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Having only two channels of video, this camera
produces remarkable color pictures. Any amateur or
experimenter can build it ior about $400

INCREASING INTEREST IN CLOSED-CIR-
ouit TV and the public acceptance of
color have created a need for a low-
cost color camera. A complex, high-
quality broadcast color camera can
cost £20,000 or more, Although recent
developments have brought the cosi
down for educational and industrial
use, prices are still out of range for
most amateurs and experimenters.
The camera described in this article
was developed on the premise that an
advianced experimenter or amateur
could build a color camera without
getting into extremely complex me-
chanical, optical, or electrical prob-
lems. All parts are easy to obtain, The
two vidicon tubes are stapdard low-
cost black and white types. Color fil-
lers dre Jow-cost and available at any
glass company. To keep the cost,
weight, and size to a minimum, a
small black and white TV sel is used
10 supply all voltages and Scanning
signals to the camera head. The cam-
ErA uses only 12 transistors in addition

v «Scientific American.

by GARY DAVIS

to the black and white TV set. The
optical system is extremely simple.
The cost of the camera, excluding the
case, is approximately $400,

Color processing

There is a little known process of
using only two colors instead of three
to generate color images. This theory
dates back to 1914 when William F,
Fox and William H. Hickley patented
a color molion picture process involv-
ing a red filtered scene shown alter-
nately with a green filtered scene pro-
jected in black and white only while
the red filtered scene was projected
through a red filler, The effect was
later independently re-discovered by
Dr. Edwin H. Land in 1955. This
phenomenon has since become known
as the Land Color Theory after articles
by Land appeared in the proceedings
of the National Academy of Science
in 1959 and the May, 1959 issue of
Dr..Land found
that the human eye can perceive scenes

in full color when the image is filtered
through long- and short-wavelength
filters, then recorded separately on
black and white photographic film.

To recover the scene in full color,
it is then only necessary 1o project the
scene recorded on the two separate
photographs, with a long wavelength
light source illuminating the long wave-
length photograph, and a short wave-
length Jight source illuminating the
short wavelength photograph. In
Land's process, the colors in the scene
arise nol from the choice of wave-
lengths, filters, or overall brightness
levels, but rather from the interplay
of longer and shorter wavelengths over
the entire scene,

My camera system i5 similar to
Land's process. The two color filter
wave lengths correspond to the wave
length or combination of wave lengths,
generated by the three illuminating
phosphor colors in a conventional
color picture tube. The filter for the
long wavelength image, centered at
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approximately 650 millimicrons, is
red. The short wavelength filter, cen-
tered at approximately 475 millimi-
crons is cyan, a bluish-green. In effect
the two color channels are a com-
bination of the three primary colors,
Inputs to the green and blue color
difference amplifiers of the color mon-
itor are combined, allowing the blue-
green phosphor dots to produce cyan,
corresponding to the cyan or short
wavelength filter in the camera head.
The red color difference amplifier and
the red phosphor dots of the color
monitor handle only the signal from
the red or long-wavelength tube.

Colors hold trve over a wide range
of different red, green and blue images
due to the interplay of the red and
cyan signals. In fact, the only camera
operating color controls are the red
and cyan lens iris adjustments. The
receiver contrast conirol may also
have to be re-adjusted depending upon
lighting conditions. The color receiver
tint and color-level controls have no
effect in this arrangement since the
signal not encoded to a NTSC
signal,

Tests indicate that NTSC color en-
coding can be done by feeding the
cyan signal to the combined blue and
green color inputs, and sending the
red to the normal red input of a com-
mercial NTSC color encoder, With
this arrangement, the camera output
could be video taped or transmitted
by 4 ham TV transmitter,

Extensive testing of both the con-
ventional three-tube color system and
the simpler two-tube system indicates
of course, that the two-tube system
cannot duplicate three-tube perform-
unce in all respects. The main differ-
ence being some averaging of colors
along the junction point of the blue-
green spectrum, some difficulty with

Closs-up view of one of tha preampililor circuits that are mounted over the vidicon tubea.

shades of yellow and some hues of
magenta. However, the system pro-
duces surprisingly good color. The
colors are rich and vivid. Blues are
blue, greens are green, and reds are
red. Complex colors such as skin
tones, browns, hair colors, etc. are
reproduced well,

The advantage of using only two
tubes instead of three, at least for the
home experimenter or low-cost appli-
cation, far outweighs the relatively
minor additional color discrepancies
encountered with the two-color pro-
cess. These advantages include:

Camera registration, the art of
overlapping images to perfectly
coincide, is much simpler.

