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ROM time to time there have
been amateur television systems
described in the various radio
publications. While these have been of
good design in most cases, all lacked
2he definition and quality that people
Bave been led to expect since the ad-
went of popular television. The system
%0 be described is capable of the full
sesolution and detail associated with
the present day television standards,
By the ingenious use of scanning
pulses taken from any standard tele-
wision broadcast station by means of
& standard TV re-
esiver, much of the

HAM TV STATION

ly J. n. POPKI.\-CI.UIMAN, W2LNP
Hazeltine Electronics Corporation

Fig. 1. To simplily
construction
and testing, sys-
tem is built in
soparate unils,

Part 1. Complete description of a ham TV station that can be

built from available paris ai relatively low coxt.
details on constructing entire station.

articles will present

the units individually and avoid many
of the pitfalls associated with a com-
bined unit.

It should be pointed out that the
equipment is operating on an amateur
band and only licensed amateurs may

Suceeeding

will have many of the parts needed
and be able to hold the completed cost
to a low figure. In any event the cost
will be far below that of any compar-

able system.
This television system uses rela-
tively common com-

complication of a
sommercial transmit-
ter is avoided.

The expensive
smage orthicons and
MOnoscopes are re-
placed by standard
eathode-ray tubes
which may be of the
surplus variety,

Reception of the
signal is accom-
piished by any TV re-
e=ver equipped with
» simple converter, If
@esired it is possible
% use the same re-

BOTH SOUND AND VIDEG ARE INCORPORATED IN SINGLE TRANSMITTER
STANDARD DEFINITION, 525 LINES, 60 FIELDS, 4.5 MC. BANOWIDTH 1S PROVIDED
NO EXPENSIVE ICONOSCOPES OR IMAGE ORTHICONS REQUIRED
STATION COVERED OPERATES ON 420 mc‘aﬁgwm FREQUENCY AMATEUR BANDS

SYSTEM DESCRIBED IS FOR TRANSMISSION OF STILLS. ALTERNATE
METHOD FOR SCANNING MOVING OBJECTS 1S DISCUSSED

IMPROVED SYSTEM, ALSO DESCRIBED, EMPLOYS STANDARD TV liCElVER TO
PROVIDE SYNC AND ALSO BE USED
RECEIVE PICTURE AND SOUND FROM ANO!HER AMATEUR STATION

SCANNING PULSES. SAME RECEIVER CAN

T0 RIDUC[ COST, ANY gTABli 420 MC TRANS'glifTEﬁ EITHER

URPLUS OR HOME-BUILT CAN BE U

OPERATOR OF EQUIPMENT MUST BE A LICENSED AMATEUR. TO BUILD COMPLETE
STATION CONSTRUCTOR SHOULD BE FAMILIAR WITH RADIO DESIGN AND THEORY

ponents and is capa-
ble of being built by
the average experi-
menter experienced
in the radio art. It
provides a means of
making a standard-
definition broadcast
picture of 525 lines,
60 fields, 30 frames
interlaced two-to-one,
having a video band-
width up to 4.5 meg-
acycles. In this sys-
tem, for simplicity, a
single transmitter
sends the sound si-
multaneously with

peiver to pick up both
e scanning pulses
Ssomm the transmitter, and for recep-

S of the transmitter picture from
~mmether amateur TV station.

Operation is on the 420-450 me, band,
permutting the use of small high gain
s=temnes and readily available tubes.

While the equipment may appear
soenplicated, it has been broken into
seseral component parts to simplify
2he construction. This enables the ad-
sanced amateur to construct and test

operate this television equipment.

This first article will outline the
system used and show different ways
of accomplishing the final result. Suc-
ceeding articles in this series will give
details of the various component parts
which go to make up the complete
station.

Many of the components used are
taken from surplus equipment to re-
duce the over-all cost. Most amateurs

the video by means
of frequency modula-
tion of a 45 megacycle sub-carrier.
The complete signal is transmitted on
an amateur carrier frequency, such as
432 megacycles. Reception can, there-
fore, be accomplished on a standard
television receiver preceded by a sim-
ple frequency converter.

The basic “picture maker" or cam-
era used in this inexpensive system is
derived from an old device used in
early television experiments with ro-
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Fig. 2. Block diagram of transmission system showing functions of the units.
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Fig. 3. Mothod for using cathode-ray tube as light source for 35mm transparencies.
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Fig. 4. A 420 mc. converter is used with
a standard telovision set for reception.

tating dises and known as the flying
spot scanner,

Suppose that a spot of light such as
is generated by an arc lamp is fed
through a rotating disc with small
holes in it arranged spirally so that
they progressively become nearer to
the center of the disc. This means that
if a scene is illuminated by this light,

ﬂq&.mogmnhowh direct recoption
of scanning signals from a TV station.

