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BY THOMAS R. O'HARA* W6DRG

Part 11 -- Transmitters, Modulators and Cameras

Transinitters

'POWER LEVELS that can be penerated m the
- uhf range economically with transistors atc
rather low, so the specialized modulation probleras
ot solid-state TV transmitters wili not be Jetailed
here, For the ATV newcomer, several commercial
tube-type uhf transceivers arc now available at low
vost on the surplus market and offer the simplest
solution to the trunsmitter problem. The two
important differences between TV and f'm service
should be kept in wind in choosing from the
available surplus equipment. ATV bandwidth is
stated in meghertz, wheteas that of fm is in
kilohertz. ATV modulation is a-m, so amplifier
stages must be linear. he fm transmitter has no
linearity requirements, so it is often designed with
ather objectives in mind.

The 2C39 grounded-grid triode amplifiers, such
as in the Motforola T44 and GE Pre-Prog trans
ceivers, are not well adapted to wide-band ampli-
tude inodulation. They have very low grid-drive
impedance, which requires much more modulator
power thun grid-modulating tetrodes, Thesc trans-
mitters have buili-in bypassing of the grid that
firuits the bandwidth to 2.5 MHz, or anly about
200 Tines of video resolution, This allows a fairly
sood hlack-and-white picture, but it will greativ
attennate fm and color subcartier, i these are
added later. The best available information on
video-modulating the T44 s thai given by
WOMZL.* We deal in this section with grid-
modulation of tetrode amplitiers of the surplus-rig
and homcbuilt high-power variety. Typical tube

# 2822 8, Paxon im.,, Arcadia, CA 21006,

lMcLend. “ATV with the Motorela T44 UTHF
Transmitier,’” Decemhber, 1972 and February,
1973, ST, Condensation in Special Communi-
cationy  Technigues for the Rudio Amateyr”
ARRL, 1975,
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tvpes include the 6939, 6252, $8%4, and 6907, all
dual tetrodes in the low- to mediym-power range,
and the 4XI150A and other tubes of the same
general type, used for medivm dnd high-power
applications. Preferred dual-tetrode transmitters
are those in the RCA CMU-15 and the Motorola
1144 line. The GE Progress Line is usable, ulthough
these GE units have high-¢) plate lines which limit
their bandwidth to about 3.5 MHz, not enough for
the tm subcarrier described later,

Converting the CMU-15

The most rteadily converted of the ubf fm
transmitters is the RCA Carfone, CMU-14. Tt will
put out 15 watts, with high-resolution video, at
moderate cost. Fhe receiver is not used tor ATV,
but it can be made to serve as a monitor for any
uhf calling frequency, such s 431.5 MHz used in
Southern California. Details given refer specifically
to the Carfone, but the ideas can be applied to
ofther duai-tetrode amplifiers.

There are three chassis bolted together i the
Carfone. Separate them, and cut connecting wires.
Transmitter power requirements are X85 volfs at
280 mA, 270 at 95 mA, 270 at 20 mA, 200 at 15
mA, and minus 13 ai 25 mA, The first three van
come from a single bigh-current source of 300
volts, with the 200 heing obtained from the same
point  through « 7500-chm  5-wait dropping
resistor, A complete supply for the high voltage
and bias s shown schembtically in Fig. 4. Resist
the temptation to try for higher output by running
higher plate voltage, The 5894 and similar tubes go
bad fairly soon if run at more than 50 watts input
i the 420-MHz band. The long periods of operd-
tion with continvous modulation which are
chatzcteristic of ATV telting are rough un trans-
mitting tubes. Cooling fans are not curmnmonly
used, but may be helpful in extending tube life.

