiplier focus control setting will give méxi@um signal
with the least shading, With Both HORIZ. and VERT. shading controls in
their mid position, adjust the MULTI FOCUS control for the least amount
of shading with the maximum amount of signal, by observing both the os=-
cilliscope and picture. This adjustment can be most easily set by plac-
ing a clean white piece of cardboard in front of the test pattern, and
turning the SWEEP SELECTOR switch to HIGH.

Observe the trace on the scope closely., If it has some remaining
tilt (or shading in the picture monitor) adjust the HORIZ. shading con-
trol with Sweep Selector switch turned to HIGH, and then adjust VERT,

shading control with switch turned t& LOW,

G = 5 Camera Shading Adjustment

With the Test pattern still covered with clean white cardboard, adjust
control on back of Camera Pre~amp chassis marked G-5 until all corners.
of the picture are free of shading, Ih opé extremé position tﬁis con=
trol will give a type of shading known as a "Fort Hole" effect, Re-

move white cardboard cover and pan the camera until the bull!s eye cen-
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ter of the Test pattern is observed in all four corners of the Kine-
scope raster, The Vertical and Horizontal resolution Wili be slight-
ly lower than the resolution as seen when the bulls eye is in the cen=
ter.of the picture, If not, back off slightly on G~5 until corner reso-
lution improves, and'compensating the. added shading if possible, by re~
setting the shading controls. ORTH FOCUS will have to be re-adjusted
for each new setting of G5, It is quite common to compromise between
shading and corner resolution, However, if the shading or Port hols
effect is very pronounced when reasonable resolution is obtained, slight
variations in re-positioning the Mu metal shields which cover the INMO
tube assembly will improve shading conditions, This can be éccomplish-
ed by removing the mid section camera cover, and loosening the dual
clamp screws, thus allowing movement of the magnetic shields around the
tube, The final choice may require some re-adjustment of Alignment,

Beam, Target, and Focus Controls,

HI-PEAKER (Streaking) Control

When focused on the Test pattern, if black or white streaks appear,
particularly after the lettering, rotation of the Peaker Control (T-16
shaft extends vertically at the rear of the console adjacent to V6) will
correct this conditions Rotation in one difection will cause a trailing
black smear, Rotation in the other directioﬁ will cause a tréiling white
smear, Correct adjustmentvcoﬁpensates the frequency response so that

no smearing appears., If Black and White streaking appears simultaneous-

ly, Target is probably too positive (clockwise).

Target, Beam and Iris

Too much Beam current (clockwise) results in a very noisy picture,

so therefore adjustments should be aimed at keeping the beam current:low,
~25e



Too much Target control (clockwise) resulté in a washed out and
color-splotchy picture, Tke added Beam current re:quired to keep the
whites from bloominé czuse the picture to Become nbisy; énd sofﬁens the
detail,

Aithough colors are very true in reproductioﬁ and good resolution
is obtained, too little Target control results in a dark murky picture,

The optimum Target control settiné is always a function of the ;v-
erage scene illumination, and is theréfore dependant upén the Camera
lens Iris control. For a given setting of the'targef; the beam mqét be
adjusted to just where all the whites are keﬁt from blooming, Any fu%—
thér inerease in Beam conirol setting contfibutes néthing but added noise
signals,

For a given lens opehing (iris) the Target control is.usually tufn-
ed clockwise until the picture breaks clegn and clear, but no furfher.
As the Target control is tﬁrnéd, the Beam control.is also turned but
just enough to keep:the whites from blooming,

To find the opfimum Lens opening and Target control,-proceed as
followss

(a) TFocus on Test pattern or picture material to be tele-

vised, use lens wide open, Adjust Target and Beam for
best picture,

(b) Gredually close lens until colors start to fades Ade
vance Target and Beam setting again for best, picture. -
If colors are not as true or appear murky, open up lens
by one stop and readjust Target and Beam controls,

(¢) Repeat (b) if a good color picture is obtained, The
smaller the lens stop, the better depth of focus field:
will be obtained, However, if .the lems is stopped down
too far, resolution will be lost and colors will appear
murky, :

If a wide range of scene lighting must Ee aécomodated; witﬁ no op=~
portunity to change the settiﬁg of the Iris control, Adjust the lens openr

ing for the scene having the lowest amount of 1ight (largest lens opening)
-26;



and carefully readjust Target and Beam controls when panning to the
brightest scens, Brightness pedestal will also have to be readjusted

under such conditionse

Brightness Controls & Reference White

With the VIDEO GAIN Control set to zero, the Red, Blue and Green
brightness pedestals should be adjusted until the kinescope raster
shows a good white, a white that looks the same as the white being
televised; Since these pedestals tend to very slowly drift at times,
particulariy the first hour that the equipment is on, it is impor=-
tant to check these pedestals occasionally. Otherwise it might be
found that the overall picture suffers from a green, red or bluish
haze effect, particularly noticeable on dark scenes,

The preliminary adjustméntg given on page 15 and shown in Fige 7
are sufficient if careis taken, If the SWEEP SELECTOR switch is
turned to HIGH’ the red, blue and green pedestals are superimposed,
and if the adjustments are made go that each pedestal falls exactly
upon the others, a white of approximately 40000 Kelvin temperature
will result, ‘If the oscilloscope trace pattern is thick, it is pos=-,
sible that fhe pedestals will not superimpose accurately, with the
resuit that the white raster may look pinkish, greenish or bluish,
Some operators use a fluorescent desk lamp, fitted with a 3500° K or
£4500° K lamp bulb, sitting nearby for their notes and schedule sheets,
and use a white piece of paper under the lamp to see whet their white
raster should look like, This serves as an excellent reference be~
cause sometimes one finds that as the program progresses, your idea
of white may drift to slightly pink, blue, or green and you adjust
the control accordingly. The reference light source will correct this,
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and also serves equally well for a reference white when the eolor
Mixing Gain Controls are used,

As suggested on page 16, and shown in Fig, 7ec, it is adviseable
to keep the individual red, blue and green Brightness Controls near
their center position, and use the main BRIGHTNESS Control for the
usunl 10% set-up level, The 10% set-up level is a precautionary lev-
el to keep the video signal from dropping down into the Sync-Signal
region (in case of poor de insertion), and causing the receivers to

Synchronize badly,

Red, Blue & Green GAIN Controls

By adjusting the Red, Blue and Green GAIN Controls, the pieture
can be adjusted to give a very true color rendition of the original
scene being televised. Generally speaking, the three controls are
usually worked between their mid and extreme clockwise postions, and
at a point where any white object in the scene appears as he same
white on the color monitor picture, With some white $m the piéture,
it will be noticed that the red, blue and green signal amplitudes
are almost identical, This can be observed on the oseilloscope with
LOW trace sweep (see Fig, 7d). The -red video information is first,
then blue and then green, With the Monitor switch button marked
"Color Mixer" pushed in, the signal amplitudes should be in the order
of 75 volts, peak to peak (3/4" vertical deflection on gseilloscope),

It is seldom necessary to turn the color gain control knobs
after the initial adjustment for white, There are occasiomi: where
it is quite necessary however, such ass:

e) TWhen panning from one scene to another scene where

a difficult temperature light source is used, For
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example, when televising a surgical operation where all
of the illumination comes from typical operating room
(6000° K temperature) lamps, and the camera is then pan-
ned over to a medical chart illuminated:with a white
photo flood (3400° K) lamp, the picture will appear slight=
ly red because of the lower light temperature, Slightly
turning the red GAIN Control down, will correct for this,
b) To attenuate certain colors. For example, to minimize
the effect of poor facial make-~up on close up scenes,
¢) To emphasize certain colors to make certain picture de=
tails more noticeable. This is particularly useful on
Medical Clinic subjects, Also used for artistic effects--
moonlight scenes, dark room scenes, ete.
d) For exacting color match to the original scene as closely
as possible for technical perfection, such as required for
. obgervance of jet flame for qombustion adjustmehts, or col=-

or fabric material compariscns , ete,
Video GAIN Control

This control regulates the amount of video signal fed into the
console from the Camera, and should always be adjusted to give a val-
ue of .75 volt, peak to peak (3/4" vertical deflection on oscilloscope),
at the channel amplifier output, If the amplitude of the Video signal

varies during the program, because of lighting or density of program

material ete, this is the control that_should be used to_maintain con=
ggggf video_level, so that the gamma amplifier circult is assured of
a constant input, and the "Color Mixer" and "Channel” test points
have the required o75 volts peak to peak of video to give a good
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bright pieture on the Color Monitor,
VIDEQ LEVEL Control

This control regulates the amplitude of the video signal feed~
ing into the outgoing video signal line, After all other controls
are set properly an& a good picture is obtained, tggg thé picture
signal can be fed to the receivers by turning the controi counter-
clockwise, until 1" of video deflection (1.0 volt peak to peak) is
obtained, riding on top of thé Syne. signals already going out., As
soon as this control is turned, red pilot lamps in the Cemera light
up, indicating to the performer and the camera man that the camera
picture is now ON-THE-LINE and the pieture is being seen at the re-
ceiver, The Scopetrace waveform should now look similar to that
shown in Fig. 10,

The prime purpose of the VIDEO LEVEL Control, is to allow the
Camera Control operatof‘to properly set up his pieture adjustments,
get into proper color phase ete, and not allow these many adjustments
to be seen at the receiver, This control thus allows pre-monitoring
of progreﬁ material to see how it will look before the picture is fed
to the recéiver;, with monitor,swltch button marked "COLOR MONITOR™
being punched in,

The second important use for this control, is to select, if de~
sired, the picture signal from the putput of a second Camera Control
Unit, where two cameras are used for program pick-up, A Thus the pic~

ture from Camera No, 1 or Camera No, 2 can be faded -ifitp the one out-

going signal, both signals being visible on your Color‘Monitor when

button marked "LINE OUTPUT" is punched in,
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A third use is for monitoring the camera picture signal from
another part of the buiiding,tkéir going off thus indicating to you
that you can now fade your picture in,

A common Sync Generator is required for two camera operation.

Sync. Level Control

Allows the level of the Sync signal to be varied,.independent of
the video level. This control is usually adjusted to give .4 volts
peak to peak at the live output (04" vertical scope deflect;on), and
should not be touched once program starts, If touched during pro~
gram the br;ghtﬁess levels at the receiver will vary, |

When the program is fed into another Camera Control unit for mix-
ing (in two camera operation) fhe Sync Control should be set for zero

Sync signal output,

Gamma_Control

This contrecl seleets the grid operating point of an amplifier
tube in such manner that the dark greys or dark color tones are ame
plified more than lighter tones, thus "Stretching the biacks" to com=
pensate for the natural compzessiomof blacks due to the "grid drive
versus light output" characteristic of the kinescope tube, The stretche
ing of the blacks is in addition to some black stretching obtainsd in
the cathode follower impedance of V-32,

All camera adjustments, target; beam, etc, should be done with
the Gamma Control at zero, If after the best of adjustments, pic-
ture tones loék harsh, turning the Gamma Control clockwise will soft=
en the strong shadows, However, depending on picture material, turn-

ing the control fully clockwise may make the picture look washed out
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with no contresds

Lens_Selection and Adjustment

Three lens are supplied with the equipment, and can be selected

by punching in the approppistelens Selector button, The lens are:

1)

2a)

2b)

2¢)

83 mn_£3.2 Wollensak Raptar (coated) in special lens
mount, Will focus on objects from 2 feet to infinity,
The horizontal picture coverage is 21°, The actual
horizontal picture area coverage can be computed by mul-
tiplying the distence between the lens and subject by
+36. For example, if the center of the object being
televised is 10 feet from the lens, then .36 X 10 = 3,6
feet total horiz area will be covered, or objects within 1.8
feet either side of the object, will be picked up,

135 mm f4.5 Wollensak Enlarging Raptar (coated) with
special sleeve mounting, This sleeve mounting has one
holedrflled so that when the lens is slipped in correct=-
ly, a latch pin will fall into the hole, thus locking
the lens in place so that focusing from 4 feet to in~

finity can be accomplished,

MAKE CERTAIN THAT LATCH PIN IS IN HOLE AND TENSION IS
TIGHT ON LATCH SPRING BEFCRE PLACING CAMERA IN THE OP=

ERATING ROOM LIGHT, TO AVOID SERIOUS ACCIDENT,

The horizontal picture coverage is 12,9 The actual
horizontal picture area coverage can be computed by
multiplying the distance between the lens and subject

by «21 For example, if the center of te object being
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televised is 10 feet from the lens, then 21 X 10 = 2,1 feet, or 1,05 feet
on each side of the object will be picked up.

The lens sleeve for the 135 mm lens may have additional holes drilled
at 3" interval distances to allow extreme close~ups, It is important to
cover the exposed holes with tape to prevent light leakage if the camera
is used within the lighted ares of the scene being televised, The addition-

al focusing range thus afforded is as followse

Lens full in 21 = 11n %o infinity
2nd hole 2% w b to 61 - 6"
3rd hole 1t - 70 to 3t = 20
4th hole 1t - 4n to 21 - on

3a) 229 mm (9") f4.5 Dallmeyer telephoto (coated) with special sleeve mounting,

This sleeve mounting has three holes drilled so that when the lens is slip-
ed in correctly, a latch pin will fall into either of the three holes,
The outside hole will allow focusing from 3! = 5" to 4! < 8", The middle
hole will-allow focusing from 4! - 1" to 6! ~ 11", and the inside hele will
allow focusing from 6! = 5" to infinity, A knurled screw ring is supplied
on the black tube to fasten the lens securely to the lens mount, Black
tube extensions are available to extend the lens thug allowing focusing
down to within 18 inches of the subjects

3b) AKE CERTAIN THAT LATCH PIN IS IN HOLE AND TENSION IS TIGHT ON LATCH SERING
BEFORE PLACING CAMERA IN THE OPERATING ROOM LIGHT, TO AVOID SERIOUS ACCIDENT,

3c) The horizontal picture coverage is 6°, The actual horizontal ﬁicture area
coverage can be computed by multiplying the distance between the lens and
subject by .1 i.e, at a lens distance of 24 inches, the 2.4 inches is the

total horizontal coverage, or 1,2 inches on either side of center,

Audio Gain Controls

a) Inter-Com Gain control allows the adjustment of inter-com volume to a comfortable
listening level, and its adjustment is dependent upon how many local and remote i
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ter-com phone sets are connected in., Punch test but-
ton marked "Inter-com Audio", talk into headset micro=-
phone, and adjust Inter-com Audio Gain Control until
test meter needle indication hits about the middle
of the scale on peaks, Have microphone about one inch

in front of your mouth when setting this level.

b) No. 1 Microphone Gein Contols the level of either the
Surgeons microphone or No, 1 program microphone. Any
high impedence type microphone having a minimum output
of =46 db can be used, to give a4 8 db line output
signal, Microphone level should always be adjusted to
give a8 db level on the outgoing line, This level
will be indicated on the test meter by reading the sig-
nal peaks at about 300, with test button marked "Pro-

gram Audio" punched in.

e¢) No. 2 Microphone Gain controls the level of No, 2 pro-

gram mecrophone, and is used the same as No. 1 control
aboves
The surgeons microphone is usually enclosed within two layers
of gauze material, and then pinned inside the face mask, slightly to
either side, The miniature hearing-aid type earpiece can be inserted
over the lobe of either ear, The connector cord is usually brought
over the shoulder and safety pinned(to the gown at abuat the middle
of the back, in éuch manner that any slight tug on the conndcting line
will be felt only on the gown, but heavier pnlls_will pull the connect-

ors apart, thus freeing the surgeon agltogether,
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SCREW DRIVER CONTROLS

The following controls can be reached only by sliding the console
cover off, and adjusted with a screw driver, . Most of these controls

should be adjusted only by a qualified technical person,

Camera Control Amplifier Chassis

High Peaker control functions to emphasize the high frequency re-
sponse of the video amplifier, tt compensate for the high frequen-
cies lost in the first video preamp stage, It is adjusted for mini-
mum streeking in the picture, A method of adjusting this control

is explained on page 25.