VNF BOCST
TV STATHON

there will be one small flying spot af-
ter another traversing the scene, each
illuminating a line of the scene, and
each line successively displaced, so
that at the end of one revolution of the
disc the entire scene has been covered.
As the spot of light covers each small
portion of the scene, a phototube picks
up the light derived from this partic-
ular portion of the scene. The photo-
tube current is then a video signal suit-
able for transmission. (At the re-
ceiver the corresponding signal is am-
plified and drives a source of light
which can be modulated in intensity.
This light is then viewed through a
similar receiving disc rotating in syn-
chronism with the transmitting disc,
allowing the original scene to be ob-
served.) This old principle is applied
electronically in the modern flying-
spot scanner., Instead of using the ro-
tating disc with holes, a raster is‘gen-
erated on the screen of the cathode-
ray tube shown as unit (2) in Fig. 2.
Since the raster is produced by the mo-
tion of one dot behind the transpar-
ency, the variations of light value
from point to point of the transpar-
ency are picked up by the phototube.

In the present system the transmit-
ter uses an ordinary TV receiver al-
tered so as to separate the sync from
the received television signal from any
local TV station. This sync is then
used to generate the interlaced stand-
ard RMA sweeps, A block diagram.of
the sending end of the system is given
in Fig. 2. Unit (1) is the broadcast TV
set, which is standard and whose

sweeps and sync-separating circuits F
are as normally found. It is tuned to
any local TV broadcasting station. In
the event that it is not possible to re-
ceive a standard TV signal, then it is
merély necessary to derive the sync
and blanking from the TV set's own
sweep circuits, In this case the picture
will often have only 262 lines non-
interlaced, since the horizontal oscilla-
tor is running free. The picture re-
tains the same horizontal resolution
but the vertical resolution is reduced
by a possible factor of two. For this
type of operation it is desirable to sync
the vertical to the 60-cycle power sup-
ply so that hum effects will be reduced.

The lead to the video amplifier
from the grid of the television set’s
cathode-ray tube (2) is disconnected in
the set and is instead connected to
the blanking generator (8). (For this
source (2) of the flying-spot illumina-
tion, practically any CRT can be used,
including surplus P7-phosphor radar
types.) In addition, the sync derived
from (1) is to be used later for trans-
mission purposes in mixer (7). The
light from the raster of (2) is then
passed through a transparency (3)
(which is the picture being transmit-
ted). This can be held in a slide pro-
jector holder or put directly on the
face of the cathode-ray tube (2), If a
slide projector is used the phototube is
substituted for the slide projector light
source, as shown in Fig. 3. Returning
to Fig. 2, thenghtpawnzthroughthe.
transparency is picked up by a photo-
tube (4), amplified by a video ampli-
fier (5), passed through a video clip-
per and blanking inserter (6), and
then passed through a sync and sound
sub-carrier mixer (7). The output of
the mixer is fed to a combined video-
sound modulator (10), which modu-
lates a transmitter (11), and this feeds
an antenna radiating the picture and
sound signals simultaneously.

The receiver block diagram is given
in Fig. 4. The combined picture and
sound carrier is picked up by a con-
verter (12), which includes a “cas-
code" (grounded-mthode triode fol-
lowed by a grounded-grid triode) if.
amplifier as its output section; it de-
livers an output corresponding to an
unused channel of a regular standard
broadcast TV set (13), where the pic-
ture and sound are separated by the
normal processes.

Other possibilities lend themselves
suitably to this system. In Fig. 5 the
TV station 4 supplies picture and
sync for the amateur television trans-
mitting station located at B. If the
receiving station is located along a
circumference of radius AB, say at C,
it becomes possible for the receiver C
to use the sync directly derived from
station A without having to receive
sync from transmitter B. This means
that all that is necessary to receive B's
transmission is to disconnect the video
from the picture-tube grid of C's re-
ceiver and use instead the video re-
ceived from B over the uh.f. link. The
broadcast TV receiver at C is tuned
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to station 4 and is, therefore, scanned
in synchronism.
Under these conditions reception of
B's picture at C will be accompanied
by a horizontal shift or displacement
of the picture proportional to the delay
with which B’s picture arrives at C
with reference to the sync received
from A. For short distances this shift
| is small, For greater shifts recenter-
ing of the picture at € or adjustment
of the horizontal sync phasing control
becomes necessary.