QST for
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Fig. 4 — Schematic diagram and parts information
for the CMU-15 power supply. Part numbers
beginning with 2 indicate original CMLU-15 com-
ponents; e.g. 2TB1. All capacitors are electrolytic.
CR1 — CH4, incl. — 1000 PIV, 1 A {1N4007).
CRb — CR7, incl. — 100 PIV, 1 A (1N4001},

The 150-VA isolation transformer, operated
backward, with its 230-volt windings series con-
neeted to form the secondary as shown in Fig 4,
provides a relatively inexpensive solution to the
transtormer problent. The 400 mA a2t 300 volts
muy not be casily provided, otherwise, If one is
willing to do some transformer work, the existing
vibrator transformer in the Curfone can be stripped
uf its heavy primary and rewound with 350 turns
of No. 22 enamel wire for 117-volt service. I this
is dohe, only a 6.3-volt transformer capahle of
delivering 10 amperes for the heaters and bias
supply is all thut need be added, énd the original
power supply wiring can be left intact, other than
inn the primary circuit.

Test the transmitter and tune it up in the
amateur band before trying video modulation.

Divide the desited operating frequency by 36 to

get the crystal frequency (427 MHZ requires an
11.861-MHz crystal), The crystal oven is not
needed, and inexpensive vrystals are good enough.
One thing that is s#ot critical in ATV is frequency
folerance; the receiver can handle the 4.5-MHz
sound subcarrier with frequency variations up to
300 kHz.

Remove the 12AX7 audio limiter tube, Some
areas transmit fm sound on the a-m carrier, but the
sync buzz will be heard under weak-signal con-
ditions in the fm receiver, when the limiters go in
and out of saturation with video a-m. Also, sync
buzz may get into the high-impedance speech-
amplifier circoits, and cause sync jitter in the
picture,

Test the transmitter on a good dummy load ~
no light bulhs at this frequency! The metal sérip
along the side of the tripler-finel cage is a low-pass
filtker. If oif-frequency components are not a
problem, removing the filter will eliminate its 1-dB
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VR1 ~ 15-V 1-W Zener diode {1N4744),

Tt — 150-VA isolation transformer, 235 and
117-wvolt windings (Essex-Stancor P-8822 or
equiv.).

T2 — 6.3-v 10-A filament transiormer {Triad
F-21A or equiv).

insertion loss. Apply power, briefly at first, and
tune the stages, starting with the first topler, for
maximuim negative readings at the first four test
points an the meter sucket, Run no more than 30
seconds at a time, with two minutes off for cooling
between adjustments, until optimum adjustment
hus been found, The following readings were taken
with a high-impedance meter, 20,000 ohms-
per-vplt or higher: Test Point [ (first tripler)

13V; 2 rfust doubler) —29 V; 3 (second doubler)
=76 V; 4 (second tripler) ~62 V.

If the voltage indication does not go through o
peak as a circuit is tuned, add 5 pl at a time until a
definite voltage peak can be passed in adjustment
of the tuaing The grid inductors of the tripler anmd
final amplifier need mere inductance for best
uperation. Remove the ribbon leads from the grid
pins, and replace thern with No. 14 copper wires
1/4 inch longer. Adjust the length until tuning
peaks. Recheck all udjustments tor maximum
power output, as indicated by a wattmeter in the
line to the load, or maximum reading (about minus
1.5 V} at pin & of the test socket.

Check the plafe current, und adjust the screen
voltage for 175 mA, There may be a control for
screen voltage in the unit; if not, connect a suitable
resistor between the B-plus line and pin 12 of the
pover terminal strip. A VOM can be connected
between pins 6 und 7 to measure plate vurrent, but
remember the 300 volis dc is present here. With a
20,000 ohms-per-volt meter such as the Simpson
260, a reading of 1.1 on the 2.5-volt scale indicates
175 mA (volis x 160 = mA).