IMQ_Focus Coil Current control regulates the current flowing through

the IMO focus coil, and, with the test button switch marked "INO
FOCUS CURRENT" punched in; adjusted to give 75 ma.,  This control

(R188) is adjerent to V30, underneath the Kinescope shield,

Coarse Beam Control shifts the range of operating bias for the

IMO grid, leaving the front panel BEAM control et as a ve}nier con-
trol, . If the IMC target cannot be discharged with the front panel
Beam control, shift the Coarse Beam control until it can, . If no
picture appears on a newly installed INMO tube, turn front panel
BEAM control to 3/4 full on, and shift coarse control until target
just discharges. The coarse control (R148) can be located just to

the rear and under the color disk motor,

=150 Volt Regulator Control adjusts the ~150 volt supply voltage
output, Test button marked "~150" should be punched in, and this

control adjusted until meter reads 150 volts, If frequent adjust-
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ments have to be made on this control, have tubes V23, V24 and V26

checked, This control (R164) located just to the right and under

the color disk motor.

4150 Volt Regulator Control adjusts the 4150 volt supply voltage
output. Test button marked"§$l50" should be punched in, and this
control adjusted until meter reads 150 volts, If freguent adjusté
ments have to be made on this control, have tubes V24, V25 and V27
checked,  This control (R172) is located at the rear top of the chas-

sis adjacent to V24,

Color Monitor & IMO Scan Chassis

Scope Horiig Centering control should be adjusted to center the scope
trace in its mid-horizontal position, This control (R118) is located

underneath the chassis, extreme left, top rov,

Scope Vertical Centering control should be adjusted to shift the trace
about 3" vertically down from true center., This control (R116) is

located underneath chassis, second from left, top row,

Scope Brightness controls the.trace sweep brightness, and should be
used in conjunction with the Scope Focus control to achieve a fiﬁe
and fairly bright scope trace line, Adjustments should be made with
Video and Sync‘informatio'n° Varying eithe; of these controls will
vary to a certain extent the =400 volt bias to the IMAGE FOCUS Con-
trol, which should be checked witﬁ signal to see if it is within its
focusing range, This control (R91) is locatéd pnderneath chassis,

third from left, top row.
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Scope Focus- control (R93)-see under Scope Brightness above-- is

located underneath chassis, fourth from left, top row,

|

IMO Vertical Linearity Control (R54) varies the grid operating bias
on the Vertical output scanning tube, thus distorting the output
waveform to counteract the low frequency distortion of the output
transformer, Presuming that the color Monitor kinescope raster is

linear, the control can be adjusted, in conjunction with the IMO VERT,

SIZE control, to make the test pattern cirele round instead of egg
shaped, ,i,e, both vertical wedges should be the same'length. This
control is located fifth from the left-top row~underneath chassis.

By placing an oscillosope across R50 test points, the current wave-
form can be observed, and linearity adjustments can be made until the

correct straight sawtooth waveform is obtained,

INQ Vertical Centering contrél (R49) centers the Image Orthicon verti-
cai scanning and should be adjusted when a new INMO tube is installed,
so that the Bulls eye of the test pattern falls directly in the center
of the target masking (see fig. 11). This control is located third

from the right, top row, underneath chassis.

INMO_Horizontal Peaking control (R21) compensates for the resistance-
inductance ratio of the horizontal scenning coil, To a certain ex-
tent, it can be used for linearity correction for the beginning of the
horizontal trace period (left side of picture), The action of this
control can be best observed by placing an oscilloscope across R30,
and adjust the peaking control up to the point of no "overshoot™ on the
retrace, The scanning current waveform should look like a good straight
sawtooth, with no more than 15% flyback time, This control is located
second from the rightjtop row, underneath chassis, When the oscillo~
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scope is used across these test points, the chassis of the oscillo-

scope will be + 280 volts to ground AND DANGERQUS TO LIFE if due

caution is not observed,

IMO Horizontal Centering control (R 29) centers the Image Orthicon

horizontal scanning, so that the Bulls eye of the test pattern falls
directly in the center of the target masking (see fig, 11) this con=

trol is located extreme right,top row, underneath chassis,

IMO Horizontal Linearity control (L-11), is an inductance with an ad-
justable iron core, used as a part of the filtéring circuit of the
Booster.: tube V=9, By varying this inductance, the plate current sup-
plied to the 6AU5 output tubes can be slightly diatorted, thus alter-
ing the output, The action of this control can best be observed by
placing an oscilloscope across R30 test points, and adjusting the con-
trol until the sawtooth waveform looks stfaight. When placing the
oscilloscope across these test points, the chassis of the oscilloscope

will be + 280 volts to any grounds AND DANGERQUS TO LIFE if due caution

is not observed. This coil is located underneath the chassis and be-

low the large output scanning transformer. The adjustable screw is ad=-
jacent to V9, a,d adjusted from the tube side of the chassis,

Monitor Video Gain control (R66); allows a vernier adjustment, within

limits, of the video gain for both the Color Monitor and the Scope
waveform display, It has been adjusted at the factory sothat a 1 volt
peak to peak video level at the test point, will produce 1" of vertical
deflection, with the scope trace reasonably bright and sharp. This
level also will give an excellent contrasty = color picture on the
color monitor, Adjustment of this control does not affect the out-
going signal, and may be re-set by the operator to give a softer or

more contrasty picture on the color monitor, provided the Vertical
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Scope trace is recalibrated to show if the outgoing signal exceeds 1.4
volts peak to peak, which should always be the maximum output, This
control is located directly in back of the push-button selector switch,

underneath the chassis,

Monitor Vertical Size scanning control (R41) changes the plate volt-

age to the vertical discharge tube V11, regulating the amplitude of

the sawtooth discharge voltage, thus controlling the vertical size of
the kinescope raster. This cbntrol should always be adjusted so that
the visible unblanked raster (punch color Mixer test button in and use
10% brightness set-up with no videé) just barely touches the top and
bottom of the kinescope mask, Adjustment of this contralwill effect
vertical linearity, which can be checked by observing the line strue-
ture closely (each raster line should be spacedthe same) or by punching
in test button marked 9 X 9 and observe the spacing of the counter bars.
However, do not adjust size in this test position. This control is
located underneath the chassis near the top left hand corner of the
hi-voltage cageo

The action of this control can be observed by placing an oscilloscope
across R31 (mounted under kinescope cable plug in socket)s Adjust-
ment should be such as o make the sawtooth waveform linear on the
straight portion, with no more than 6% flyback time, When the oscill— :
oscope is used across these test points, the chassis of the oscilloscope

will be ¢ 280 volts to ground AND DANGERQUS TO LIFE if due caution is

not observed,

Monitor Vertical Linearity scanning control (R39) regulates the value

of sereen grid voltage on the vertical output tube (V10). The screen
voltage shifts the operating range of the tube from linear to non=
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linear ranges, thus distorting the output waveform to counteract the
low frequency distortion of the output transformer. Adjustment of
this control will effect vertical size, therefore both controls should
be adjusted together. This control is located underneath the chassils

near the left middle of the hi-voltage cage.

Monitor Vertical Centering control (R32) can be used to center the
kinescope raster in a vertical direction, Normally, this control is
adjusted in conjunction with the vertical size control, until both top
and bottom of the unblanked raster trace just barely touches the kine-
scope tube mask, This control is located underneath the chassis, at

the bottom-center,

Monitor Horizontal Centering control (R2) can be used to center the
kinescope raster in a horizontal direction, Normally, this control

is adjusted in conjunction with the horizontal size control, until
both sides of the unblanked raster trace just barely touches the kine-
scope tube mask, This control is located underneath the chassis, at

the bottom and adjacent to the high voltage cage.

Monitor Horizontal Size control (1~2) is a variable iron core induct-
ance, placed across part of the secondary t act as a %ariable short-
ing reactence, Because the iron core is mounted on the end of a very
fine threaded screw, quite Q few turns are necessary before a change
in size will be noticed, This control is located through a small hole

at the bottom of the high voltage cage, underneath the chassise
Sync, Generator and Audio Chassis

Scope Horiz. HIGH Sweep adjustment control (R73), is a plate voltage
adjustment on a tightly synchronized multivibrator type oscillator,
wl,Qe
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The range of this control has been fixed at the factory so that from
one to three line intervals can be seen on the scope trace. Usually
two horizontal line intervals, such as shown in fig. 7, give all the
waveform information required. The control is located adjacent to

V26, underneath chassis, bottom centers

Vertical Sync Width control (R147) is used to adjust the Vertical
Synchronizing Signal pulse width, to exactly 3 lines width (102 micro-
seconds) as shown in fig, 12b, See "PULSE WIDTH MEASUREMENTS™ for

a method of adjusting this control accurately., This control is

located underneath chassis in back of Mic #1 input receptacle.

Vertical Drive & INMO Blanking Width has no adjustable control. The
width‘of this pulse has been adjusted at the factory for a blanking
interval of 14 horizontal lines (7% of Vertical Interval) and for
present 12AT7 tube replacements available for V4, no trouble should
be experienced in keeping within the limits as given in fig., 12c,
which is plus or minus 2 horizontal lines, It may be that in later
production runs of the type 12AT7 tube used at Vi, the vertical pulse
as generated by the tube may fall outside the limits given, in which
case R~105 grid resistor can be increased or decreased, to bring the
pulse width back within limitss Several tubes should be tried how-
ever, before this procedure is useds For measuring or making a

width adjustment, see "PULSE WIDTH MEASUREMENTS".

Horizontal Drive & INO Blanking Width has no adjustable controle
The width of this pulse has been adjusted at the factory for a blank-
ing interval of .16h plus or minus ,02h, h being the time required

for one horizontal scan, as shown in fig, 12f, For present 12AT7
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tube replacements available for V1, no trouble should be experienced
in keeping within the tolerance limits. It may be that in later
production runs of the type 12AT7 tube, the Horizontal Drive pﬁlse
as generated by the tube may fall outside the 1limits given, in which
case R26 grid resistor can be increased or decreased slightly, to
bring the pulse width back within limits, Several tubes should be
tried however, and the 2:1 counter control should be in tle middle
of its fall-out-of-count positions, as this control does effect the
width of the pulse slightly. For measuring or meking width ad just-

ments, see "PULSE WIDTH MEASUREMENTS",

Horizontal Receiver Blanking control (R-90) is used to adjust the

Horizontal Blanking pulse width in the final»signal. The pulse width
is purposely made wider than other pulses, to cover up and blank out
of the final signal any interference from clamping pulses or cross- .
talk, The front edge of the pulse automatically starts before the
front édge of camera blanking arrives, dus to camera cable and chan=
nel amplifier delay; and lasts, in time, until after the back edge
of camera blanking disappears,

Since the return trace time of the kniescope raster is roughly
.14h and it is triggered off by the horizontal Sync Pulse which is
.Oéh late, a rough field adjustment of this control can be made by
obéerving the kinescépe raster with blanking pedestal as the only
signal, and turning the control until about 4" of the left hand side
of the raster "blanks out", For a more precise measurement, see
"PULSE WIDTH MEASUREMENTS", |

This control is located underneath the chassis-left middle under

V13 and V1.
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Horizontal Sync. Pulse Width control (R-115) is used to adjust the
horizontal Syno pulse width in the final signal. The Sync pulse is
purposely delayed in time ,02h to form a "front porch', which acts
as a guard against the video signal climbing up a.pgorblanking slope
and getting into the Sync, signal region, which it may do if the
front edge of the Sync. pulse coincides, in time, with the edge of
blanking.

Since the Horizontal Blenking time width is usually always
twice the Sync, pulse width, a rough field adjustment (in case of
V19 tube replacement) can be made by observing the "LINE VIDEO"
signal, Scope sweep switch to HIGH, and edjusting the Symc, Width
control until the Sync, pulse is about half the total width of the
observed horizontal blanking pedestal, as shown in fig, 12g, For
a more precise measurement, see "PULSE WIDTH MEASUREMENTS".

This control is located underneath the chassis~left middle un~

der V14 and V15,

A1l Counter Controls are located along the top of the chassis, un-
derneath the upper chassis 1lip, The adjustments of the controls

are explained in Preliminary Adjustments on page lie

The purpose of the 2:1 counter, is to divide the main osqillator fre~
quency fo 58,320 cps by two, to give the horizontal scanning frequen-
ey of 29,160 cps, A staircase wave shape can be observed with an

oscilloscope across C~15, having two steps, when adjusted properlys

The purpose of the 9:1, 9:1 and 5:1 counters, is to divide the main
oscillator frequency of 58,320 cps by 405 (the number of horizontal
lines) to give the correct vertical scanning frequency of 144 cpss
Staircase waveforms having that number of steps can be observed
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across C=30, C~47 ahd C=63 respectively, when properly adjusted,

The purpose of the 3:1 counter, is to divide 144 cps by 3 to give
48 cps (color field frame = see fig. 1-E) to give the correct color
gating sequence of the color mixing amplifiers, and to provide an
AFC comparison voltage to lock the Sync, Generator Master oscillator
frequency, A Staircase wafeform having three steps can be observed

with an oscilloscope across =73, when properly adjusteds

PULSE WIDTH MEASUREMENTS
The slope of all pulses used, has a minimum time-of-rise tol=-

erance of ,005h (,17 microssc), which indicates that the time taken
by the front or back edge of any slope should not take more than
+17 microseconds to rise from ,1E to ,9E, E being the full amp-
litude of the pulses Therefore, a test, oscilloscope having & min~
imum vertical deflection bandwidth of 3 mes is required, but § or
10 mes is preferred, to pass such waveforms without distortiona.
Representative precision type oscilloscépes available for this
type measurement are: Dumont type 303, RCA type WO-79B4 and Tek-
tronix types 511, 513 and 514~D are all reasonably priced instru-
ments, and there are probably others available hat will do ; good
jobs The above oscilloscopes have expanded horizontal sweep volt-
ages that will aid in measuring the horigontal pulse widths, and
allow the pulse slopes to be seen clearlys .

Since all pulses génerated in.the Sync Generator circuits

are clipped in other tube stages before use, it is important that

" the pulse widths be measured after they have been clippéd and in-

jected into the final signal, For example Horizontal Syne and
Blanking, Vertical Sync and Blanking, and their slopes, should be
lb-



measured in the composite signal as it exists on the output Video
line of the Gamera Control, The test oscilloscope can be clipped
across R10 in the console (with 75 ohm loading) or across the Video
iine at any of the reciever positions, Blanking with no video sig-
nal, plus Sync, should be the only signal present for this measure-

ment,

IMO Horizontal and Vertical target Blanking should be measured
at the output of the camera pre-amp blanking amplifier, The co-axial
lead going to ®TARGET" should be disconnected, Since this discon-
nectsapproximately 55 mmfd, of capaciﬁy loading on this stage, it
is important that additional capacity be shunted across the oscillo-
scope leads, so that the capacity of the oscilloscope plus the ad-
ditional shunt cepacity, equals 55 mmfd., when placed across this
output.