The camera can be built with
one-third less parts.

Camera sensitivity is greater since
light must be divided only two
ways instead of three.

Optics are much simpler allow-

ing the use of a simple cube prism
to split the incoming light in two
directions.

How It works

Figure | is a block diagram of the
entire camera system. Light from the
scene first passes through a cube prism.
The prism itself absorbs approximately
40% of the light. Approximately 50%
of the réemaining light is bent 90 de-
grees to the red lens. The prism is
available from Edmunds Scientific Co.
The cyan camern lens gets a straight
through view of the scene. Both cam-
era lenses are Cosmicar 25 mm, avail-
able from Denson Electronics Corp.
The prism must be placed before the
objective lens so the glass in the prism
won't affect the focal length of the
lens. The color filters are placed be-
tween the lens and vidicon face plate.
The cyan filter consists of two layers
of Plexigias green No. 2414. The red
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FIG. 1—BLOCK DIAGRAM of the camera head. Operaling voltages and sync aignals are

suppiied by 2 bic :k-and-white TV receiver,




filter is Plexigias red N¢ 2423, one
layer thick. Both yoke and focus coil
assemblies arc availuble from Denson
Electronics. This assembly also con-
tains the alignment magnets which are
used to register the two images. These
yokes are built to very close lolerances
and register well. Don't be tempted (o
substitute another type of yoke.
Again, referring 1o the block dia-
gram, the black and white TV feeds
horizontal. vertical, scan, blanking,
—12 volts, +300 volts, and 6.3 VAC
to the camera heads, The output of
the cyan vidicon is fed to the cyan
preamp. A vertical sync pulse is added
and the video amplified to approxi-
mately 1 volt VP-P. This outpul also
forms the luminance signal and is fed
to the color monitor's Juminance am-
plifier to provide the black and white
information. The cyan preamp also
feeds the cyan amplifier where the sig-
nal is inverted and raised in amplitude
to drive the grids of the G —Y and
B — Y amplifiers, The grids are cou-
pled together with a .5 uF capacitor,
The cyan preamp output is also led
10 the sync clipper where the vertical
sync pulse is inverted and sent 1o the
color monitor's sync separator. The
horizontal sync pulse is fed separately
to the sync clipper in order to prevent
contamination of the blue and green
amplifier in the monitor. The red pre-
amp output drives the red amplifier
which in turn drives the R — Y ampli-
fier. The sync clippers, cyan ampiifier,
red amplifier and a —18 volt power
supply are located in the color monitor
so that all signals may be sent 10 the
color monitor on a single 4-conductor

LAYOUT OF THE CAMERA HEAD is shown, Camers case was constructed from shoel metal,

cable. A multi-conductor cable is used
between the black and white TV sel
and the camera head. This 2-piece
configuration also allows the camera
to be used hand-held. The camera
head weighs 18 Ibs,

Many camera builders will want to
include the small black and white TV
in the camera case to act as a view
finder. The horizontal sync will have
lo be re-applicd to the TV sync sep-
erator for operation as a view finder.

oplic system,

CLOSE-UP VIEW of
camora head shows
dotalls of layoul and

Do not use an AC-DC type TV with
this project because of the shock haz-
ard involved. A square sun shade on
the front of the camera prevents stray
light from striking the prism in bright
sunlight. Paint the inside of the cam-
era case black. The camera case is not
commercially available and may be
constructed out of sheet aluminum,

I found the easiest method of
mounting the parts for mechanical
alignment is to build each camera
head as a separate unit. After both
heads are tested and operale cor-
rectly, lay both heads and the prism
on a wood mounting board. The cam-
era is initially registered and adjusted
mechanically, optically, and electric-
ally while Jaying on its side. Remem-
ber, for good registration, every optical
and electrical parameter—focal length
distance, scan amplitude, yoke align-
ment, optical and electrical focus ad-
justments—must exactly match the
other channel. Finally, when all elee-
trical adjustments and lests are com-
plete, screw down the heads and mount
the prism. The whole camera assembly
is then placed inside the camera case,
All camera tests and registration ad-
justments are made using a standard
TV test pattern with a series of vertical
color stripes glued to the top of the
test pattern. The colors I use are red,
orange, yellow, dark green, light blue,
dark blue, and magenia.