Bypassing of tube and circuit elements must be
done with video characteristics in mind. Flectro-
lytic bypass capacitors, 10 gF at 450 volts, were
added to the 5894 screen and the high-voltage teed
to the plafe cireuit, to prevent video distortion. At

3



Feb 1975 QST - Copyright © 2024 American Radio Relay League, Inc. - All Rights Reserved

zliz 2038

e e e e £7%
= =
VIDEQ  MOD, [ =
2NFA40 sur ((( 2L
T mey
-t et
5 }
R R2 . 2Le
FROM CAMERA : naoo2Y : 15k
. E 2600 % gl Lo
E 47 W | ) e 2l.za
AY
| ARANE= SRR
N,
| ! ¢ dps  2e3T
| BuF ..-u..,"‘(‘ [ 2Bl ABk B
T Fit 4
L fI! { ity 'a
CIRGUIT Lo e s e e e ) -
BOARD— at + 108V - 213
+ SO0V T , -
THOD —t”
T LTI -
( ®)082 A
zra < .28
FiG. 4 S 19MF I .
...... sl 'T"
z EET o I
oy ‘ 300V st
3T
FlG. 4

Fig. B — Schematic diagram of a one-fransistor video modulator for use with the CMU-15 transmitter. Part
numbers beginning with 2 indicate origingl CMU-15 components. Amplifier circuit is shown only in part,
to indicate circuits where changes are made in adapting it 10 ATV service. Capacitars with polarity
marked are electrolytic. The videa gain control, R3, can be separated from the modutator by 2 feet or
less, the connecting lead to be RG-59/U or ather 78-ohm coax. The lead from the board to the junction
of R2, 21.9 and 2L10 should be Z inches or less in fength.

this point we call uattention to the method of
identifying the parts shown in Fig. 5, to distingeish
hetween original equipment tn the CMU-15 and
| those parts changed or udded in the conversion
process, Original components have the numeral 2
before the letter in their number, New parts used
are mumbered in the conventional manner. Thus,
the screen bypass, above, is muzked C5. H 15 in
pagallel with the original part, 2040. The grid
resistor, R2, 13 kg2, replaces original 2R29, 56 k.,
it is well to go through the tune-up procedurce
aitlined above before the purely video changes are
made, so that if trouble should develop along the
line the warker will know when it started.

If the grid circuit has isolation resistors in place
of the ¢f chokes, 2L9 and 2L10 in ¥ig. 5, replace
them with Ohmite Z-460 or other uhf rf chokes
when installing the new grid resistor, R2. If the
transmitter is now operating normally, proceed
with installation of the video modulator.

Video Modulation

A ane-transistor video meodulator suitable for
us¢ with dwval-tetrode fransmitters of moderate
power is shown schematically in Fig 5. A tweo-
transistor unit of similar design for use with
high-power tetrode amplifiers, such as the K2RIW
kilowatt amplifier* is shown in Fig. 6. Constructed

"Knadle. “A Strip-Line Kilowatt Amplifier for
432 MHz,"” QS8T, April ang May, 1972, Condensed
version in The Radio Amarfeur’s VHF Manual,
Edition 3, Chapter 13.

32

ot circuit board, this moduolator is shown in one of
the photographs, attached to the back of the kW
amplifier,

The moaodulators can be bhuilt on perforated
baards or printed-cicnit boards of simple design,
Layout is not critical, except that high-imhpedance
video leads should be short. bFor esample, either
madulator should be positioned so that the iead
between the modulator cutput and the point of
connection to the grid circult should be no more
than about 1 inches long. There is room for the
CMU-15 madulator under the fransmitter chassis.
The 100-0hm guin vantrol, R3, can be up to two
fuet from either moduiator, 'I'he lead from its arm
to the modulator input should be 75-ohm coax.
The control acts as a termination for the low-
impedance line from the camera, in conjunction
with the modulator input impedance. As in tf lines,
reflections on a video line can causc ghosts and
syne instability. Monitors can be tapped on at any
point, so long as the monitor input impedance is
greater than 1000 ohms,

The diode, CR1, acts to charge up the coupling
vapacitor, C3, for de restoration, lo insure maxi-
mum tf power cutput at the syne tips, regardless of
average white-to-black ratio, This means that the
picture will haeve a high vontrast with varving
scenes, and will insure a constant syne power leved,
far stable age and sync triggering. [t makes about a
3-dB improvement in weak-signal teception, he-
cause the receiver will be better able to lock up
with a weak signal,

QST for



Feb 1975 QST - Copyright © 2024 American Radio Relay League, Inc. - All Rights Reserved

fIDED
‘ROM

AMERA

AMP.