Color Drive can be measured across the cathode resistor R-154

of V30 in the Sync Generator Chassisc

Vertical Pulse Width Measurements

Place the oscilloscope test leads across the proper termination,
as per above instructions, and adjust vertical amplitude of seope
signal to no more than 1% inches deflection, Use a 1 mmfd, conden-
ser (or two leads twisted together for about one inch) in series
with a line from the Horizontal Sync output resistor R-127 (cathode
resistor of V-29 in Sync Generator), tb the hot oscilloscope test
lead, This will produce additional spikes on top of the waveform
being obsewwed, which can be used as time marker pips. Because of
the 2:1 interlace, these pips will appear as half line internal
markers. For example, when measuring the width of the Vertical
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Sync Pulse, six helf line intervals should be counted for the cor-
rect pulse width, 28 half line intervals should be counted for
the correct pulse width of Vertical Blanking,

An oscilloscope with AQ expanded and.triggered time base is
essential for this type measurement,

Horizontal Pulse Width Measurements

Place the oscilloscope test leads across the proper terminatiﬁn,
as per previous instructions, and adjust vertical amplitude of Scope
signal to no more than 1% inches deflection, Using an expanded
sweep, the width of each horizontal pulse can be measured directly
on the Dumont and Tektronix oscilloscipes mentioned, If the oscillo-
scope used does not have a calibrated time scale marker or sweep,
the following method, less accurate but good, can be used, provided
that the horizontal sweep of the oscilloscope is linear,

Adjust speed of oscilloscope horizontal time base until two
line pulse periods appear (as shown in fige 7)o This will put the
pulse to be measured in the center of the Scope trace, the second
pulse partially hidden by the retrace on the scopei Slowly expand
horizqntal sweep trace until one line trace period is two inches
in length, If observed pulse starts to move to the left or right
as the sweep is expanded, stop, as this indicates sweep distortion.
With the celluloid graph tube face scale (or ruler) measure off the
total width of one line, and adjust the horizontal blanking time
to 18% of this width, as accurately as possible, This procedure
will give the proper blanking pulse width to within 2%., which is
within the tolerance given., This Blanking pulse width can now be
used as a standard width on an expanded time scale, to represent
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.18 h, and the width of the other pulses adjusted with relation to
it, For example, the horizontal Sync pulse is almost half the width
of the receiver horizontal blanking, and the IMO horizontal blank=
ing just slightly less than the recélver horizontal Blanking (see

fig. 12 e, £ and g),

External Power Supply Unit Controls

On-0ff-Remote switeh (SW-1 in schematic dwg, B-S-1217) is located

on top panel of M-G Control box, The purpose of this switeh 1is to
allow breliminary testing such as required~for$proper digection arme-
ature turning, or servicing of.the supply as a unit by itéelf and-
not necessarily with the cénsoielconﬁected to it In the ON po-
sition, éll power suppiies wili ﬁave power., In the OFF postion

ac power will not be suppliéd-and the supplies will not function,

In this position, the power switch in the console will not function,
In the REMOTE position, power can be applied only by turning the

power switch to ON, in the consoles

Line Voltage Top Switch (SW-2 in schematic dwg, D-S-1210) See page
13 under "prelimindry adjustments"™ for proper operation. Located.

within Regulated supply cabinet, on front panel,

Voltage & Current Meter Switch (SWel in schematic dwg, D-5-1210)
See page 13 under "Preliminary Adjustments" for proper operation,

Located within Regulated Supply Cabinet, on front panel under meter,

D.C. Voltage Output serew driver control (R-29 in schematic dwg.

»

D-S-1210) regulates the dec output voltage of the Regulated supply,

and should always be adjusted to read 4 280 volts at_the comsole,

Because of the voltage drop in the power line from the console to
vl T



the Regulated power supply, the dc meter in the Regulated Supply
Cabinet should read higher by a few volts, This reading can be
marked on thke front panel with a grease pencil, for future refer-

ence in case of servicing,

Camera Controls

Alignment Gurrent Gontrol (R-23 in schematic dwg, D=S-1209) is a

mid-topped control connected in such manner that the direction of
current flow in the alignment coil can be reversed. The proper
operation of this control is explained under "Preliminary Adjust-

ments" page 17, and under Orthicon Focus on page 22, The con-

trol is located on the back panel of the pre-amp chassis. Cal-
ibration figures are engraved on the knob to provide a quick

future reference point for the particular IMO tube being used.
Alignment Coil Adjustment is a mechanical rotation of the align-
ment coil. The proper operation of this control is explained under
"Preliminary Adjustments" page 17, and under Orthicon Focus on page
22, This coil is rotated by turning the small 3/4" gear located
over the coil, Indexing numbers may be found under a small arrow,
for future reference for the particular IMG tube being uged,
G=5_Control (R-22) is located on the back panel of the Camera pre=
amp, chassis, and is principally used to minimize corner shading.
The proper method of using this control 1s explained under G-5

Camera Shading Adjustment pages 24 and 25,

IMO Tube Orientation Adjustment Lever is used to turn the IMO scan-
ing coil so that a true horizontal line being televised will appear

exactly parallel to any receiver raster line., The adjustment of
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this lever is given on page 23 and 24, The lever is located right

behind the alignment coil gear adjustment,

High Voltage Switch (SW-1) has been provided so that the 1450 volt
multiplier high voltage supply can be turned off for servicing ad-
justments and when changing IMO tubes, This switch disconnects the
screen grid supply voltage to the 3 KC high voltage oscillator,

thus stopping oscillation. The switchvis located on the back plate

of the camera pre-amp chassis,

IMO Heater ON-OFF Switch (S~2) located on the back panel of the cam-

era pre~amp chassis, should always be left at the "ON" position, un=
less the picture becomes noisy with poor resolution, in which case
turn switch to "OFF", This may indicate that the thermostat automat-
ic cut-off switch S-3 is not operating properly, and the image sec-
tion of the IMO tube is becoming too hots The ambiené temperature
inside the camera case will ordinarily not exceed the room or out~

side temperature by more than 35° F, after several hours use,

IMO Thermostat Heater Switch (S-3) is mounted close to the image

end of the scanning coil assembly (over the focusing motor. This
switch has been adjusted at the factory to cut off tho image heat-
er current when the temperature in the vicinity of the image section
of ‘the IMO tube exceeds 105°F, If has been found that after the
heater coil current has been turned off (usually within the 30 min=-
ute warm-up period), the temperature of the bulb surrounding the
image section of the tube and the inside ambient temperature of

the camera, are within 5°F, of each other, If defective operation
of S=3 is suspected, an ordinary engraved étem type thermometer can
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be laid within the focus coil bracket, with the mercury end of the thermo=
meter pointing over the the thermostat, and the temperature observed when
the thermostat cuts out (6 volts ac can be read across thermostat termin-
als when it cuts out), The ambient temperature inside the camera .case
will ordinarily not exceed the room or outside temperature by more than
350F, after four hours use, unless the thermostat remains ON because of
cold weather, The ambient temperature inside the camera can rise to 150°F,
(65°C,) before the IMO tube picture will be affected. The manufactures’s
requirement that the temperature at the image Section of the tube not dif-
fer by more than 5°C, to that of the filament end of the tube is maintained
because of the air circulation caused by the revolving color drum filters,

CIRCUIT THEORY

Image Orthicon tube operation
An excellent description of the operation of image orthicon tubes is given
in a pamphlet usually supplied with each new tube, A condensation of this
material is as follows:

The type 5280 Image Orthicon tube has three sections - an image section,
a scanning section, and a multiplier section, as shown in fig, 13.
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FIG. 13

Schematic arrangement of type 5620 IMO
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Image Section

The image section contains a semi-transparent photocathode on the
inside of the face plate, a grid to provide an electrostatic accel-
erating field, and a target which consists of a thin glass disc with
a fine mesh screen very closely spaced to it on the photocathode side,
Focusing is accomplished by means of & magnetic field produced by an

external coil, and by varying the photocathode voltage.

Light from the scene being televised is picked up by an optical lens
system and focused on the photocathode which emits electrons.from
each illuminated area in proportion to the intensity of the light
striking the area, The streams of electrons are focused on the tar-

get by magnetic and accelerating fields,

On striking the target, the electrons cause seéondary electrons to
be emitted by the glass. The secondaries thus emitted are collected
éy the adjacent mesh screen which is held at a definite potential
of about one volt, Therefore, the potential of the glass disc is
limited for all values of light and stable operation is achieved,
Emission of the secondaries leaves on the photocathode side of the
glass a pattern of positive charges which corresponds with the pat-
tern of light from the scene being televised, The charges set up

a corresponding potential pattern on the opposite or scanned side of

the glass,

Scanning Section

The opposite side of te glass is scanned by a low-velocity electron

beam produced by the electron gun in the scanning section, This

gun contains a thermionic cathode, a control grid (grid No. 1), and
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an accelerating grid (grid No. 2), The beam is focused at the tar-
get by the magnetic field of an external focusing coil and the elec-

trostatic field of grid Nooke.

Grid No, 5 serves to adjust the shape of the decelerating field be-
tween grid No, 4 and the target in order to obtain uniform landing
of electrops over the entire target area, The electrons stop their
forward motion at the surface of the glass and are turned back and
focused into a five-stage signal multiplier, except when they ap-
proach the positively charged portions of the pattern on the glass.
When this condition occurs, they are deposited from the scanning
beam in quantities sufficient to neutralize the potential pattern
on the glass, Such deposition leaves the glass with a negative
charge on the scanned side and a positive charge on the photocath=
ode side, These charges will neutralize each other by conductivity

through the glass in less than the time of one frame,

Alignment of the beam from the gun is accomplished by a transverse

magnetic field produced by an external coil located at the gun end
of the focusing coil,

Deflection of the beam is accomplished by transverse magnetic fields
produced by external deflecting coils,

The electrons turned back at the target form the return beam which
hag been emplitude modulated by absbrption of electrons at the tar-
get in accord with the charge pattern whose more positive areas cor-

respond to the highlights of the televised scenes
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Multiplier Section
The return beam is directed to the first dynode of a five-stage

electrostatically focused multiplier. This utilized the phenomenon
of secondary emission to amplify signals composed of electron beams,
The electrons in the beam impinging on the first dynode surface pro-
duce many other electrons, the number depending on the energy of
the impinging electrons. These sgcondary electrons are then direct-
ed to the second dynode and knock out more new electrons. Grid No,3
facilitates a more complete collection by dynode No. 2 of the sec-
ondaries from dynode No, 1, The multiplying process is repeated in
each successive stage, with an ever-increasing stream of electrons
until those emitted from dynode No, 5 are collected by the anode

and constitute the current utilized in the output circuit.

The multiplier section amplifies the modulated beap about 500 times.
The multiplication so obtained increases the signal-to-noise ratio
of the tube and also permits the use of an amplifier with fewer
stages, The gain of the multiplier is sufficiently high so that the
limiting noise in the use of the tube is the random noise of the
electron beam multiblied by the multiplier stages, This noise is

larger than the input noise of the video amplifier,

It can be seen that when the beam moves from a less positive pors
tion on the target to a more positive portion, the signal output
voltage across the load resistor changes in the positive direction,
Hence, highlights in the scene produce an output signal voltage of
positive polarity across the load resistor. As a result, the grid
of the first video-amplifier stage swings in the positive direction

for white,
=53



A blanking signal is supplied to the target from the plate circuit
of V3b, to p?event the electron beam from striking the target during
the return portions of the horizontal and vertical deflecting scanss
Unless this is done, the return trace lines will appear in'the re-
ceived picture, as black lines, The blanking output signal from *
the plate of V3b is a series of negative voltage pulses, having a
minimum peaek to peak amplitude of 10 volts., It is important that
the voltage betweén pulses be constant to prevent fluctuation of
the target voltage during the scan period, - During the blanking
pulse period, the full beam current without video signal modula-
tion is returned to the multiplier, and provides a reference poten=

tial which corresponds to a no signal or "Black" level,

Camera Video Amplifier
The IMO multiplier video signal current flows through R20, a 24K load

resistance, With a total circuit capacity of approximately 45 mmfd
across this load resistance, the total load impedance presented to
12 me, multiplier current components is in the order of 300 ohms,
thus giving a high frequency attenuation of 80:1. This video signal
is then amplified by two conventional 12 mc video stages V-1 and V-2,
and thenfed into 50 ohm camera co-ax cable via a cathode follower
tube V~3a, This signal can be observed on the color monitor and
Scope by pressing in test button marked "Pre-amp". The picture
should lack resolution and appear streaked because of the lack of
high frequencies, The amplitude of the low frequency components
should be approximately +2 to .3 volts (.2 to (3" vertical scope de-
flection) with normal picture illumination.
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Multiplier High Voltage Supply

This circuit is a typical "Reversed feed-back oscillator" with grid
stabilization, It can also be thought of as a "Hartley" type oscillator,
The 6AQ5 tube grid is self excited by a 100 turn coil inductively coupled
to the 600 turn plate coil, The near sine wave voltage existing across
the plate coil is also inductively coupled to a 6:1 step-up coil and thsn

full-wave rectified by the selenium rectifier SR-1, through a voltage

doubling circuit. Resistor R~24 is used to limit the peak current through

the selenium rectifiers to a safe value, Since the high resistance load
is steady, the voltage output from R-30 should be a steady 1450 volts de,
with less than 0,8 volts, peak to peak, measured at terminal No, 8 on
the IMO tube socket (Dynode #5). If parts are replaced in the small high
voltage box, be sure transformer leads and the transformer itself, with
its shielding, is replaced exactly as removed, Otherwise some interfer-
ence in the picture taking the form of horizontal bars may be visible,
The oscillation frequency is approximately 3 KC. If this is audibly
heerd, the transformer laminations are probably loose and vibrating at
that frequency. The screen grid voltage can be varied by means of R29,
i{ voltages lower than 1450 volts dc is desired. Voltages higher than
1650 volts should never be used, otherwise the guarantee on the IMO tube

will no longer be in effect,

INO Target Blanking

2 minimum of 10 volts peak to peak, is required to blank the target
properly during the fly-back period. This is supplied by an amplifier
tube V3-b, Cathode peaking is used to improve the slcperise time, at

the target, Occasionally an IMO tube is found to require more target
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blanking (which is evidenced by streaks through the picture when white
o‘bjects appear at the extreme right or left edge of the picture), In=
creasing R-19 to 150 ohms should minimize this condition, Looking at

the Mehannel" output, no signal movement should occur during the hori-

gontal blanking interval,

G~6 ("S" distortion correction)

The dc voltage on tube element G-6 has been pre-set at the factory
to have a value that corresponds to 80% of the voltage existing on the
Photo Cathode, On some IMO tubes "S" distortion may be apparent with
this voltage, and resistor RAL may be increased to minimize this type
distortion, When any chénge in voltage is made to this element, the
IMAGE FOCUS control will have to be reset, "S" distortion shows up
when any horizontal lines in the pieture curve like the letter S on its
side i.,e¢ >~ , This is particularly noticeable when panning the

camera from side to side,

Lens Turret Switching Cireuit = ..