Next month we will cover the cam-
era heads, circuit details, modification
of the iwo TV sels, adjustments reg-
istration, and final check ont. R-E
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This month the circuil
head adjustments are
by GARY DAVIS we'll show you how to connect

LAST MONTH WE PRESENTED THE
color processing, block dingram, and
general layout of a low-cost color TV
camera. This month we will cover the
camera heads in detail, inclading ad-
justments and registration.

The vidicon tube

Each camera head consists of three
basic units, The vidicon-tube assembly,

the video preamp and the deflection
components. Before we discuss the
camers circuitry, let's briefly examine
the operation of a vidicon image pick-
up tube. The tube contains a signal
plate of a conducting metallic film, so
thin that it is transparent. One side of
this plate is coated with a thin layer
of photo-conductive material, such as
amorphous selenium. The optical

image is focused on the opposite side
of the signal plate. The phote-conduc-
tive material is scanned with an elee-
tron beam originating at the vidicon
cathode.

The scanning beam deposits just
enough electrons on each spot that it
touches, to reduce the potential of that
side of the metallic film to the cathode
potential. However, during the interval
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glails and camera
overed. Next month,

18 camera head to a color monitor

between successive scans, a charge
leaks through the photo-conductive
material in proportion to the illumina-
tion. The charge deposited on any par-
ticular spot of the photo-conductive
material the next time it is scanned, is
enough to replace those electrons that
have been lost by leakage since the last
passage of the beam. The total current
of the electron beam and the capaci-
tance of the photo-conductive materinl
is in series with the external load re-
sistors.

The preamp

In this camera so much light is ab-
sorbed by the color fillers und prism,
that only a very low level of light
actually strikes the vidicon photo-con-
ductive surface. Therefore, the video
smplifier must work with a very low
signal-to-noise ratio. The schematic
diagram of the preamp circuits are
shown in Fig. 2. Transistor Q1 should
be a low-noise type 2N4126, and may

have to be individually selected for
low-noise content after the camera is in
operation. One should not be satisfied
with the signal-to-noise ratio until with
sufficient illumination, the pictures are
about as noise-free as those received
from a local commercial TV station.
It will probably not be necessary to in-
dividually select the other amplifier
transistors.
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FIG, 3--COLOR AMPLIFIERS and sync circull. The video and sync oulpuls asre connacisd
diractly 1o the color differsnce amplifiers and syno separator of the color monltor,

-

The video amplifier should be
mounted inside & metal box to shield
the amplifier from extraneous signals.
It is important to use short leads and
the amplifier should be mounted on the
focus coil assembly so that the signal
lead from the vidicon targel connector
to the video preamplifier input is no
longer than one inch in length. In deal-
ing with low sigual levels at the vidicon
output, ground loops and sufficient
grounding between components be-
comes extremely critical, A general
rule would be to ground everything
possible with short ground leads, in-
cluding the lens mount and the lens,
Good results with my camera were ob-
tained with an unshielded wire for a
target lead. However, in metropolitan
areas or areas with strong RF signals,
a shielded wire may be necessary,

Vertical sync is added to the cyan
signal through diode DI a1 Q1. The
addition of vertical sync slightly tilts
the video waveform, However, it has
negligible shading affect on the picture.
Capacitors CI0 and C12 boost the
high-frequency response to Increase
the upper frequency limit of the entire
video amplifier. Low-frequency negs-
tive feedback is introduced to ench
stage individually by connecting the
bias resistor to the collector joad re-
sistance. This arrangement further en-

& sueL Lsneny
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hances t ¢ relative high-frequency re-
sponse «» ¢ach stage. The entire video
amplific  as & voltage gain of approx-

imately )0, The color amplifier and
sync circuits are shown in Fig. 3.

PM.ALIGHNMENT
MAGNETS

Deflection and focus assembly

Due to the fact that the red camera
head sees a mirror image of the actual
scene, the phase of the defiection sig-

nal to the red yoke must be taken into
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FIG. 4—-DEFLECTION ASSEMBLY of typa CY101 for 1-inch vidicon lubes.