This system is not limited to trans-
parencies, It is possible to send pic-
tures of live subjects or of fixed ob-
jects as shown in Fig. 7. The raster
from the CRT is projected by a projec-
tion lens on the object, and the re-
flected light from the object is col-
lected by a condensing-lens system for
delivery to the phototube, The re-
maining operations are then just the
same as with a transparency. Consid-
erably greater light is needed than for
the transparencies, and a 5TP4 or
| SWP15 projection-type CRT with as-
sociated high voltage is suitable.

For sending motion pictures the set-
up is essentially the same as for still
transparencies. A film projector has
i1 light source removed and the photo-
tube put in its place. A 60-cycle syn-
chronous motor is used to drive the
film sprocket and the film is run
through the projector at 30 frames
per second instead of 24. This speeds
up the motion on the film somewhat.
1t is also necessary to blank the raster
during the film pulldown time. More
elaborate means are needed to show
the film at 24 frames per second.

Since the transmitter (unit (11) in
Flg. 2) sends out the picture double-
sideband, a total bandwidth of nine
megacycles at the transmitter is de-
sirable. This presents no problem on
#20 megacycles. However, in order to
wse a standard receiver advanta-
seously it is preferable to follow the
sestigial-sideband method as in broad-
gast practice. One TV sideband with
the vestigial other sideband is obtained
By the selectivity of the receiver's if.
pmplifier, resulting in reception and
sduction of standard RMA pic-
. See Fig. 8. The shaded portion
psents the sideband eliminated by
selectivity of the receiver. Of
Y e in tuning up the transmitter it

s also possible to adjust the tumng in

®h & way that one sideband is am-
more than the other—naturally
% sideband to be used in the receiver
should be favored.

Since the sound is transmitted as a
Mer, it becomes impossible to
e full modulation on the transmitter
e pictures as this would not allow

b-carrier of 4.5 megacycles to be

susly transmitted. Generally
B per-cent modulation is used for
* ssdeband carrying the FM sub-
l—ﬁr and the other fifty per-cent
suted 1o video signal. Changing these
ons of modulation in favor of
pacture modulation will result in
ssrmble buzz in the sound portion

Atramsmission. Of course, if it is

Fig, 6. The original transparency (left) compared fo the reproduced image (right).

desired, a separate sound transmitter
spaced 4.5 me. can be used, or other
sound not necessarily associated with
a picture can be used,

The phototube used is a standard
surplus 931A multiplier type. These
were used in most of the radar count-
ermeasure noise generators for radar
jamming (AN/APT-5). In the noise-
generator application, use is made of
the extreme amplification capabilities
of the tube. However, it is not desir-
able, in the present case, to employ
enough gain to reach the noise-level
capabilities of the tube, as this results
in “snow" in the television picture.
For convenience in handling the total
of 550 volis supply potential, a posi-
tive and negative source of voltage is
used. The gain control of the whole
video system is obtained by adjusting
the value of the negative supply volt-
age.

The output of the phototube is fed to
a series of video amplifiers, including
one stage, known as the high-fre-
quency peaker. This peaker is neces-
sary to equalize or compensate for the
time it takes a spot of light to build
up and decay, as the phosphor of the
cathode-ray tube (2) does not light up
or die down instantly. This corres-
ponds to a pulse of voltage in the
phototube which is exponential in rise
and decay time. This is the same as
saying that the pulse derived from the
spot of light is deficient in high fre-
guencies, which are then equalized by
the additional high-frequency response
of this stage. The desired rise and fall
time of the pulse is shown in Fig. 9 by
the dotted line. The actual pulse with-
out the high-frequency peaker is shown
by the heavy lines. If the peaker is
used, the higher video frequencies are
favored so that the dotted wave shape
is obtained. This effect is produced by
an RC network. As the condenser C is
adjusted, the “blurs" and smears in
the video picture will disappear caus-
ing the picture to sharpen up and dis-
play the detail expected.
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Fig. 7. Method of using cathode-ray tube as
a light source for scanning live subjects.
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Fig. 8. The carrier as transmitted and
the vestigial sideband oblained (right)

It is necessary to provide for picture
reversal in order to transmit from
either a negative or positive picture
transparency. The received picture
will then always be positive.

The blanking portion in the RMA
signal cannot generally be used be-

Fig, 8. Compensation in the video stage.

,‘—'DESIRED

UNCOMPENSATED
(NO HIGH PEAKING)

| DA

LIGHT PULSE RESPONSE FOR
BLACK OR WHITE VERTICAL BAR

37



"3

R\—4700 ohm, 2 ». res.

Ry—33,000 ohm, 2 w. res.

Re—3600 oﬁu, 2 w.res.

Ry, Re—1 megohm, Vs w. res,
R:—500,000 ohm pot. (screwdriver adj.)
Re—100 ohm, '3 w. res.