4 simplified sketch showing the complete electrical system of lens
selection, is shown in drawing A-9812. The turret revolves in a counter
clockwise direction for all lens changes, The push-button switches in
fhe camera control unit serve to coanect power to the correct cam switch'
on the lens turret, If that particular cam switch is closed, then power

"1is connected through to the motor, and the motor turns the turret until
the cam switch arm drops into a detent, thus opening the cam switch and
stopping the turret at the correct lens position, If the lens turret
should try to over-ride because of momentum, the cam switch Wll again

close and the turret will again start turning, To avoid this, a spring
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loaded arm is also made to fall into a detent when the lens position is
correct, The timing of these two detent arms is sueth that the cam switch
arm disconnects power to the motor a fraction of a second before the spring
loaded arm drops into its detent, If the pressure applied by this arm is
not sufficient to stop the turret when the lens position is reached, ad-
justment of the spring tension can be made with an off-set screw driver,
The screw and spring adjustment is located directly behind the color

filter drum,

It some times happens that when the lens turret is forced out of
posiﬁion manually which may happen when changing lens, the cam switch will
close.and the turret will again tur; until that particular lens position
is reached again. By lightly pushing one of the "out" lens push buttons,

all three push buttons will be out (disconnected) the lens turret will re=-

main gtationary,
Optical Focusing Motor

A small condenser motor is used for moving the tube back and forth,
insfead of te lens, for optical focusing of the image onto the IMO photo
cathode, A double position switch is provided on the front panel of the

Camera Cont;ol Unit, to supply power to either field of the motor for
reversing its direction, Limit switches are provided on top of the focus
coil assembly, to limit the travel of the %ube assembly, Correct adjust-
ment of these limit switches are (a) the power should disconnect when the
tube assembly is within 1/8th inch of the pre~amp chassis on its travel
to the rear (b) the power should disconnect when the front face of the

tube assembly is just even with the back edge of the motor gear housing,
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Color Drum Drive Motor

AThis is a condenser type motor, and is supplied with 48 cycle power,
the phase of which is controlled by a special tapped variac in the camera
cqntrol unit, The electrical phase shift is in the order of 120 degrees
of 1/48 cps, or 1/144th second, the period of one vertical scan, How=
ever, the motor 1s a 1440 RPM four pole motor which makes the effective
phase shift good for % of a vertical field, which is sufficient for ef-
fective phasing of the color drum with relation to the scanning, Propef
phase adjustment occurs when the bars of the drum, separating adjacent
color filters, coihcide with the locus of the scanning beam in thé camera
tube, If the color drum is taken off of its motor shaft for any reason,
a mark should be made on its shaft collar so that it cen be replaced
back on the shaft in its original position, Otherwise, the electrical

phase shifting may not carry it through the proper phasing range,

Channel Video Amplifier (V5 to V10 ine. dwg, D=S=-1206)

The camera video signal terminates in the VIDEO GAIN control poten~
tiometer of 100 ohms, paralleled with 240 ohms to make a cable terminating
impedance of 70 ohms, The signal amplitude selected:b'the Video Gain con-
trol is amplified by V5 and then coupled through C-~15 to a resistance-
capacity network R-l93, R-58 and C~16, for low frequency attenuation,

Thia approximate 80:1 ;pss_in low freqﬁencies is to compensate for the
80:1 loss in-high frequencies at the IMO tube outputy thus making the
frequency response of the'system flat up to this point, C~16 is adjust~
able to compensate for the slightly different output capacities of differ-
ent IMO tubes, and the control is known as a "High Peaker" adjustment

(see page 25 for adjustment instructions).
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Because of the fact that this low frequency attenuation circuit i;
in the camera control unit, another useful purpose of the circuit is to
attenuate any low frequency signals and power supply interference that
may be picked up because of Camera Cable location, and also reduces the
effects of low frequency microphonic disturbances in all amplifier tubes
before this circuit,

Video amplifier tubes V6 to V10 are 12 me wide band compensated amp=
lifiers, to amplify the very low video signal from the "High Peaker" cir-
cuit to a 2 volt minimum across all color gain video controls. The type
6AS6 and 6AK6 tubes were used because a separate connection was available
to the suppressor grid, which is used for blanking off the video signal
when camera lens! are being changed. The 6AK6' tube, being a power amp-
lifier pentode, is used for handling the high video level required for
the Gamma circuit, with a minimum of distortion, The type 6AQ5 tube has
a desireable Eg~Ip characteristic for Gamma Control, besides having the
high plate current required for developing a minimum of two volts across
the low impedance color mixer amplifier input, The grid signal is pulse

clamped by V15, to assure equal gamma treatment to each of the three

coler fields,

Lens Blanking Circuit

When any Lens seiecior button is pressed, thus connecting power to
the Lens Turret motor, the current used by the motor passes through the
filament secondary winding of transformer T~7, This causes a sma11v2
volt (48 cycle) rms drop, which is étepped up to about 40 volts rms a-
cross the primary of T~7, which signal is then fed to the normally biased
off diode circuit of Vli-a, This 40 volt signal then causes diode current

to flow through Vl-a which by rectification causes a negative bias volt-
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age of 12 volts de minimum to build up across R3, C~1 has been selected
in value (,1 mfd) to give adequate RF grounding to the suppressor grids,
and at the same time give an approximate quarter of a second decay of
the blanking bias to zero, thus allowing the video signal to fade back in
that period of time after the lens turret has stopped, instead of abrupt-
1y popping back in,
Color Mixing Amplifier and Blanking Injection (VZ3-V12-V13-V14-V16~V17-V18
& V32)

The video signal output of V10 appears across three individual gain
dontrol potentiometers, The mid arm of each gain control pot., goes to
a scparate amplifier tube, Each of the three amplifier tubes V16-V17-V18
are sequentially gated on for 1/144th second and turned off for 2/144th
seconds, by control voltages on the suppressor grids supplied from the
color ring circuit (described later). The timing of the ring circuit is
such that when the image is being televised through the red filter in the
camera, amplifier tube V11 is gated on and amplifier tubes V12 & V13 are
gated (biased) oif. This allows the red video signal to be amplifeid
only by tube V11, and the amplitude of this red signal can be controlled
by the RED GAIN potentiometer R~84., As the color drum in the camera con-
tinues to turn, the image will be next televised through a blue filter,
When this happens tube V11 will be gated off and tube V12 gated on (V13
is still off)s This allows the blue signal to be amplified only by tube
V12, and the amplitude of this blue signal can be controlled by the BLUE
GAIN potentiometer R-86., This action is repeated for the greén filter i,e,
tube V13 is gated on and tuhe V11 and V12 off, The amplitude of each color
signal can therefore be conﬁrolled for color mixing purposes (see page 28),
and then combined in the common plate circuit of the three amplifier tubes
into one signal again,
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Because each of the éolor mixer amplifier tubes are entirely biased
off and on in sequential fashion, the difference in plate current flowe
ing in the plate circuit during the switching time. abruptly chenges,
causing a positive transient voltage to appear in the plate circuit,
Since the color switching is timed to occur dering the vertical blanking
period, this transient does not appear in the picture, butit must be re-
moved from the signal for good blanking action, Since it is required

that Kinescope Blanking also be injected into the video signal to remove
Vertical
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FIG, 14
KINESCOPE BLANKING INJECTION WAVEFORMS
the camera shading signals, the Blanking can be added at this point to

also remove the color switching transients, This is accomplished by
adding the blanking signal to the mixed color signal, via tube V14, in
such polarity and amplitude that the transient and shadihg signals will
be well above the clipping range of XT=4 crystal clipper, This is shown
in fige. 14,
Kinescope Blanking (Pedestal) level must bear the same relationship
w6le



to the rest of the video signal as the original "Black" dc level from
the IMO tube, particularly for each color signal, and should maintain
that relationship regardless of gignal amplitude variations, To insure
this action, the grid signal of each color amplifier tube is pulse
clamped, via tubes V16-V17 & V18,

A cathode follower tube (V32) is used as a low impedence constant
de voltage source to the crystal clipper, The difference between the
dec voltage across the erystal clipper XT~-4 determines the clipping or
"pedestal":level, By varying the grid voltage on the cathode follower,
the cathode supply voltage will follow, thus varying the pedestal level,

An RC filter, R-229 and C~12, is used in the grid circuit of V-32,

to assure a good clean dc supply voltage from the cathode to the crystal,

Color Gating Pulse Generator (Ring Circuit) (V19-V22 inc.)

It is important that the Red, Blue and Green color mixer gain
controls retain their color identitly, and thus provide a color tim=
ing reference for the rest of he system to phase to, This is accom-
plished by using the 48 cycle pulse from the last divider-counter’
circuit in the Sync. Generator, and agreeing that this pulse, here-
after referred to as the "Color Drive Pulsé", should always just
preceed the red picture, in timing, dﬁring the vertical blanking in=-
terval (shown in fig, 12d), Therefore, only the color drive pulse
is used to trigger off the gating pulse that ajlows the red ampli-
fier to function, With reference to fig, 15, this is accomplished

as follows:
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Color Gate Circuit with Signal Waveforms

Tube V19 is used to provied negative color drive and negative ver-
tical drive triggering pips to tubes V20~V21-V22, typical flip-flop cir-
cuits, Since V20b—V21b-V22b are being triggered with negative vertical
drive pips at all times, these tubes will remain off (no plate current) un-
til the correct triggering sequence starts, which may be explained as
follows:

(2) Color Drive turns V20a off, thus turning V20b on.

(b) The next vertical drive pulse turns V20b off again, which
automatically turns V20mon, The rectangular wave thus gen-
erated at the plate of V20a is used to gate the red ampli-
fler tube on and off, and at the end of the red period,
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the back slope is differentiated via C~50 to a negative
triggering pip that turns V2laoff and V21b on, V21b aiso
has a vertical drive trigger voltage on its grid but this
has no effect because the large positive rectangular volt-
age pulse fed from the plate of V2la as it is being turned

offy, keeps the grid near zero bias,

(e) The nexi.verficai dfive pulse turns V21b off again, Whiéﬁ
automatically turns V2la on. The rectangular wave thus
generated at the plate of V2la is used to éate the blue
amplifier tube on and off, and gi the eﬁd of the blue per~
iod, the back slope is differeqyiated via C~56 to a neg-

ative triggering pip that turns V22a off and V22b on,

(aa) The next vertical drive pulse turns V22b off again; which
automatically turns V22a on again, The rectangular wave
thus generated at the plate of V22ais used to gate the
green amplifier tube on and off, Since the Color Drive
pulse occured at the same time as this third Vertical Drive
pulse, V20a is turned off, thus turning V20b on, and the

red amplifier tube is again being used,

(a), (b), (c) and (aa) refer to the time intervals on the

waveforms shown in Fig, 15,

Pulse Clamp Circuits (Vlie to V18 inclusive, dwg. D=S5=1206)
The primary use of a dc restorer; or pulsed clamper, iz to charge the
grid of a tube to given de level during the blanking periods in the picture,

regardless of changes in video signal amplitudes and consequent changes in
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the ac coupling axis., The circuit used connects the grid of each color
amplifier tube and the gamma tube to a fixed reference potential for a
short time at the beginning of each horizontal scanning interval, and re-
leaées the grid theieafter for the remaining duration of the horizontal
line scanning peried, so that the grid can follow the variations of the
video signal potentials, This eircuit can be thought of as a keyed bridge,
in simplified form-as shown in fig, 16,

-1 White level’
«

wv— Video signal
v \ o -3 Black level

From From
V 1a V 1l4a
. Cathode Plate

IIG.16 Simplified Clamp Circuit

Referring to fig, 16, the two ‘dicdes and resistors R-208 and R-102.
can be thought of as a simple bridge circuit, Horizontal Sync pulses (here
in after called "Clamp" pulses for this circuit) of equal an& opposite po=-
larity are supplied from V14, to diodes V16a and V16b (triodes are connectw
ed as dlodes)s If points "AM™ and "B" were grounded, the circuits could be

redrawn to loock like two peak reotifier circuits with point "C" charging
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to = 20 volts and point "D" charging to # 20 volts, neglecting duty cycle
coupling axis, If point "A" is now 1ifted from ground, the diodes will con-
tinue to work as before with the diode current of one diode supplied through
the other, and presuming the impedance of each diode is idnetical, zero volts
will still exist at point "A", Once points "C" and "D" are charged to peak
voltage, diode conduction will only occur on the very peaks of the clamping
pulses due to the slow discharge current of C35-R102 and C34~R208, When the
diodes cease conducting, the positive charge at "D" and the negative charge
at "C" biases the diodes open, thus leaving point MA" at zero volts. With
a video signal now coupled through C=25, during the horizontal blanking pere-
iod the clamping pulses will cause both diodes to conduct, charging the
plate of C-25 and the grid of V-11 to zero volts, thus removing any charge
that may be there from signal, hum or microphonics. After the clamp pulse
interval, the diodes cease to conduct, leaving point M"A" at zero volts for
that level of signal corresponding to "Black", and all video signal variations
will be positive in polarity with respect to it

Since a negative bias is required to avoid grid current and operate the
color mixer amplifier tubes properly, point "B" can be returned to a nega-
tive bias source as shown in fig, 16, The =~ 3 volts at point "B" adds both
to point "C" and "D", thus meking point "C" = = 23 volts and point "D"'z 4 17
volts, When the diodes conduct on clamp pulses, there is still a potential
difference of A0 volts across both diodes but one side is unbalanced by = 6
volts with respeet to the other side, which when divided in half for the mid=-
point between the diodes leave =~ 3 volts as the charge left on 025. -3
volts will now always correspond to "Black" level and all video signal vari-
atiens will be in a positive direction with reference to it, When televis-

ing picture material having very bright spots of white, such as reflection:
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of lights from metal or instruments, peak white will be more than 3 volts
positive with respeet to black level, and cause V11 grid current which will
neutralize the elamp bias agtion, and cause streaks to follow that portion
of the plctures The remedy 1s to use a lower signal input into the color
mixer,or use more gamma correction which hag the effect of compressing the

white portion of the éignal.

Gamma_Correction Circuit ™ (V10 dwg. D=S-1206)

i

"Gamma" is a photographie term that is used to describe the relation
between the logarithim of the exposure and the density of the film or print
emulsion, It has been borrowed for teflevision use to describe the relation-
ship between the logarithim of the ratio between values of brightness in
portions of the televised object in the studio and the logarithim of the
ratio between the values of brightness, &t the receiver:

. The Tmage Orthicon tube used in ths Vericolor camera, delivers a sig-
nal current that is directly proportional to the shades of grey or color
saturation iIn the televised subject, except for peak whites where some un-
objectionable conpression takes place, as shown in fig., 17a,

With the exception of the Gamma ampiifier, all video amplifiers.in
the Vericolor :chain are designed to amplify the camera signal voltages
with a minimum of distortion.and if the.signai output of the IMO is am=
plified and ‘applied directly to the kinescope grid, the resulting output
(By) ms shown in fig, 17b will result, - It will be noticed on this curve
that the relationship between the grid signel voltage and light outpﬁt is
not linear, with the result that the lower black steps are compressed,
This tends to make the reproduced picture very contrasty with the effect

that skin blemishes are emphasized in a c¢olor which is primarily red,
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For ‘medical television purposes this contrasty effect may be desire
able, but most of the time a linear brightness transfer 1s required,
Therefore an amplifier is inserted in series with the video signal ampli-
fier} ‘to pre-distort the video signal so that when it is applied to the
kinescope grid, the values of brightness in the reprodﬁced picture will
closely approximaté the corresponding values of brightness in the tele-
vised object, As can be seen from the curve in fig, 17c, a type 6AQ5
tube 1s used to particularly stretch the darker shades of grey to compen=
sate for the compression of blacks due to the kinescope. The Gamma Con-
trol potentiometer (R95) varies the clamping grid bias on this tube be~
tween the limits of good linearity (Gamma = 1) to slightly more distore
tion than that shown in fig. 17c (Gamma = .6). For good average medical
clinic pick-up material, it would be run approximately under the conditions
shown under fig. 17c.

Because each red, blue and green field should be pre-distorted in
similar fashion so that the intermediate shades of grey add correctly to
reproduce delicate color hues, the bias is pulse clamped, thus referencing
the black level fof each scanning line (see page 64,65 & 66 for clamper

theory).

Line Video and Sync. Mixer (V1~V2~V3-V4,dwg, D-S-1206)

Video‘Signals from the color Mixer Circuit are amplified in tube V4
and appear across the tapped attenuator switch éWlOA. Cathode peaking con~
denser C-8 1s used for high frequency compensation of the attenuator switch
load, so that the frequency response of this circuit extends beyond 10 me!s.