PARTS LIST

All resisiors are Ye-watl 10% unless

noted

*R1-270,000 ohms

*R2, RY, R21—potentiomater, 1 megohm,
linear taper

*R3—petentiomeler, 2 megohms, linsar

taper
*R4—68,000 chms
*RS, *R10, R34--220,000 ohms
*R6, R29, R35—4300 ohms
*R7—100 chma
*R8, *R11, R23—150 ohms
*R12-3000 ohms
"R13, "H20, A28, R33—100,000 ohms
*R14—-1200 ohms
*R15—270 chms
*R16—300 chms
RA17--3300 ochms
R18, R19—potentiometer,
wirewound
R22-5600 chms
R24-1500 ohms
R25—180 ohms
R26-—33,000 dhms
R27-18,000 ohms
R30—-1000 ohms
A31—-120,000 ohms
R32-2200 ohms
*C1, "C4—.22 uF, 300V
*C2, C24—.056 pF, 200V
*C3-5 uF, 150V, electralytic
*C5—.02, 100V
C8, C7-100 pF, 150V, alectrolytio
C8—4 uF, 25V, electrolytic
*C9, *C15—-60 uF, 26V, electrolytic
*C10, *C12-.0015 iF, 25V
*C11-2 uF, 25V, electrolytic
“C13, C25—1000 uF, 25V, electrolytic
*C14, C22-2 pF, 150V, electrolytic
C16-25 uF, 225V, electrolytic
C17, C20—-250 pF, 25V, alectrolytic

125 ohms,

C18—.01 uF, 50V
C18—0.5 pF, 200V
C21—-.0022 »F, 50V
C23—.33 uF, 150V
C26—.0082 uF, 150V
D1—1N214 diode
D2-D7—400PIV, 2.5A rectifier (GES04 or
equal)
"Q1-—-2N4126 transistor
*Q2, *Q3, *04, Q5-Q8--2N4125 transistor
L1—222 mH Inductor
V17735 vidicon tube
T1—=10K-2K impedance matching trans-
former (Radio Shack No, 2731378 or
equal)
T2-10-turns on TV flyback (see text)
T3—117V primary; 24V, 1.2A secondary
Vidicon filament transformer 117V pri-
mary; 6.3V CT, 3A secondary
“Two sach of the componenis are re-
quired 1o construct both video chan-
nels,

MISC—two 4 x 2% « 1% In, aluminum
mini-boxes (Bud no. CU3002A) Y2 in.
plywood mounting board, aluminum
sheet metal for camera case, lenses,
yokas, deflection colls, lens mounts,
vidicon sockets, color filters, prism,
wire, soldar, eto,

NOTE: the lollowing parts are avallable

from Denson Electronics, P.O. Box 85,

Longview Si,, Rockville, CN 06066, Two

yokes and focus colls no. CY101-1547,

two vidicon sockets, two Comsicar

32939 lenses, two size C lens mounts,

The foliowing paris are available from

Edmund Sclentific Co., 91 Edscorp Bldg.,

Barrington, N.J, 08007. One 2x2 In, Plex]-

glas red no. 2423 color fiiter, two 2x2 In,

Plexiglas green no. 2414 color filters,

one cube prism.

consideration. Focus coll windings for
both vidicon tubes should have the
purple wire grounded (see Figs. 2 and
4), and the white/purple wires con-
nected 1o —12V. On the vertical wind-
ings, yellow is not used. White wires
are connected to their respective height
controls RIS and R19, The green wires
are connected together and common
to T1. On the horizontal windings, the
red wires are connected together. The
cyan black wire is connected to point
A2. The red channels' black wire is
grounded. Both gray wires of the
electrostatic  shield should also be
grounded. The blue wires are not used.
With this wiring arrangement, the de-
fiection assembly should be mounted
with the focus cail lead exit-holes for
the eyan channel opposite the mounting
board. The red-channel focus coil lead
exit holes should be next to the mount-
ing board. This arrangement applies to
type CY101-1547 deflection assembly
available from Denson Electronics.
The vertical deflection coils require
6 V P-P for proper deflection as shown
on waveform Bl. Each horizontal de-
flection coil requires 30 to 40 V P-P as
shown on waveform AZ2. It should be
noted that for proper operation, the
camera requires waveforms and volt-
age amplitudes as shown. They are
supplied by a small B/W monitor.