R—100,000 okm, V3 ». res.
Ry—250,000 ohm pot (screwdriver adj.)
Ryy—350,000 okm, w. res.
Ryy==10,000 ohm, ;3 w. res.
Ryy—22,000 ohm, ‘/: w. res,
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nry + 3
ac 0 10-300% .

C,—l()élll . 600 v. oil-filled cond.

sid., 600 v, oil-filled cond.
Juld 600 v. ml fHlled cond,

Cy—-J ufd., 600 v, cond.

Cy—16 uid,, 430 v, elec. cond.

T,—-Pom trans, 400-0-400 v, O 250 ma; 3
@ 3 amp.; 6.3 v. @ 8 am

CH;—FAIMI cholc 6 hy. @ 250 uu 85 ohm

Si=S.pau. toggle sw.

PL.~—6.3 v. pilot Light

Fi, Fr—3 amp. Juse

Fig. 10. The regulated supply used to power all units excep! the r.i. section.

cause the black portions of broadcast
pictures are sometimes so close to the
blacker-than-black region of the com-
posite signal that the flying-spot raster
might have some unwanted black por-
tions. However it is possible to use the
horizontal sync pulses as H blanking
pulses. A better way is to use the fly-
back period of the H and V oscillators
in the receiver for deriving blanking
signals, It is usually possible to find
some place in the sweep circuits which
already has a good pulse of the proper
polarity. For example, the vertical
pulse present at the output of the ver-
tical integrating network., The hori-
zontal blanking is easily obtained from
the output of the sync separator or by

taking a portion of the flyback pulse
present in the horizontal deflection
coils, These signals are then fed to the
blanking generator where they are
clipped and then fed to the flying-spot
CRT grid and the video blanking in-
serter.

So far in our discussion, the video
has been allowed to go through the
video amplifier without thought of
what should be done with the blanking
and the sync. Actually the video is
limited by superimposing on it a pulse
which will shut off the picture-tube
grid when the time comes for the re-
traces of the lines to take place. This
is accomplished by adding together in
unit (6) of Fig. 2 the video signal am-

Fig. 11. Photograph of the power supply of Fig. 10, Three outputs are available.
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plified by (5) and a pulse derived from
the blanking generator (8), The ex-
tremity of the blanking pulse with its
video superimposed is then chopped off
in the same unit,

Beyond the clipped portion, the sync
signals derived from the TV broadcast
(or locally generated) are superim-
posed in mixer (7). The result is a
standard RMA experimental signal ca-
pable of being received on a standard
receiver without any difficulty.

The FM sub-carrier unit (9) con-
gists of a 4.5-megacycle oscillator
modulated by a reactance tube, A
portion of the 4.5-megacycle output is
mixed with the video and handled then
in the same manner as if it were a
video component.

The video modulator is a straightfor-
ward amplifier similar to the power
video stage of an ordinary television
set, However, it has to swing over a
much wider voltage range than is re-
quired in a normal television set, The
output of a B6AQ5 feeds a BASTG
power-handling cathode follower
which is used directly to modulate the
transmitter. The use of the cathode-
follower modulator, with its low source
impedance, is especially desirable be-
cause of the high bypass and stray ca-
pacitances generally associated with
the transmitter. >

It is desirable to use a regulated
power supply for most of the circuits
associated with the video, scanning,
blanking, and related circuits, For
those anxious to get started, a satis-
factory supply is illustrated in Fig, 11
with the schematic diagram shown in
Fig. 10, Many amateurs will have a
supply available which will meet these
requirements.

Succeeding articles will deal with
the construction of the various units
and cover the tuning and adjustment,
The experienced amateur will be able
to make many changes in the basic
design to accommodate equipment on
hand.

For those who desire more power,
a transmitter of the SCR-522 type will
serve as a driver for a tripler furnish-
ing an output of ten to twelve watts
on the 420 me, band.

There are several pieces of surplus
equipment which operate on the 420
me. band and if some of this equipment
is on hand, many of the components
may be used. Usually the receiver por-
tion of this surplus equipment is of the
superhet type with a broad i.f. system,
and by substituting a front end capable
of tuning to a TV station, the neces-
sary signal for scanning may be ob-
tained. In many cases there will be
unused tubes which may be adapted to
serve as the vertical and horizontal
oscillators, or the video section in-
cluded in the receiver may be used.

Of course operation is not limited to
the 420 me. band and the system may
be used on any of the amateur bands
above this frequency. The 420 me. band
was chosen as it permits the use of
familiar techniques without resorting
to waveguides and plumbing.

(To be continued)
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