The double section tapped attenuator switch SW-104, is connected in

such manner that the sliding selector tap of the first section can either

ot ﬂq
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select all ér ﬁar£ of the intermal video, or the video from another con-
sole, _The secpnd sectioh of the switch sihultaneously applies 6,3 volts
of 48 cycle filameht to the 50N~AIR" 1ights'of either console and camera
#1 or console and camera #2. Thisywarne everyone concerned which camera
picture is beingAfed oﬁt éver the line,

It is essénéial that the two éamera -gambrol units are either run
from an externalAs;ﬁé, Generétor, or that the Sync. Generator of #2 unit
be cgntrolled from #l‘uhii, when using this tapped attenuator.switch for
a smgeth fade from one éignalito the other, Otherwise the sync signals
added to the signal on the outﬁut line will not be in proper phase with

the video signal from camera #2,.

Sync. Signal Addition

The seiected video sigﬁal ig fed to the control grid of V3 where it
is amplified and then apblied to the grid of V2 output tube via C-5, High
frequency compeﬂsatioﬁ is by normal series-shunt inductance type, with some
assistance frpmvcathode peéking condemser C~9, The video signal is paral~
leled with the Sjnc. signalé from V-1, and the combination fed into the
outgoing line, This method of adding sync allows the video output tube
to swing over'a greater plate current swing for_v¥ideo only, thus giving
a greater video amplitude on the oﬁtgoing‘line then would be possiblé if
it had to amplify ﬁgﬁﬁ video and synce

é&nc,.Sﬁgnal amplituae is controlled by varying the cut-off grid bias
tqlv-l, thug allowing all of_mone of the sync signals fed to the grid, to

appear in the plate circuit,

Scope_and PC High Voltage Supply Circuit (V31 dwg. D-5-1206)
This circuit is a fypioal "Reversed feed-back oscillator" with grid
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stabilization, - It can also be thought ofvas a "Hartley" type oscillator,
The 6AQ5 tube (V=31) grid is self excited by a 100 turn coil induchively
couple& (T5) to the 600 turn plate coil, The near sine wave voltage ex-
1sting across this plate coil is also inductively coupled té a 631 step~
up coil and then full-wave rectified by the selenium rectifiers SR~1 and
SR-2 through a voltage doubling circuit.Resistér R179 is used to 1limit the
peak current through the ‘selenium rectifiers té a safe velue, This cir-
cuit is identical to the IMO multiplier high.voltage supply except for-
the polarity of output, minus being uéed with plus at_ground potentilal,
This supply is used for two purposes (1) to supply~#/8®volts to the
31 gscilloscope ‘tube for trace and (R) the -206;to~5bﬁrvolt range requir-
ed for the Image Focus Control, Since the oscilloscope uses most of the
current from this supply,~it,will be found that varying the brightness of
focus of the scope trace, will slightly shift the Image Focus sontrol

renges

-

IMO Foeusing Current Circuit (V30 dwg. D-5+1206)

A type 6AU5 Beam pentode is used for & constant eurrent source for
the IMO focusing and alignment ceil, Heavy cathode degeneration and reg-

ulated sereen voltage to this tube assures constant plate current regard~

- less of plate voltage variations due to alighment adjustments, The plate

current can be adjusted between 65 and 80 ma by varying the cathode bilas

rheostat R186,
4 150 Volt Regulated Supply Circult (V24b-V25-V27-V29, dwg. D~5-1206)

This is a convential "Series" type of voltage output supply, where

type 6ASTG tubes (V24b and V25) are in series with the load current to
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the +-280 volt supply, through the menitor focus coil, A portion of the
150 volt 6AS7G cathode output is fed to a voltage amplifier tube type
6AK5 (V27). Thug voltage variations on the: 4150 volt supply are ampli-
fied and fed to the grid of the 6AS7G, Since this grid voltage is out
of phase with the original cathode voltage variation, the 6AS7G tube will
act with cathode_follower actiﬁn and cancel out the variation, Another
way of looking at this circuit action is to regard the 6AS7G'tube as a
variable resistance, its resistance depending upon its grid bias, If

the cathode output voltage drops slightly, this variation is amplified by
V27 and applied to the grid as a positive boost (less negative) which dew
creases the internsl resistance of the tube and lowering the plate vol£;
age drop across itself, which increases the voltage across the load, thus
canceling the output drop, V29 is used as a high cathode voltage refer-
ence for V27, so that a larger percentage of the voltage variations ap~
pearing across the output will be fed into the control grid of V27, (If,
for example, the cathode of V27 was worked at ground potentia;, R172
would have to be at ground potential or slightly negative so that V27
will work properly as an amplifier, By so doing the de voltage varlations
appearing across the output would be divided.down dn the order of 75:1
which more than equals the gain of V27, and no degeneration of the output

voltage would occur,)

= 150 Volt Regulated Supply Gircuit (V23~V24a~V26~V28 dwg, D~5-1206)

This circuit is a conventional "Series" type of regulated output.
The ac voltage from T-4 1s full wave rectified by V23, and filtered by
C-61 and CH-1 CL filter. 4 type 6AS7G tube is used as the series imped =~

ance to the load, its impedance varying proportionately with the voltage
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drop across the load (see paragraphs under -4150 Regulated Supply, for
theory) thus mainteining the ~=-150 voltage across the load constant,
Tube V28 maintains évhigh cathode voltage reference level for amplifier
tube V26, . '

SYNC. GENERATOR CHASSIS CIRCUITRY

General Description

The simplified Industrial Sync, signals required for operation of
this equipment has minimized the number of tubes and chassis space requir-
ed. The generous use of stable and well known eircuits however, has in~
creased the number of tubes slightly, but it was felt that such action
was'preferable to using cemplex and trick circuiting that always seem to
be on thé edge of triggering and falling out on power line surgess. The
common use of only one "biased off" type of multivibrator circuit is used
throughout the entire Sync. Generator, which simplifies trouble shooting
congiderably, .

For conveniénce in description,,thg circuits are divided as follows:

(1) Master oscillator
(2) Waster oscillator frequency control

(3) "Biased off" type of Multivibrator - theory of op=
- -eration.

(4) Count down cireuits

(5) Generation of DRIVE signals

(6) Generation of IMO BLANKING signals

(7) Generation of RECEIVER BLANKING signals

(8) Generation of RECEIVER SYNCHRONIZING signals

(9) Oscilloscope WFM SWEEP signals (Wave Form Monitor)
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The use of the Blocﬁ diagram dwg;'B-S-12l2 and.reférence to fig,.12
on page 40-B will help in'followiﬁg the pulse timihg sequence,.

The prime purpose of a Synchronizing signal Generator is to generate
and'establish the félative phasiﬁgvor fime relationship of pulses at three
different frequencies: 48 cps, 144 cps and 29,160 cps¢ The pulses are
properly timed with fespect ﬁo each other by deriving them by count down
methods from a common Mas£er oscillator, the frequency of which is con-
trolled by automatic comparison with the 48 cycie frequeney of the Motor=
Generator power unit, which in turn is synéhronoﬁs to the 60 eycle power

line,

Master Oscillator Circuit (V17-V12 dwg, D-S~1208)

‘The Master oscillgtor V17 is a typical "colpitts" eircuit, with'a
free running frequeﬁcy determined by inductance L1, capacitors C36-C37,
and the impedaﬁce presented by thé plate circuit of Reactance tubs V12
(with zero bias on the control grid of V12), The oscillator frequency is
58,320 cpse

A sample of the 58,320 cps sine wave is fed via C-34 to the grid of
V-16b, which self biases (toes up) the grid so that only the very peaks
of the siﬁe wave appéar in the plate circuit (class "C" self bias oper-=
atioi). The negative polarity fractional sine wave is then fed via G~21
to the grid of V;iéa, which is driven congiderably beyond cut-off by the
large signal emplitude, which in turn produces a pulse in the plate eir-
cuit having fast time of rise slopeé with short duty cyele.. This pulse

is now called a "™iriggering" pulse because of its further functions,

Master Oscillator Automatic Frequency Control Circuit (V12-V13-V14 dwg, D=-S-12C

The control grid of the reactance tube V=12 is fed a bias voltage

.
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that is developed from a comparison bridge of four diodes, 48 cycle fila-
ment supply voltage:is fed to one corner of the15ridge through the cathode
of Vl13a. and plate of Vlda respectively. The 48 cycle positive pulse from
the last counter eircuit is applied to the mid—section of the bridge via
transformer Tw4, and time constant resistor R~82 and condénser C~48s The
other corner,ealled the output corner, of the bridge, is connected te fil-
ter resistors R83«R84 and filter capacitors 049“050~C5l.

When a 48 cycle pulse' from the last counter oCCurs, the polarity of
the pulse acrosg the secondary is such that all diodes condubt, making
possible.a transfer of current in either direction between the inpﬁt end
output.cornefszof the bridges The diede plate eﬁrrent also charges up
capacitor C~48 so that during the interval between 48 cycle pulses, the
charge keeps the diodes open, or non~conducting,

The Master Oseillator frequency is adjusted to 58 320 cps when the
voltage on the reactance tubs is zero, If the frequency is exactly 58 320
cps, the 48 cps sinusoid voltage applied to the inside corner of the bridge
will be passipg through zero when the 48 cps pulse from the last‘counter
causes the diodes to conduct, No current will pass through the bridge -
sdvenlt hevaites ¥heve 1 setn velfsgs At ¢hat idtent ab bokh the fosfde
and outsi&e corners of the bridges

The cause of frequency drift in the oscillator circuit is ysually
the warming up of the oscillator:tube and resistive components, with the
temperature coefficient of fhe capacitor causing a change principally with
the tank capacitors 036=036, Therefore the tank circuit should not be ad~
Justed until the unit has operated for at least a half hour,

If the constants of the tank eircuilt are such as to cause the resonant

freQuency'te be low, electronic correction takes place in the following
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manner: The delay of the counter pulses will be such that the 48 cps

sine wave voltage applied to the inside corner of the bridge will be slight~
1y negative just before it goes through its zero point, when the 48 cps
dbuntef pulse occurs causing both diodes to cbnduct; The inside corner

of the bridge being slightly negative at fhat insfant will cause addition~
al electron current to flow from cathode to plate of V13a, through T-4

and then from the cathode to plate of V14b, thus charging C49 negatively.
This pulse type charge‘is filtered to dcrby,the filter network and then
fed to the grid of the reactance tube V12; This negative bias reduces

the Gm of the reactance tube, which in turh decreases'the virtual induct-
ance sﬁunted across:the oscillator tank éiféuit, with a resul} that the
total oscillatory circuit remains at 58, 320 ops-resopénée.

A similar action takes place when the resonant frequency of the tank

¢ircuit 1is higher than 58,320 cps. The 48 cps counter pulse occurs when

the 48 cps sinusoid has passed %hrough zero and iﬁ the positive half of
its cycle, . The posi*t'ive plate voltage on diode Vlja will cause electron
current to flow through that diode, which in trun eaﬁsgs the plate of V13b
to go positive.which causes electron flow in that diodey which in turn
charges capacitor C49 positive. After filtering, this pgsiﬁive grid volt-
age increases the Gm of the reactance tube, which increases.the virtual
inductance shunting the oscillator tank cireuit, thus bkeeping the total
oscillatory circult tuned properly to 58,320 cps. |

A high impedance voltmeter connected to the output arm of the bridge
(across C49) will therefore indicate whether the resonance of the tank
circuit it too low (negative bias) or fpo high-tposifive bias),

A portion Qf.the-dscillator voltage existing across the oscillator

tank capacitors GBé@GB?, is ‘applied to the grid of the reactance tube V12
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via a small coupling condenser"631.' The input-capacity of V12, in paral-
lel with R 56=R57 causes delay to this signal so that the plate current
;ﬂgnallvariations in fhis tube are delayed with respect to the tank con-
denser voltage fed'eack. Since the voltage across a,tank circuit leads
the tank inductance current by 90° the plate current variations of the
reaetance tube are almost in phase with the oscillator inductance tank-

current, hence the term “virtual inductance" is useds

"Bisged fo"”Multivibrator Circuit Theory
This eircuit is often referred to as a "one shot! multiyibrator bew

cause 1ﬁ takes one trigger pip to start it: going, and it stops itself af=-

_ter a given fixed interval determined by an RC grid time constant, There

is no direct connection between the“output end input, thus giving good ‘
gignal isolation, and normal variations of tube characteristics or reaist~
andewcapacity eharges do not effeot its Working reliability, . Basically,

the ¢ireult is as ‘shown in fig, 18:
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With no input trigger signal, Fhe constants are selected as follows:
With the grid of V2 going to a position voltége source through high val-
ue resistors R3 R2, there will always be a negligible voltage drop from
the grid'to cathode of this tube, so therefore if éan be said tﬁat tube
V2 is running at zero bias, regardless of the low cathode resistance R6
used, Therefore the' plate voltage drop across R5 will be maximum, If
cathode Resistance R6 is now selected in values scvthat the plate current
of V2 will cause a voltage drop across it that will bias off tube Vl,
then the steady state condition in which the tube eircuit can be checked
is(l) plate current is flowing only in V2 indicated by a ldw plate volt—
age and (2) no plate current is flowing in V1, indicated by novdrop ar
cross Rée

If a positive trigger pulse is now fed into‘fhe grid of V1, suffie
clent in amplitude to cause tube V1 to start conducting, the lowering
plate voltage of V1 coupled into the grid of V2 via C2 sfarts biasing V2
off, This of course . decreases the cathode biaé to V1 and causes a fur-
ther inereage of its plate current which in turn lowers the plate voltage
ofAV1 more, which coupled into the grid of V2 via C2 cuts V2 off altogeth~
er, At this particular instant, the plate voltage'ét V2 is equal to the
supply voltage bebause’of no plate current drop acfoss R5e In the process,
the grid plate of C2 accumulafes'a-heavy hegative'charge thét slowly
leaks off via resistors R2-R3. When this charge haé leaked ogf fo the exe~
tent that V2 again starts conducting, the added cathode bias voltgge a=
gain starts to bias V1 off again, which increases the plate voltage of
V1, which in turn through C2 causes the grid of V2 to go positive faster,
which in turn causes V2 to conduct more plate mirrent,etcs until V2 is

fully conducting and V1 is again biased off, The plate voltage at V2 has
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again dropped to a low value because of the IR drop across R5, The plate
voltage & of V2 during cut=off is the desired output signal, It can be
seen that the cut-off tihe of V2 can be varied by varying the total re-
sistance in its_grid circuit (by R3) so that the negative grid charge leaks
off faster or slower, This in turn determineé the width of the pulse ap~-

pearing on the platé of V2,

Count Down Cireuits (V1 to V10 inc, dwg, D-S-1208)

Since all fiﬁe counter circults perform in a similar manner, the op~
eratlon of only one will be describede The 931 countef V2-V7, which di~
vides the Master oscillator-freqﬁéncy by 9 will be used as the example,

The 58,320 cps trigger pulse output of V16 if fed to a dual cathode
follower étage Vll,_which acts as a buffer to‘the-two low impedance out-w
putss The positive trigger voltage from Vlla is fed through a small ca=
pacitor C-18, causing diode V7a to conduct, The diode electron eurrent
thus charges C-29 to a poéitive voltage and deposits the electrons on the
diode condenser plate side of (18 during the pulse time, When the pulse
returns to zero, the electrons deposited on C18 leak back to ground via
diode current of V7b, but due to the pésitive bias charge of C29, diodg
V7a is non-conducting, and the charge on C29 remains, The next positive
triggering pip repeats this action i,e. more electrons are taken from C-29
through diode V7a and‘deposited‘on the diodé side of C18, When the trig-
ger pulse returns to zero, the eleetpons deposited on C1l8 again leak back

to ground via diode current. of V7b, but due to the additional positive

- bias charge of 029, diode V7a is non-conducting and the charge on G29 re..