Blanking and sync

Transformer T1 supplies both the
vertical sync and the vertical blanking
signal. The center tap of the 2K sec-
ondary is grounded. Phasing should be
observed with an oscilloscope insuring
that the positive going pulse is applied
to test point C1., Capacitor C8 stretches
the pulse and sets the amplitude to 7 V
P-P. Capacitors €6 and C7 then apply
the blanking pulse to cut off the vidi-
con cathodes during vertical retrace,
C8 moy have to be selected for use
with some types of vidicons if black
retrace lines appear in the picture, The
other half of the secondary feeds a
negative-going vertical sync pulse to
diode DI. Polarity of diode D1 should
be observed as shown on the sche-
matic. A horizontal sync pulse is laken
from point A2 and fed to the nronitor
separately.

Initial vidicon tube adjustments

The following adjustments are made
with all voltages and scanning signals
applied to the camera from the B/W
monitor, Potentiometer R3 serves as a
focus control. Initially, the beam con-
trol R9 should be adjusted for maxi-
mum  resistance. The target control
should be adjusted for about 40 to 50
volts at the center terminal. The locus
control should be set about midway.
The beam control should be adjusted
until blobs of light and dark areas ap-

(continned on page 74)
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COLOR TV CAMERA

(continued lrom page 44)

pear on the monitor screen. Adjust-
ment of the focus control R3, the opti-
cal lens focus and the target control
R2, should bring the scene into sharp
focus with sufficient contrast. Due to
the series arrangement of R3 and R2,
some internction will be encountered.
The focus control should nlways be
the last one adjusted, In normal opera-
tion, only the focus controls will have
(o be re-adjusted.

Initial adjustments of the
deflection assambly

If the camera images appear off-
center and cannot be brought into reg-
istration with the PM alignment mag-
net adjustments (see Fig, 4), the yoke
windings must be demagnetized. Mo-
mentarily, connect the yoke windings
across a variable DC voltage power
supply set to about 12 volts. Reverse
the leads and lower the power supply
setting about | volt, Keep reversing
the windings and momentarily mag-
netizing the yoke at decreasing 1 volt
increments. At below the | volt point,
the residual magnetism that remains
should be within the corrective range
of the yoke PM alignment magnets.

The objective of this process is to get
the magnetism levels at a low enough
point so that all registration and cen-
tering adjustments for both the yokes
can be made by simply rotating the
alignment rings. With both camera
heads in proper focus opticully and
electrically, it will be necessary to
loosen the yoke hold-down screws,
Fig. 4, to allow rotation of the yoke
within the focus coil, to correct for
vertical axis errors. It should also be
remembered that exact positioning of
the lens mount will alter the axis of the
lens, changing the apparent vertical or
horizontal centering in relution to the
other channel.

The best construction approach will
probably be to simply build each cam-
era head as a black and white unit,
thoroughly testing it without using the
prism or color filters. When results are
satisfactory, initial color registration
can be attempted. Insert the color fil-
ters behind the lens mount. The edges
can simply be taped in place. Be sure
to allow the camera to warm up suffi-
ciently before performing registration
adjustments. Place the test pattern in
front of the prism at the minimum dis-
tance at which you want the camera to
focus. Adjust both lenses for nearest
focus. Slide the cyan vidicon tube back
and forth until the sharpest focus is

attained. Re-adjust the electrical focus
for sharpest image. Then using the ad-
justed cyan image as a reference, slide
the red vidicon back and forth tor best
focus. Tighten the vidicon tube clamp
(see Fig. 4). Adjust red electrical focus
for sharpest image. Adjust the red
alignment magnets to bring both
images in register. It will be necessary
to rotate yoke, adjust vertical scan am-
plitude and perhaps select values for
resistor R22 for best registration. Tt will
be necessary to repeat adjustments sev-
eral times initially, The above adjust-
ments can be made while viewing the
picture in either cyan or red. When it
is necessary to view a single channel,
simply close the iris on the undesired
channel.

Final color adjustments

As mentioned last month, the easiest
way to adjust color is by adjusting the
lens iris controls on a white test pattern
with color stripes. Both images to-
gether should produce a good white
from the test pattern. When the proper
levels are sel, the other colors should
appear in the correct order. The only
discrepancy will be with yellow, which
may appear as a yellowish-beige. To
insure good color fidelity, the red, blue
and green controls on the color moni-
tor must be adjusted to produce a per-
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fect gray ruster with the camera on and
operating, but with both iris controls
closed. These adjustments will of
course, be critical due to the fact that
the tint control has no effect with this
particular set up. Due 1o the high
amount of light loss through the prism
(each tube receives only 30% of in-
coming light), a very high amount of
illumination will be required for good
color fidelity. I use No, 2 photo-flood
blubs, If the scene has a slight pinkish
cast, or the yellow appears too pink, it
is possible the light bulb is too close to
the subject. The camera sensitivity
could be greatly increased with a higher
efficiency prism or perhaps a mirror
optic system which would overcome
much of the light loss encountered
with the present prism.

It is anticipated that some camera
builders may be able to locate high ef-
ficiency prisms or low light loss semi-
silvered mirrors. It is possible by using
a more complex mirror arrangement 1o
put both camera heads in line, thereby
making a somewhat smaller and more
compact camera. Inasmuch that this is
the first known home experimenter or
amateur type of live color camera, it is
recognized that many modifications,
changes and improvements could be
incorporated by individual camern
builders. For example, by using the
camera in conjunction with a commer-
cial N.T.S.C. color encoder, some in-
herent color deficiencies may be cor-
rectable.

Next month we will cover construc-
tion of the color monitor sync circuits,
red and cyan amplifiers, as well as
modification of the two TV sets for use
with the camera. R-E

Ultrasonic measurement system
will aid medical researchers

A new ultrasonlc measuring system de-
veloped recently by RCA will provide
medical researchers with previously un-
availabla precise measurements of ultra-
sonic diagnostic devices. In so doing, It
may increass and speed up the use of
ultra-high-frequency sound In delecting
malignancies in human lissue.

Ultrasonic techniques have been pre-
ferred for many types of research be-
cause they enable body tissus features
1o be observed thal can't be sean by
X-ray or optical techniques. But up to
now, researchers had no way of know-
ing precisely the Intensity of the waves
they were using. This created difficuities
In determining exactly what effect in-
creasing or decreasing the intensily ot
frequency of the sonic waves had in de-
lecting malignancies or tissue malfor-
mations.

To measurs the oulput of an unltra-
sonic transmitter with the new technique,
It is placed In a water tank containing a
gold-plated pellicle 15-em in diametar
and a few milllonths of a meter thick,. Tha
pellicle, or membrane, is so thin as to
be Iransparent 1o sound and follows
exactly the microscoplc motions of the

water thal make up the sound waves
passing through it, vibrating In propor-
tion to the Intensity of the sound waves
reaching it.

Its motions are sensed by scanning =
laser beam across the pellicle horlzon-
tally and vertically. The reflected beam
is minutely altered (phase-modulated) by
the pellicle’s vibrations. An Interferom-
eter compares the modulated beam with
an unmodulated reference laser beam
and produces sleciric signais that can be
measured by conventional electric me-
fers,

When the system Is used 10 measure
ultrasonic waves passing through tissve,
the waves are transmitted through or re-
flected from the spacimen and imaged, or

focused, onto the psliicle by plastic
acoustic lensas. The pellicle is so tightly
coupled to the water that {ts vibrations
at any point are determined by the
amount of sound that reachas that poinl,
Thal amoun! depends on how much
sound was imaged through the specimen,
Mapping the small motions of the peliicle
with the laser Inlerferometler technique
provides an image of the specimen on the
cathode-ray display tube,

With a 15-milliwstt laser, the system
has a potential sensitivity of aboul 5
nanowalis-par-square-centimeter, cormre-
sponding to @ membrane displacent of
007 angstroms at 1.5 MHz. The sysiem
has a wide frequency response—aboul
0.5 MHz 1o approximately 10 MHz. R-E

INTERNATIONAL
FM 2400CH

The FM-2400CH
ovides an accurate
roc‘uency standard for
testing and adjustment of
mobile transmitters and
receivers at predetermined
frequencies.
FM-2400CH with its extended