mains, This action repeats for the remainder of nine trigger pulses, and

as each trigger pulse takes more and more electrons from 029, the positive

79



charges on this condenser buildlup in stair case fashion, uhtii the pos=
itive voltdge on the grid of V2b exceeds the cathode bias due to V2a,
If the cathode bias has been adjusted properly by R53, the nihth trigger
-pulse will exceed the cut=off biaé and tube.VZb will conduct, thus gener.
ated a short positive pulse o the platé 6f V2a (see "biased off® Multi~
vibfatoﬁAtheory for pulse‘genératién of V2), Therefore, of nine pulses
input, one pulse is generated oh ﬁhe output, and this pulse is in turn
counted down 9:1 in the next counter circuit, and in a similar manner,

7’ In ﬁhis fashion, the 58*320‘c§s trigger pulse is counted'déwh to.é
48 cps pulse, which 1s ussd'in/pari for comparison to the 48 cps siﬁe wave
in the comparison bridge for A,F.C;:control of the Master oséill@tor, as
previousiy described, The output 6f the 5:1 counter is 144 cps, and there~
fore usged for Vertical drivé‘purp§ses, wifh.its pulse width fixed>by
R1059061-to equal -the widfh‘required for vertical blanking purﬁoses. The
58,320 eps trigger pulse is also counted dwon 2:1 by tubes V1=V6, to delivm
er the required 29,160 Herizontal Drive pulse fequired. Two ecathode folw
lower tubes are usgd at V11 to isolate both ecounter chains, and make pro=
vision for external synchronizing purposes,

Condensers ClﬁwCBO«CA?%CéB and C73 are used to furnish a sample of

the stair case charging waveforam of the diode charge condenser it is in sew
ries with, the oharge actually dividiﬁg'up 1031 ‘babiess: the S sind

3

sample capacitorse
Generation of DRIVE Signals (dwg, D-S-1208)

Color drive is the output pulse of the 3:1 counter tube V5, with the
width of the pulse regulated by C71-R129, to the width shown in fig, 12d,
The pulse width tolerances are wide, and required within the 1limits shown



only for color mixer use,

Vertical Drive is the output pulse of the 5:1 counter tube V4, with
the width of the pulse regulated by C61-R105, to the Widfh shown in fig,
12c. The pulse width tolerances are widé, and required within the limits
shown becuase of required Veréicél blanking intervals for both IMO and
Receiver Blanking functions. Thié pulse is also used for triggering the
Vertical Sync pulse multivibrator, and‘vertical scan circuits,

Horizontal Drive is the outpﬁt pulse of the 2:1 counter tube V1, with
the width of fhe bulse régulated by 012—R26, to the width shown in fig, 12f,
It is used for IMO target blanking‘and drive fo fﬁe IMO horizontal scan‘cir~

cuit,
IMO Target Blanking Mixer Circuit (V30b-‘v21b.-v22~v26a ~ dwg, D-8-1208)

The Horizontal Drive pulse is cathode coupled via V21b to the grid
of V22b, The Vertical Drive pulse is cathode coupled via V30b to the

grid of V22a. Both Drive pulses are posa.tive and high enough in ampli~

tude (42v) to cause both grids to clamp, which biases off both plate cure

rents during the interval between pulses, The addition of both pulses in
the plate circuit, in a negative direction, results in a large negative
(68V) signal which is then fed:to:the grid of V26a;‘where only the top
positive 6 volts of the signal is used‘for plate current control, The
positive pulse mixed blanking is theﬁ coupled into a 75 ohm transmission
line in the C&mera-Caﬁle via C26, the camera end of the line being termi-

nated.'

Generation of RECEIVER BLANKING Signal (V21a~V18-V23-V30b dwg, D~S-1208)

Horizontal Drive pulses form the cathode outpﬁt of V21b, are differe

&
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ential by C52-R85-R86, and the positive front edge is thus used to trigger
off the Horizontal Blanking pulse generator tube V18 (see "Biased off"™ MV
theory for V18 action); The output pulse width is regulated by an adjust-
able rheostat R0 so that the hlanking, as observed after it has been mix-
ed with video, will fall within the limits as given in fig, e, (also see
page 44 for method of pulse measurements), |
The Horizontal Blanking pulse output of V18 is fed into the grid of V23a
for mixing with Vertical Blanking, The grid circuit of V23a uses a CIrys=
tql as a short,qircuit across R92; to reduce power supply interference
during the interval between pulges, the negative pbrtion of the pulse duty
cyclg cauéing the,XT—é diode to condﬁct.
_ The Vertical Drive pulse output from the cathode output of V30 is
fed to the grid of V23b, The high ampiitude of the positive Vertical Driﬁe
(42 volts) causes the grid of V23b to de clamp, which biases off the plate
current of V23b during the interval between pulses. ‘The addition of both
Vertical and Horizontal Blanking pulses in the plate circuit, in a negative
polarity'direction, results in a large (18V) signal which is then fed to
the grid of V28a, where only the top positive 6 volts of the signal is used
for plate current controls The klate output of V28a is further amplified
by V28 and then plate coupled to the grid of the Blanking mixer tube in
the Color Mixer Amplifier. The plhte decoupling filter C66 has purposely
been made small, so that low frequency pre-emphasis will distort the ver—
tlcal blanking to a positive slope (upward tilt) so that when fed into
the Vertical shading Control Circult, the slope could be over, under or
Just exactly corrected for, to give vertical shading to the'pictﬁre material,
It will be noticed that the Blanking mixer tube V23 plate circuit is

connected to the plate supply through a'common load resistance of the IMO
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Blanking MixerAtube-VZZ.- This is to correct for the time delay of the
Blanking ﬁulSe generator V18 in firing; by mixing the horizontal IMO Blank-
ing pulse in with the Reciever Blanﬁing, thus exiending the front edge of
Recoiver bidnking,by an amount equél to:the delay time,

Generation of RECELEEB SYNCHRONTZING Signals (V21a-VI9—V2AeV29-V2O—V2SQVBO
dwg, D=S-1208) o : ' ; ,

Horizontal Drive from the cathode follower VRla is differentiated

by C64-R110-R111, and fed to the grid of V19 Horizontal Sync. pulée gen~

‘erator, The grid‘firiﬁg of V19 is delayed by C87~R1ll so that a "front

porch" interval, as shown in fig, 12g, is allowed for, . The‘Horizontal
Sync. pulse is generated in the plate circult of V19 (see "biased-off"
MV theory) and then fed into grid V24a Sync. Mixer tube, A portion of

this voltage is also féd to the cathode follower output tube V29b, which

in turn feeds the pulse to the Monitor horizontal scan circult, so that

the timing of the horizontal secanning of the interval Color Monitor will

" be the same as the Receivers off-the=line,

Vertical Drive from the Cathode follower V30b, is differentiated by
082 and R152, so that only the positive ‘front sdge of the pulse would be
effective in_triggéring the fgrtical Sync. pulse generator V25 (see "Bias-
ed=off" MV theory for V25 aqtion)o‘iThe Vertical Sync. output éulse width
is regulated by R147, an adjustable screw driver control (see page 45 for

vertical pulse measurement procedure), to the width as shown in fig. 12g,.-

‘The vertlecal Sync. pulse is coupled to a cathode follower V20b, the out-

put of the cathode follower then feeding the Syne. Mixer tube V24, The
addition of both Vertical and Horizontal Sync. signals in the plate cir-
cult, in a negative polerity direction, results in a large (357) sigmal

which is then fed to the grid of V29a, The grid circuit of V29a is of
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low impedance with a crystal diode to prevent biasing from grid current,
This allows the grid of V294 to swing from zero bigs—%o way beyond cut-
off with only the top'é volt portion of the signal being used for plate
current control. .The c¢lipped top portion thus appears across a low plate

of V29a as positive polarity pulses and is then fed to the grid of the

Synce Mixer tube in the Line Video outpit cireuit, -The low plate load

R125 is to preserve the fast timewof-rise slbpes required of Sync. pulses,
as given in figi 12g. ‘

The Vertical Sync, pulse is also fed from the cathode follomer V20b
to the Vertical Scanning circuit of the Internal Color Monitor, so that
the timing will be the same as the Recelvers on=the=line that use this

same signal after it has been mixed, -

WFM_Scope SWEEP Signals (V26b~V27> dwg, D=5-1208)

The Color Drive.pulse is used féom cathode follower V30a output, to
drive the grid of V26b with a high positive pulseg de grid current clamp=
ing occurs, thus bilasing the grid of V26b to the near peak value of the
color drive pulse (45Y) or approximately ~40 volts during the interval
between pulses,--This allows the plate voltage to build up across C24~C87
vie condenser discharge throﬁgh R48, gWﬁen the next color pulse occurs,
the positive voltage on the grid of V26b caﬁses a heavy plate current
that stores up (charges) on C24-C87. During the interval between pulses :
this charge again leaks off through R48 and since the time constant is
long because of the high resistance R48, the discharge current is constant,
thus causing a jinear sawtooth voltage to appear across the output. This
sawtooth voltage is further amplified in the scope amplifier for horizon-

tal deflection, O8ince the color drive pulse is algo used for firing the
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red gafing pulse generator, the three video fieclds as'seen with this 48
cps~sweep on the Scope will always be in Red-biue-gréen sequence,

The Horiz&ntal Dfive'pﬁise is used to %ightly synchronize a free run-
ning multiviﬁrator V27 through a smail coupling eapacitor C4l, The free
running MV is sinilar to the "Biased=off" multivibrator, with the excep=
tion ﬁhat the fi;st séction is also at zero bias, thus allbwing both plate
circuits to alternately bias off the other grid. R73 is used for frequen=-
ey adjuétmént and C43 is used for building up a sawtooth waveform, that
is further amplified in the Scope horizontal deflection amplifier. The
frequency is usually adjusted to show two horizontal line periodé on the

Scope trace,

Using Fxternal Synchronizing Signals

External Drive Signals are used 6nly to irigger the internal Drive
pulse generators, The external Drive signals themselves are not useds
There are three good reasons for this actiont

(1) Effects from 60 cycle hum pick-up on the external lines
are minimized.

(2) The most 1mportant reason, all Drive pulse widths are
fixed by the internal Drive pulse generauors, and won't
change when the switeh is made,
(3) Avoids the changing of circuitry to provide amplifiers
for the many outputs required Br Drive Signels,
The external Reciever Sync, and Blanking signals agre usged, and added
to the video signal at the appropriate circuit,

When the EXT-INT. Sync, switch SW=3 is turned from INT, to EXT,, +150

- volts de is epplied tovall solenoid relays SW 110a to e inclusive, with

the following cireuit action results:

External Horizontal Drive is amplified in V15b to a positive high amw



plitude pulse, which when fed into diode V6 causes the diode current of
Véa to completely charge Cl4 to a high positive pularity voltage (no
counting charges take place) with'the consequence that Horizontal Drive

pulse genersator 7 is immediately triggered, and generates the Horlzontal

Drive pulse that 1s used‘as normallye

Egterna; Vertical Drive is emplified in V20a to a positive high amplitude
pulse, which when fed into diode V9 causes the diode current of V9 to
completely charge 62 to avhigh positive pélarity voltage (no stair case
counting charges take placé’ with the consequence that Vertical Drive
pulse generator V4 is immediately triggered, and generates the Vertical

Drive pulse that is used as normally,

External Color Drive pulse is amplified in V15a to a positi%e high aﬁpliw
tude pulse, which when fed into diode VlO cauges the diode current of V10a
to completely charge C72 to a high pésitive polarity voltage (no step
counting takes place) with the consequence that Color Drive pulse gener-
ator V5 is immediately triggered, and generates the Color Drive pulse that

is used as normally,

Note: All external Drive input ean bé made as high impedance bridging ine-
puts by removing the 75 ohm terminations, aﬁd returning the drive signals
back to J104 ﬁia a comax cabie. This is eépeodally useful when two cam-~
era chains are being used side by side or in the same room, and have to
share the one source of Externag Drive signals, This is also true fér the
external Blanking signal, If the video from camera console #2 is fed back
into camera console #l, the external Syne., can be added to both video out-
put signals; Four additional co-ax cables running between J104 socket con-
nectors on both camera consoles are required for this type operaﬁioﬁ,
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Program Audio Circuits (V33-V34 dwg. D=85-1208)

ProgrambAudio amplifiefs are usually considered as a separate piece of
eQuipment an& noﬁ Sﬁﬁplied as ‘part of camera equipment, Because the Veri-
color industrial equipmenf'is not intended for bfoadcast studio use, it
was felt that in the interest of cpmpaetn;sé‘and‘one control panel for
everything, the two extra tubes-and miniature transfbr@ér required for
such service would be:wélqomé, o

Twovsgparate high,impeaance microphone inbuts are provided with conQ
nectors J106 & J107, ﬁith'a parallel extension.cdhnéctor JiOS.in conmon
with J106, The,two,ihputs tosd two front panel PGM AUDIO GAIN @ntrols,
which control the signél level of eﬁéhrfo a mixer;amplifier‘tﬁﬁé V?B@ A
The mixed plate ouﬁputiis then further amplifiéd by V34§‘and output fﬁbé
V34b, with output transformer T3 providing\a 500 ohm “balancedvto'g§ound"
output, , | 4 - a a . _

Frequency reéponse‘shbuld:be as shown iﬁ fig. 19, It wili'bé.ﬂoticéd
that inereasing C9 or‘Gll, or both, will increése'the.réSpohse of the low
frequencies in case it is}rquired for phono music from a turn table. The
lack of low.frequency réqunse;(below speeéh fréquencies)is intended to
reduce an& 48 cps or IAL,cps intérferénce froﬁ the adjacent~$ync benérator
pulse circuiﬁs. The amplif;er’has an overall ééin of over‘SQO, wifh an out-
put overload point oft 18 db, -Sdb on peaks (O, Vilj is the level nofmally

used on program lines to the audio amplifiers in the receivers,

Inter-Commnioation Anplifier Gireuits

Because a good mﬁny of the inter—éo@ phone sefs are located at remote
Vericolor feéiéﬁer'pbéiiions, it was felt that the uswal "Repeater Coil"
type of inter-com Was»not\adequate, with the usual fault of dropping low
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in volume as more head sets are connected in parallel, Since long dis~

- tances are usually involved between eamera equipment and receivers, an

‘amplifier with balanced input and output connections, has béen built ine

to the Vericolor Camera Console
W.Es telephone Headsetsvare used by camera and console operators,
with excitation current for the carbon mikes supplied by the céthpde curs

t—of V3la, One

rent 4 _ ;
half of the input traﬁsformer T=1 primary is used for the hiké input - of

the local camera and console operating personnel, and one haif,éf-the iﬁ~
put'transfor@er is used for mike outputs éf the receivers., Each Receiver,
Whenxtu:ned”on, supplies ite own mike curfent, The outﬁut of transformer

T=~1 feeds a frént.panel gain»control, Whére the amplitude of the signal

is selected and fed into two stages of amplification V32a and Vézb. Re=

sistors and condensors of both amplifier stages have been selected to fa=

vor volee frequencies, as shown in fig., 19, The output transformer feeds

two separate secondary winding outputs, One balanced 250. ohm output is
used for feeding all headsets and telephone recievers at the color receiver

locations, the other output 1s terminated with 220 ohm resistor via SWL09,

'until'someonasat a recilever location wishes to talk to the.surgeoﬁ. When

the small buﬁton_located on the phone at the receiver is pressed in, a

wire connection from the grid‘of V31b is shorted to ground thus removing
grid cutwqff’bias,fcaﬁéing plate current of V31b to energize the solenoid
of ‘SW-109 which thréWs‘sWitoh output to lines going to surgeoné earpiéée. i

Instructions for setﬂing levels are given on page 33'énd 3bie

-Meter Test Switeh (SWel dwg, DwS=1208)