= Tesls Predetermined Frequencies 25 lo 1000 Miz
= Extended Range
= Pin Diode Attenuator for Full Range Coverage
as Signal Generator
= Measures FM Deviation

Covers 950 MHz Band

MHz. The range covers 25 to 1000 frequencies can be thoss
of the radio fmaluency channels of operation and/or the intermediate

frequencies of

e receiver between 5 MHz and 40 MHz

Frequency Stability: = .0005% from +50° to +104°F.
Frequencz stability with built-in thermometer and temperature
rrected charts: = ,00025% from +25° to +125° (.000125% special

co
450 MHz crystals available).

Self-contained in small portable cass, Complete solid state

circuitry. Rechargeable batteries.

FM-2400CH (materonly) ........ccovvaunn
th temperature correction) ...
correction) . ...

RF crystals
AF crystals (less temparature
IF crystals

Write for catalog!
INTERNATIONAL
Cirele 61 on reader service card

a3 si81 isneny
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LAST MONTH WE DISCUSSED THE CAM- Moy er
era head, as well as adjustment and GES04
registration of a low-cost color TV 300 A —t
camera. This month we will conclude vie "
this series by examining the modifica- a2
tion of the two TV sets for use with £ L SART
this camera. The camera requires 6V OF 83w
FLYBACK

P-P of vertical sawtooth drive, a suit-
able vertical blanking pulse, —12V
DC, +300V DC, 6.3V AC, and a hori-
zontal drive pulse with 70 to 80V P-P
amplitude. All these voltages are sup-
plied from the black and white moni-
tor.

The set I use for this purpose is a
Panasonic Model TR-90CIM. The
modifications for this model can serve
as & guide in modifying your own set.
However, you will have to experiment
with your set until you can generate the
voitages and waveforms described.
The vertical sweep signal is taken from
the TV set by simply adding a 15-ohm
resistor in series with the TV vertical
defiection coil. The sawtooth voltage
developed across the resistor is suffi-
cient to drive the camera vertical de-
flection coil directly. Should the cam-
era picture appear upside down, the
two wires to the 15-ohm resistor com-
ing from the camera should be re-
versed. The vertical blanking puise is
obtained from the normal pulse devel-
oped across the set’s vertical yoke and
applied directly to transformer T1. If
the pulse is greater than 100V P-P, a
voltage dropping resistor should be
placed in series with the primary of T1.
The —12V DC signal was taken di-
rectly from the set's —12V busline, The
4-300V DC signal is generated from
an extra unused winding tap on the fly-
back transformer. (Suitable horizontal
pulse voltage may be available at the
agc keyer winding.) The 300V P-P

FIG. 5~METHOD OF DERIVING the 300 volt
DC supply voltage from the black-and-whits
TV recelver.

GE 504

Rvm

CAMERA bORIT
OFFLCOILS

FIG. 6-~-TWO POSSIBLE APPROACHES lor
deriving the synchronizing slgnals from lhe
black-and-white TV racsiver.

horizontal pulse is simply rectified and
filtered as shown in Fig. 5. Voltage
dropping resistors may be necessary in
some sets, and of course, a separate
+300V power supply could be incor-
porated if necessary. Since my set did
not have a 6.3V AC signal available, a
filament transformer was added to
power the vidicon tube filaments. This
6.3V AC signal was also sent to the
vertical blocking oscillator base through
a .22 ,F coupling capacitor, This locks
the vertical oscillator to the power line
frequency- thereby eliminating any 60-
Hz hum wiggles in the picture.
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Concluding this series, we show you how
to modify the two receivers that are to be
used as the sync source and color monito.

by GARY DAVIS

The horizontal yoke drive-pulses are
obtained from a second unused wind-
ing tap on the flyback transformer.
This tap provided the correct wave-
form, but at double the needed ampli-
tude. As the flyback transformer on
this set is a scaled unit with only the
taps exposed, the camera horizontal
yokes were wired in series and con-
nected to the tap through a 2 yF ca-
pacitor. On other sets, different ap-
proaches must be taken. Two possible
approaches are shown in Fig. 6. Trans-
former T2 consists of ten turns of well-
insulated hook-up wire, loosely wound
around the flyback. On most sets the
voltage amplitude is approximately
4V P-P per turn. The voltage at the
output of T2 must be exactly correct,
as added resistive e¢lements such as
width controls would alter the hori-
zontal waveshape. The horizontal de-
flection coils could be connected in
parallel, or by doubling the number of
turns on transformer T2, they could
be wired in series. Each horizonta! de-
flection coil requires 30 to 40V P-P for
proper deflection. Figure ‘6 should
serve only as a starting point. Some
added experimenting may be neces-
sary. All generated waveforms should
be checked with an oscilloscope to ob-
serve amplitude and waveform polar-
ity. All waveforms should be close to
those shown on the waveform chart
before proceeding. It is important that
the modifications do not affect normal
operation of the TV set, as it can be
used as a monitor until you are ready to
modify the color receiver. It is also
convenient if the set can still be used
as a regular TV when the camera head
is disconnected. Details of the sheet-
metal case are shown above.

(continued on page 73)



BUILD A COLOR TV CAMERA
{continued from page 36)

Color monitor

The color receiver I use is a RCA
CTC31 chassis. All part references
mentioned can be found in the RCA
Field Service Guide for RCA Color-
TV Receivers 19691970, Volume 3,
#ERT-202. The modifications de-
scribed here cover the RCA CTC31
chassis only. However, they outiine the
general procedure necessary to modify
a typical color receiver so that it may be
used as the color monitor.

Four separate signals are fed to the
receiver; cyan video, red video, hori-
zontal sync and vertical sync which is
mixed with the cyan video in the cam-
era head. The cyan video signal serv-
ing also as the luminence signal is con-
nected directly to the set’s video path
immediately after the video delay line.
This is point AE on the circuit board
PW700. The second video IF ampli-
fier tube V204 should be removed
from the set to prevent noise from the
tuner from mixing with the added
Juminence signal.

The cyan signal is amplified and in-
verted by transistor Q6 to drive both
the G-Y and B-Y amplifier grids simui-
taneously. The grids are joined to-
gether by a .5 4F capacitor so the sig-
nal arrives at pin 9 of both 6GHS-A
tubes, V701 and V704-a. The red sig-
nal is amplified and inverted by tran-
sistor QS5, then sent to the grid of the
R-Y amplifier-pin 9 of V707-a.

Synec circuits

The negative-going vertical sync
pulses contained in the cyan signal
saturatés transistor Q7 (see Fig. 3).
This inverts the puise and provides an
18V P-P vertical sync signal. Transis-
tor Q8 is saturated by the incoming
horizontal sync pulse fed separately
from the camera head. The common
collector load resistor R29 provides
the 18V P-P composite sync signal
which is applied to the sync separator
tube grid-Pin 9 or the 6GHS-A,
V206-b.

Although many sets will accept sig-
pals similar to those described above,
other sets may require signals of differ-
ent amplitude and color signal phase.
A general guide when modifying your
set would be to simply observe correct
amplitude and picture phase with an
oscilloscope while the set is tuned to a
commerical color TV station. Then try
to insert the red, cyan, and sync signals
from the camera and amplifier unit at
similar amplitudes and phases at their
respective points, Single stage phase in-
vertors may be added in the red, cyan,
and sync circuits if necessary, or the
signal amplitudes may be altered as re-
quired for your particular set. R-E

Courtesy of Gary Davis

letters

COLOR TV CAMERA

| have finished reading the first two
parts of the construction article on bulld-
ing & color TV camera that appeared In
the July and August, 1975 issues of
Radio-Electronics.

| already ordered the parts and am
walting for them to arrive. The assambly
looks fairly easy and not to complicated.
However, there s one area that is not

fully clear. This Is the assembly of the

vidicon, deflection yoke, lens and filter.

The interior photos in the July issue

shows the preamp assembly mounted

over this assembly, Can you help?
Thanks for another Intoresting and

useful project.

C. A. STROBEL

New York, N. Y.

You are absolutely right! The interior
photos do not show this assembly and
there is nothing in the third and linal part
of this article that will help clarily this.
So, we contacted Gary Davis and he was

kind enough to provide some photos.
They appear above,

How about the rest of our readers.
Drop us @ line and lot us know how you're
making out with this project.—Editor