The ¢ircuitry is arranged in such manner that if two- switeh buitdens

are presséd in at the saheutime, no shorting between test point occur,
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R=157 meter shunt resistor is tailor made to suit the meter used, and if

the meter is replaced with another type, the internal impedance of the meter

will affect the accuracy of the focus cuirent neading. This can be checked,

with a ‘good grade 100 ma meter in series,:fei'accuracy, and changing the

wire turns of R157 until meters match,

Optical Focus Switch Gircult (dwg. D-8-1208)

The switch is wired in such manner that the optical focus motor ro=-
tation can be reversed depending upon the ™ap" or "down" position oﬁ the
switch, V35 and V36 are pilot lamp indicators, that indicate when motor
current is being used, thus indicating to the operator when the focus
power has been shut off when the focﬁs eoil carriage in the camera has
reached. the 1imit of its travel, Tﬁé 15 ohm shunt resistors limit the
pilot lamp current to a safe velue'and also brovide emergency continuity
in case of pllot lamp burn out, 685, C86'and”R158 constitute a switch
transient suppressor, If picture flashes occur When throwing the switch

toggle up or down, €85 and C8%6°may bé increased in value,

COLQR MONITOR,& SQAN.CHASSIS:GEECUITRY

Color Monitor Video Amplifier Cireuit (V13~V14~V15-V16 dwg, D=5=1207)

Amplifier input selector?switch SW=107 is used to select any one of
seven test poinfs-thronghout the control unit, and feeds the selected teet
signal into the high impedance grid Input of Vl3a. The plete circuit of
V3la, including Gain Control, is frequency compensated by cathode peaking
capacitor C34s The level of signal selected by the Gain Gontrol R66 is

further amplified by conventional wide band 10 me amplifier V13b~V14~V15
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and de re-insertion is accomplished with one half of V16 for the kinescope

grid,

Waveform Monitor Circuit (V18-V19-v20 dwg, D=8~1207)

The switching eircuit and video amplifier tubes of the Oolor NMonitor
is used as a pre-amplifier for the Vertical output tube V18, a portion‘of
the signal being takeﬁ from cathode resistor R76 of the last video, tube,
Push=Pull® output is obtained by feeding signal from the plate output of
V1i8a to the grid of V18b, a conventional phase splitting circuit giving
equal outputs frgm cathode and plate., The frequency response is adequate
for this type of scope presehuﬁim%being in the order of 3 db down at 3 mes,

Horizontal sweep scanning speeds of-either 1/48th second or 1/14,580th
éecqnd, in sawtooth waveform as generated in the Sync Generator chassis,
can be selected by SW~108, with high enough amplitude to drive the hori-

zontal push-pull output stage V20 directly,

Céntering of the trace in either direétion is accomplished by biasing
the condenser. coupled cathode output tb a positive voltage that can be

either above or below_the plate voltage drop of the plate output. side,

Color Monitor Vertical Seanning Gircuilt - (V1O-Vlla dwge D-5-1207)

A high'amplitude (40 volts min, ) Vertical Drive pulse is used to
drive the grid of the Vertical discharge tube.V1lla, Rheostat R41 in the
plate circuit controls the‘positive voltage available and therefore serves
as an amplitude control for the sawtooth output of Vlla, The output of Vlila
" is coupled to the grid of the Vertical output amplifier tube V10, ' Vertical
Linearity control R39 regulates the value of sereen-grid voltage on the
output. tube, thus shifting the operating range of the tube from linéar‘to

=90



(

AN LN

(

non=linear ranges, thus distorting the output waveform to counter=act the
low frequencyxdistortion of the output transformér. The output of V10 is
coupled to the vertical deflection_coil by transformef T-2, and centering
is obtained by using the voltage drop across tapped potentiometer RBthO
cause plus or minus current flow through the vertical deflection coils,
Resistor R-31 is provided so that the scanning waveshape caﬁ be observed
with an oscilloscope, as degcribed on pages 39 and Ab.

Color Nonitor Horizontal Scanning and High Voltage Circult (V1eV2-V4~V5-
V6=V7a=V25 dwg. D-S8~1207) .

A horizontal drive pulse having a minimum amplitude of 30 volts, gaak
to peak, is used to drive the grid of #he horizontal discharge tube V7a,
The sawtooth output of V7a is coupled to the grids of the paralleled power
output tubes V5 and V6, The output of the power amplifier tubes V5 and
V6 ié coupled to the horizontal deflection coils and to damper tﬁbe Vi
through transformer T-l, Centering current of the proper polarity and a-
mount is fed into the horizontal deflection coils by R2, which is connect-

ed in serfes with part of B4~ power supply circuit9

The Damper tube V-1 performs two functions (1) to dampen out transient
oscillations due to shock excitation of the reactive output éircuit and (2)
to convert the damping energy into additional de voltage "Boost! supply,

The circuit functions as féllows:

At' the end of the trace scanning period, the sawtooth voltage as fed
to the output tubes goes negatife, considerably beyond plate current cut=
off, - The magnetic fields across the output transformer T-1 and scanning
coils Lnl collapse rapidly, andvin doing so cause a very high voltage surge
across the trhnsfofmerg

As designed, the output transformer and eircuit has a resonant period
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approximately equal to twice the desired retrace time of 5.5 mieroseconds,
or 11 microseconds. Ths sharp cutting off of the plate current in the pri-
mary of T=1 shocks this resonant eircuit into oscillation, During the first
half cyele of this ;hiock oscillation (595 microseconds) the very high_éurge
voltage across the output of T-1l is negative, so the damper tuﬁe will be
non~conducting, At the instant the oscillation current reaches its maxi-
mum negative amplitude and starts to dcay, the voltage across the output
reverses snd becomes positive (second half cycle), and tube V-1 conducts,
At this particular instent, active line trace begins again, ahd the energy
being returned from the now negative collapsing field induces current flow
in the yoke with the damper tube reéulating the current flow to a constant
value, Thus during the first part of the scanning period, the damper tube
V~1l supplies current -derived from the erergy in the magnetic field, the
tubes electron flow, from cathode to plate, being taken from C49,L3 and
C48, thus charging both condensers more positive which "boosts" the B sup~
ply voltage to the ocutput tubes, If linearity control is desired during
this part of the sweep, C49 and.L3 can be changed to distort the electwon
flow of V~1l, The values as shown are for‘pest linearity conditions as ad--
justed at the factory,
During this first part of the scanning period, -the output tubes V5
and V6 are biased very negative by the high amplitude grid excitation, *
therefore all of the scanning current is supplied by the "damper=booster™
tube V-1, However, during the latter part of the scanning period when the
stored magnetic energy is just about dissipated, grid excitation is such
that the output tubes V5 and V6 start supplying plate current agéin, with
the "damper~booster™ tube V=1 supplying practically no cdrrent,

Resistor R~1l is provided so that the yoke scanning current waveshape
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can be observed with en oscilloscope.

High voltage of approximately 14,000 volts for the kinescope second
anode, is supplied by a "Flyback" type of supply using tubes V2~Vi~V25 in
a "doubler" service.r V25 is used to replaee the conventional resistor
used in doubler service, to glve less series voltage drop and better volte

age regulations,.

Pig, 20
c21
!___ " "‘“‘{ :4, npn
b
| "B" +14KV 2nd
# V25 (. ;L» Anode
< ok
= % Capacity of
HV cable
< i ). _+8v =}'|+
V2 + —‘ |
020 - €22

Simplified H.V. Supply Circuit

During the horizontal flyback or retrace period, the sudden collapse
of magnetic energy, as mentioned before, generates a very high voltage
surge across the output transformer, negative in polarity across the sec—
ondary, positive in polarity across the primary,‘ The extension of many
more- turns on the primary above the plate connection makes this complete
winding act as an auto-transformer, thus stepping up the positive pulse
surge voltage to approximately 1O0KV. ﬁith reference to either the sche~
matic ‘drawing or the simplified sketch as given in fig.20, when the first
positive pulse occurs, electron flow of V2 will charge C=20 up to approxi-
mately 8KV, After the first positive pulse leaves and during the interval
between pulses, diode V2 is non-conducting therefore the positive charge
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on C-20 causes point "A" to also charge to 7KV via diode V25, which in
turn causes diode V4 to change the output capacity to 6KV, ThHe inside
plate of C~21 is therefore 7KV with respect to ground, The next hori-
zontal pulse is coupled through €21, thus adding a high positive pulse
to the 7KV already there, making a total of 17KV during pulse time,
This causes V4 electron current to charge up the output capacity CX to 14KV
volts, allowing for voltage drop across V4 internal impedsnce, The funs=
tion of V2 after this is to keep 020 charged to 8KV‘which'in?turn’keeps
point "A" at 7RV so that when the 10KV pulse is added to point "A" the:
total wiil charge up point "B" to 14KV. C=22 in seriés with C-20, plus
the parallel capacity of the co-ax cable provide sufficient filtering at
that frequency,

A variable iron core inductance is placed across part of the second=
ary to act as a variable shorting reactance, The more inductance that it
is adjusted to, the less loading effect on T~1l, therefore more scanning -

current available,

IMO Vertical Scanning Circuit (V11b-V12 dwg, D-8-1207)

e e e AR I e D e S

-A high amplitude Vertical Drive pulse (40 volts min) is used todrive
the grid of the vertical discharge tube V1lb, Rheostat RZOQ (front panel
control dwg, D-S-1206) in the plate circuit controls the positive plate
voltage available and therefore serves as an amplitude control for the
sawtooth output of V1llb, The output of V1lb is cdupled‘td the grid of the
vertical output tube V-12, Rheostat R54 in the cathode circuit serves as
the linearity control by varying the grid operating bias on the output
tube, to compensate for the input’sawtooth non«linearity'or low frequency

distortion of the output transformeral The output tube V12 is coupled to



the vertical defleetion coils by transformer T-4, and centering current of
elther polarity is obtained by using the voltage drop across R49. A re~
sistor, R50, is provided so that the yoke scanning current waveshape can

be observed with an oscilloscope,‘as deseribed on page 37,

IMO Horizontal Scanning Circuit (VB-V?b—V8—V9 dwg, D-8-1207)

A horizontal drive pulse having a minimum amplitude of 30 volts, peak
to peak, is used to drive the grid of the horizontal discharge tube V7b,
The sawtooth output of V7b is coupled to the grids of the paralleled pow-
er output tubes V3 and V8, A variable resistance R21 provides "peaking®
of the generated sawtooth waveform, which gives a modest amount of linear-
ity control of the yoke scanning current via damper tube V9 action, The
output of the power amplifier tubes V3 end V8 is coupled to the horizontal
deflection coils and damper tube V9 through transformer T-3, Centering
current of the proper amount and polarity is supplied by utilizing the
voltage drop across R29, Resistor R199 (see &wg. D-5-1206) in the cath~
ode circuit of V3 and V& controls the bias and degeneration of this stage,
thus controlling the output, It is labeled "IMO WIDTH" control on the
front panel,

The damper tube V9 action in suppressing transient oscillations and
supplying a boosted voltage to the output tubes, is identical to that as
deseribed for V1 under the "Color Horizontal Scanning and High voltage Circe
cuit" and will not be repeated here except for the difference that this out~
put circuit uses two output secondaries, one is used for the actual scanniné
current, with a turns ratio to mateh the trahsmission line fo the camera,
and one secondary with a higher turns ratio to provide better magnetic

coupling and higher voltage for "boosting" purposes, Becauée of tight mag-
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netic coupling the two windings caﬁ practically be considered as one, as

far as damper tube action is concerned.

EXTERNAL PCWER SUPPLY UNIT CIRCUITRY

48 Ovcle Motor Generator Gircuit (Dwg, B-S-1217)

It is advantageous and required by the Underwriters, that the prime
60 cytle ﬁoger supply with a common ground not be allowed to enter s haz~
ardous location (NFPA 5-1 and NFPA 5=5)s Locations in which hazardous o
concentration of inflammable gases or vapors exist continnously; intermit-
tently, or periodically; under normal operating'conditions, is termed. by
the NBFU¥1947 Electric Code (P 187) as a "hazardous location”, NFPA*§~2
terms hospital operating rooﬁs, delivery rooms, pre~operative and anesg~
thesia rooms as "hazardous areas, with the hazardous location to be comsdd~
:gPed as extending from floor'level to five feet above the floor,

Instead of using a large Power isolation transformer for the Veri-
color equipment, it was advantageous to use a frequency changer which in
itself provided the necessary power supply isolation with no common ground,
and. generate a frequency that 1s common to the color systems which could
be either 144 cyecles {vertical seanning rate) or 48 cycles {color frame
frequency)., In this way the color disk and drum motors would not require
gears or belting for the 1440 RFM speed required, and any electrical or
magnetic interferepce from the power source would be synchronous and thus
cause the least amount of interference, The 48 or 144 cycle supply, since
it is synchronous to the 60 cyclé supply in the building, aléo supplies a
steady lockiﬁg voltage for the Sync Generator to synchronize to. Thus any
receivers on the same 60 cycle power supply can use synehronous motors to

~Q6~
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drive their color diske .

Power may be applied to the motor generator st the box control panel
by throwing SW-1 to the "ON" position or it mey be applied remotely by’
throwing SW-}.located on the "Beam Control! at the control console to the
"ON" position. This action supplies power to the solenodd of SW-2 and
time delay felai SWa3, SW-2 closes and applies power to the motor generv‘
ator, which should reach almost full running speed within five seconds,
After 30 seconds reley switch SW-2 closes and applies power to the Regu-
lated &c Supply chassis (SK=D=S5-1210) and to the Selenium rectifier T-1
which supplies a pulsating de voltage (95 volts at 1.2 amps) to the motor
generator field coils, bringing the motor generator into synchronous speed
(the dc is not used for field excitation for output power as might be sup-
posed, but merely for synchronizing the motor to the 60 cycle line),

The reason for the 30 gsecond time delay switch, is to allow the 48
eycle (or 144 cycle) power to warm up all tube filaments and the -150 volt
bias supply, before the main de plate power is applied from the regulated
supplys The time delay is not eritical and may be adjusted from 30 sec~
onds minimum to 90 seconds maximum., Any time power is interrupted or turn-
ed off, the time delay of Sw-2 automatically recycles to its starting po-
sition, This is to avoid the possibility of applying de plate voltage
without negative bias, and particularly the application of de power ﬁo the
motor generator field winding before it is up to near its normal running
speed, as otherwise the Motor generator will labor heavily or not start at
all.

All input and output circuits have test points provided for easy teste
ing with normal test meter prods, and eachtest point has an engraving on

the terminal board to show what test point it is, Needless to say that the
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control box with its cover off a;d_gll test lugs exposed is dangerous to

1ife, Watch out particularly for dangling test leads and keep cover on
for the safety of untrained personnel,

One motor generator set, with its control box, is required for each
camers c¢hain, The following data concerns the input and output voltages
and currents for the 48 cycle motor generator set, when it is operated at
the lowest and highest power line voltages that the equipment will work

satisfactorily at, and its normal operating drain,

4.C. Power Input = 60 cps three phase 4 wire "Y®

WORKING LIMIT VOLTAGE POVER

UNDER FULL LOAD  BETWEEN PHASES  AVERAGE FHASE CURRENT  ,75pf
Lowest = 190 volts 4 2.65 amps 660 watts
NORMAL 3 208 " 3,0 1 glo o

. Highest = 240 v hoky " 1370

A.Ce Power Output = 48 cps three phase 3 wire delta

WITH MOTCR GENERATOR GENERATOR @ 90%
INPUT VOLTAGE AT  OUTFUT VOLTAGE LOAD CURRENT  POWER FACTOR
190 volts 106 volts 1.9 amps 350 watts
208 18 2,1 ™ 430
2,0 0 132 n 3.1 M 710 o

The loading of each generator output phase is well balanced, and is

within 10% of the values as given in the above table,

=280 Volt Regulated Power Supply (Dwg, D~S-1210)

This power supply provides a source of regulated dc voltage for one
camera chain, A multi-tapped primary on the power ‘transformer:allows the

input voltage supply to be from 100 volts to 130 volts the tapped
' ~98w-
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switch being set to the point where the ac voltage input as read on M-1
reads between 115 and 120 volts, At this switch position the power gup=-
ply will require 6,5 amps from the 1:'Lnre,1

The power supply delivers 1.0 ampere of direct current at any voltr
age betweeﬁ %4270 and 4-290 volts, with less than 30 millivolts, peak to
peak; of 120 cycle ripple voltage scross outputs The voltage output is
maintained constant over a load change of 400 ma and through inﬁut volte
age varia@ions of plus or minus 5 volts on any given tap of S-2,

Rectification of the high voltage output of T-1 is accomplished by
three tubes in parallel in each branch of the full wave ¢ircuit (V1 to
vé inp.)o The de output of the rectifier tubes is filtered by a convend
tional LC filter, with four 4 henry chokes in parallel., The 1000 volt 1t
15 mfd o1l condensers used will take any dec surges, thus not requiring
thermal delay switch RS-l as an absolute necessity, as these type switch~
es have been known to give trouble, However, if RS-l is not used, it
would be advisable to wire in a one watt neon bulb (with no internal re~
sistance) between the grid and cahtode leads of any one of the output
tubes (V7 to V11 inclusive), which a&oids a temporary high positive wvolt=
age between grid and cathode.

‘The voltage_regulaﬁing circuit consists of five controlled tubes V7
to Vll-inﬁlusive, ali similar elements connectéd in:parallel but with pape

asitic suppressor resistors for rf isolation (i.e, R~11. Re13, etee)o

These tubes act as‘variable resistors, their internal resistance being con~

trolled by the bias on their grids, The bias on the controlled tubes is
regulated by the voltage aﬁpliéd to them by the dc amplifier tube V-12,

The operation of the circuit is as follows:

(a) consider the aotion of the de amplifier tube V12 when for ex~
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ample the de output voltage should be reduced for an instant, Since any
de variations will be coupled through gas regulator tube V13, almost all
of the de variation will appear across cathode resistor R33 (rapid ac var—
iations would be coupled to R33 by C=4) thus lowering the cathode &oltage
to Vi2b, This in effect decreases the negative bias on V12b causing more
plate current, which in turn lowers the plate Qoltage on V12b, Since the
grid of VlRa is directly coupled to V12b plate, this causes additional hege
ative bias to Vl2a decreasing its plate current, The decreased plate éur—
rent of V12a causes less voltage drop across R«2l, which results in less
negative bias to the controlled outptt tubes V7 to V11 inclusive, This
decreases their plate-to-cathode resistance, thus causing less voltage
drop between the plate and cathode thus increasing the cathode to greund
voltage, The circults would function in the reverse maﬁner if the de
output voltage should try to increase, V14 is used ms a constant voltage
reference level for V12a, keeping the cathode voltage constant regardless
of control grid varistions (the characteristics of gas tube regulators are
such that the voltage across the tube remains practically constant irrespec~
tive of current variations through the tube), and for supplying a fixed
de reference level across R=30, the slider of R30 governing the de ﬂrefer-
ence voltage to V12b,

A small dry rectifier RX-l, used for full rectification of the ac in-

put voltage, supplies a proportionate dc to meter M-l through meter selec-

~ tor switch Se~1, If gn ac voltage as read on M-l falls close to 120 volts,

the ac power input voltage will be indicated by the pointer on the switch
knob of S~2. R~-2 multiplier has been selected to make Ml read properly
by matching the ac voltage as read by a precision type ac voltmeter across

the rectifier ac input leads,
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R«l in series with M1 converts Ml to a voltmeter having a full scale
reading of 1.5 voltse Switéh S-1 in positions 1 to 5 inclusive, places %
this 1.5 voltmeter across sither of the 5 ohm resistors and measures the
plate current drop across the resistor, thus indicating how much plate cur-
rent is fléwing for that partiqulér tube, For example, 200 ma is the aver-
age plate current per tube, and‘200 ma through 5 ohms Wiil cause.l volt a-
cross the résistor, which causes the meter needle to move up fwo»thirds
to where the i volt should be indicated, This is the saﬁe reading as ine
dicated for 200 on the voltmeter scale, so the.mefer will thus indicate
directly the number of milliamps current fldwing fhroﬁgh each tube,

On meter selector switch position 6, the combined total piate current
of all controlled tubes V7 to V11 incs, Wili flow through R4, a one ohm
total reéiétanceo Very close to 1 ampere on an average'will flow through
this one ohm resistance, again causing a two-third scale meter movement.,
However since this now indicates five times as much current, the scale
reading for this position will have to bé multiplied by five to give the
true total,current,

R~3 in series with M-l cbn&erts the metér back to its original pur~
pose of measuring 300 volts de, and in switch S-1 position #7, the meter

measures the regulated de output voltage, with direct scale reading,
Time Meter (Dwg, D-S~1210)

A time meter is supplied on the regulated supply that reads directly
in hours thetbtal time the equipment has been run., It is most useful for
clocking the amount of time in hours that different Image Orthicon tubes
are used for, such information being required by the manufacturer in case

of tube failure, The tube time required is that time when filament and
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de voltages are applied to the tube,
MAINTENANCE NOTES

To_remove Camera Color drum & motor drive assembly

The color drum and motor drive assembly may be removed from the
camera as followss |
1., Open the head of tﬁe camera, which is hinged at one point, by
loosening the two lock.écrews which are kocated approximately

24" from, and slightly below, the tally lights,

2s Unplug the color drum motor power plug which is loeated in the
lower right hand corner of the camera head when it is in the

opened position,

3s The color drum motor is mounted on a circular metel disc which
is Lipéarted at the rear of the camera head, To remové this as~
sembly, color drum, motor and mounting disec, remove the four
screws on the ouber periphery of the circular disc and push
the whole assembly out towards the rear being careful at all

times not to scratch the filter materials on the color drum,

Io Remove the Camera Color drum from the motor.

The color drum may be removed from the motor shaft ag follows;

1
e

1, Loosen the set screw (8-32) by inserting an Allen wrench (1/8"

across flats) into the hole provided in the color drum.

2, Slide drum off shaft,



(

(

To remove and place a filter segment of the Camera Color drum,

The filter segments of the color drum may be replaced, after the color

drum assembly has been removed from the Camera head, as followss

1.

2e

3e

Remove the clamping strip: on ¢ké side of the filter segment.
that is to be replaced by unscrewing the two screws that fas-

ten these strips to the drum ribse
Lift out undesired filter segment, and replace,

Don't get fingerprints on filter segments, Use white cotton
gloves when working with or replacing camera filters. An ex~
tremely miled water-detergent solution mey be used for cléan~
ing strips, using a lens cloth or very soft flannel for polishs-

ing,

To_remove the Kinescope color disc,

Lo

2o

30

bo

Remove the 3+20 bolt which elamps the disc housing, This bolt

1s located in the upper right hand corner of the housing,
Remove the lucite cover plate of the disc housing assembly,

Remove the six screws from the retaining ring which clamps the

disc to the disc hube

Remove the disc,

To remove a filter segment from the kinescope color disca

A filter segment may be removed from the dise in the following manner:
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1. Remove the rivets which hold the filter segmernt son to the lueite

disc,

2. Remove the segment,

“Iaetillation of fecus coil in monitor

During the course of servicing of the color monitor, it may become
necessary to remove the deflection yoke and focus coil from the metal kine-
scope shleld, Care must be taken in replacing the focus coil inside the
shield, The coil must bé replaced in such a manner, éhat the gap, which

can be identified on the inside of the coil, shall be closest to the screen
end of the kinescope tube, This is to insure pveper focus within the range

of the focus control, Should the coil be reversed, poor focus of the kine-

scope tube would result,

It shall probably be noticed, that the position of the focus coil, has
a definite bearing anthe centering of the raster on the picture tube, It
also has a definite bearing as to the brightness of the raster, Any sacri-

fice of picture brightnessy for the purpose of centering the raster on the
plcture tube, by means of the focus coil, will result in a poor color pic-
ture, subJect to low highlight brightness and poor high voltage regulation,
It is therefore advisable to adjust the positlon of the focus coil for max~
imum raster brightness, Centering of the raster should be accomplished by
means of the centering controls, It should be kept in mind that if it be-
comes necessary to affect a compromise it will be done at the expense of pic-

ture quality on the monitor.
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NOTES ON MULTIPLE CAMERA INSTALLATION

IN HOSPITAL OF VERICOLCR EQUIFMENT

ls Television Master Control Room

In view of the large number of cameras and receivers anticipated
one room shall be set aside for the use of terminal equipment,
such as switching amplifiers, power supplies, synchronizing sig-
nal generators and amplifiers and eross-connecting receptacles,
This room is to be known as "Television Master Control® and all
camera and receiver lines terminate in this room,

Ventilation was to be provided so that the temperature would not
exceed 90 degrees F, maximum, Some faéts for the ventilating en-
gineer are (1) for each camera used, associated power equipment
in "Television Master Controi will dissipate not over 400 watts;
(2) for each receiver (or receiver line) the "station selector
amplifier" will dissipate not over 156 watts; and (3) the syne
generator and its power supply, plus the syne signal distribution
amplifier will dissipate not over 550 watts, in the form of heat,

The sync signal generator and its power supply, plus the sync sig-
nal isolating amplifier can be installed in a typical cabinet
racks 78" high by 24" wide by 19" deep (similar to Par-Metal Cat,
No, P7818), The racks weighs 250 1bse, making a total load of
500 lbse per 3 sqe ft, floor space (160 1bs, pPer sq. ft.)

Fach special power unit for each camera chain takes up 25" X 223
of floor space by 263t high (max. 0.Ds) and weighs approximately
335 1bs, (86 1bs, per 8q. ft.) These units may be mounted directe
1y over each other to conserve floor space, if the floor loading
will take it..

Six "Receiver Line Station Selector Amplifiers" plus two regulated
power supplies for their operation will fit into a typical cabinet
rack (similar to that used for sync sigeml generator equipment).
Rack weight is 250 1bs., equipment weight approximately 300 lbs,

Racks may be mounted alongside each other, but a minimum of 3%
feet should be allowed between the racks and any walls for proper
servicing of the equipment, :

A block diagram showing the equipment layout for a "Television

Master Control Room" is attached and will give the required power
and connector facilitiese
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2a_Camera Pilckup Locations

A camera pickup location may be defined as any point where con-
nection facilities are already wired in, such as an operating
room, laboratories, medical library, autopsy room, X-Ray and
radio=-graphic suites, specialty clinic rooms and perhaps from
the radiocactive isotope department, One or two cameras at each
location may be involved,

When the term "camera® is used, it is understood that this also
includes a "camera control and monitor®, It is not good prac-
tice, either from an operating viewpoint or a price viewpoint.,
to build a camera control and monitor unit to control two cam-
eras. However, these units, as they are supplied, can bs used
for mixing two signals from two cameras into one program output,
For example, considering a typical operating room installation,
if camera #l is located within an operating room light and cam-
ere #2 1is located in a fixed position on the ceiling (or on a
portable boom~dolly), the signal from #2 camera control unit can
be fed into #1 camera control unit, and the operator at #1 cam-
era control unit can select either signal and feed it out on
the program line to the receiver.

When "Television Master Control " is located on a floor other
than where the cemeras are located, it is advisable to provide
a minimum duct space of 2" X A" for the power leads end an ade
ditional 2" X 4" for he audio and video sigrils, These ducts
will handle all inter«floor leads for three complete camera
chains, 4 X 4 ducts may be used for six, etec, Normally a 13"
conduit is used between the inter-floor duct and the camera joleld
sition for video and signal lerds, with a 1" conduit between
the same points for power leads, It is not advisable to mix the
power and signal leads in the same conduit or duct, because of
hum pickup in the audic and video leads over a long distance,

If a viewing receiver is desired in the operating rooms (above
the five ft. level but tilted) so that its own program or sig-
nals from other points can be viewed, its installation should
be the same as given under Receivers, The station selector,
however, should be installed above the five ft, level or in the
"camera control room" where the camera operator can select the
program for the surgeon upon his instructions over the intercom,
This O,R. receiver will require its own "receiver line station
selector amplifier" in "Television Master Control',

Receivers

From one to as many receivers desired can be connected in "series™®
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fashion to a receiver line, The station for selecting programs

is shown on the first receiver on the line but it can be mounted
at any convenient point, When a program is selected, all receiv-
ers on that particular receiver line receive that program, The
receivers do. not have their own program sslectors unless they have
their own receiver line and selector amplifier in "Television Mas-
ter Control", When the program selector unit is operated, the
video signal, the program audio, the inter-communicating aydio

and the Surgeon's communication control leads are switched to

the desired pickup point,

Lighting Required for. Camera Pickup

It is important that the camera "seeg® only what the human eye
sees, particularly in color television, The image orthicon tube
used in the camera does have a response in the infra-red region
and therefore can pickup a signal that the eye does not. This
extra signal picked up by the camera will be super=imposed on
top of the color signals, thus contaminating the true colors,

It is therefore important that any light source that is used for
color television does not have an excessive infra-red component
(such as 3500 degree K, fluorescents)s If the light source does
(incandescent lighting of 2800 degree k) it is necessary to eith-
er filter the light source with #3962 aklo glass (or its equive
alent) or use a polished and optical ground #3962 aklo glass
filter with the lens in the camera,

Wilmot Castle, Luminair, or any other infra-red (heat energy)
corrected source of operating room light may be used for surgery.,
Both these lights give excellent color pictures,

For elinical programs, much depends upon the type of program,
Actually the type of program is very similar to the type of pro-
gram picked up in a regular television station studio, and to a
certain extent may be treated the same way, if similar results
are expected. In general it might be said that it is advisable
to have approximately 100 foot candles of flat overall 3500 degree
K, lighting over the camera pickup area, This can be obtained
from "white" fluorescent lamps rrrovided they are split up evenly
on three electrical power supply phases, If 2900 degree K, in-~
candescent lighting must be used, then 200 foot candles are de-
sirable if not infra-red filtered, This allows for approximately
50% attenuation in the aklo #3962 camera lens filter, Half of
these foot candle figures will give a good color picture with

-some loss in focal depth of field, It is desirable but not nec~

essary that incandescent lighting be run off of either two or
three phases, Single phase will give a good color picture,

A good overall general type of lighting would be to have 50-100

foot candles of flat light from ceiling fixtures and then sup-
port this lighting with portable floor fixtures. It is a good
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idea not to mix fluorescent with incandescent lighting but to
use one or. the other exelusively unless the service of a lighte
ing expert is available,

A typical installation woud be a camera pickup area of 10 X 10
feet with 50-100 foot candies of three phase 3500 degree K,
fluoreswent lighting from ceiling. fixtures and two protable
floorTpans® of 3 phased fluorescent lighting, The floor pans
wouid be similar to the Century No, 1156 Slimline floods, mount-
ed on a portable doliy stand, 3 phase power connection facile
ities should be made available elther at floor level in class
rooms or above the five foot level in operating rooms, Each
pan uses 240 watts, 3 phase power, d

Another type of installation using incandescent lighting would
be to use standard 2900 degree K, lamps-for overhead ceiling
fixtures to supply 75=150 foot candles of flat lighting, and
support this with four portable spotlights similar to the Cen~
tury Cat. No, 520 én fresnelites, mounted on a 3 legged caster—
ed stand similar to Century Cat, No. 3218, It would be satis~
factory to have the ceiling fixtures on one power phase and the
portables on another power phase, Proyision for these power
outlets, however, should be made, The portables draw 500 watts
each, Air conditioning should be able to teke care of the add-
ed heat from these lights,
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