[
|
I P EYET
[]

MODULATOR BQARD

sz ! Aoy soms T T T T T T 7
1900, “i | oRiD COMPARTMENT t
S - [
3 B |
_____ -—n I
- ! . I
] ! |
[l |
L |
¥ |
[ N
TS )
L3 i
cRi
k4
INaOOZ AMPLIFIER
W CHASSIS
. 4 '
T
10uF
56V

Fig. 6 — Schematic diagram of a two-transistor modulatar, for use with the K2ZRIW kitowatt amplifier or
sitilar high-power stages. Regulated voltage may be obtained from the screen supply, if it is capable of
handling the extra foad. Adjust value of B1 to suit source voltage. Basic amplifier components, where
unchanged, are numbered as in the original article, Fig. 1, April, 1972, AT

Adjusting for Picture Quality

With the modulator connected and the gain at
minimum, apply power and check the vutput level,
Then turn the gain up slowly until the output
power Jecreases by ome-third. Video modulation
with de restoration acts like downward modulation
sometimes observed with a-m transmitters having
low prid drive, but it is normal in this case. If
everything seems to be working well, try to get
another station, preferably a few miles away, to
“talk your picture in.”" Adjusting the vamera and
modulation while monitoring the signal yourself
will give talse indications, bevause of overloading
of your receiver. Low modulation will look fine on
your monitor, but the signal received at a distance
will lack contrast. Have the other fellow describe
the appearance of the picture as you make adjust-
ments. Transmitting . a  detailed test pattern is
recommended for this.

The final stage uf a high-powered ATV rig can
be run as a linear araplifier, driven by a CMU-15 or
something comparable. 1n general, however, final-
stage moduwlation makes for easier adjustment, and
with grid modulation it adds little to the modu-
lator complexity. Linearity never comes easily, and
there is the extru problem in ATV of loss of
bandwidth by the extra stages and tuned circuits.

Linear operation with transistors presents
special problems. Offen circuits must be heavily
bypassed to prevent hf uscillatien, and such by-
passing may impose video bandwidth limitations.
Useful application notes on simple uhf broadband

February 1975

amplifiers are available from several transistor

manufacturers,®
FM Sound Subcarrier
Audio can be added at the camera input fo the

SRE Power Devices (88D-205B), RCA Solid-
State Division, Box 3200, Somerville, NJ 08876;
MX-12 Power Moduleg, TRW Semicondurntor Pro-
ducts, fne., 4520 Aviation Blvd, Lawndale, (A
90260; Motorola Semiconductor Products, Ine.,
5005 McDowell Road, Phoenix, AZ B5008; [ide-
band UHF Land 8Mobile Power Ampilifiers, {(Note
2;3?3), CTC, 301 Industrial Way, San Carlos, CA
9 0.

Two-transistor video modulator of Fig. 6, mounted
on the back of a kilowatt amplitier built from the
popular (ST article by K2RIW. Only minor
changes weve required to adapt the amplifier to
video service,
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The effects of limited bandwidth are clearly
apparent from these two views of a test signal.
Even the broad lines at the feft are a bit hazy in the
upper picture, and vertical line detail is practically
lost by the middle of the screen, Clear, sharp lines
arg plainly visible in the lower view, out to almost
the right side, The 8ame TV set and the same signal
were used far hoth, except that a filter that limited
the bandwidih to 2.5 MHz was in the circuit when
the top picture was taken. Definition differences
would be still more marked in direct viewing of the
picture.

video modulator in the form of a frequency-
modulated 4.5-MHz subcarrier, if the modulator
and transmitter are capable of passing the 4,5-MHz
signal, The CMU-15 and the K2RIW kilowatt
amplifier do a good job, The Motorola T44 will not
handle this bandwidth, and the GE progress Line
transmitter is murginal. its plate circuit may he
capable of modification for lower (), to increase
bandwidth, but this has not been tried. The output
filter has a bandwidth of ubout 8 MHz, so it is not
the vulprit.

The fm sound generator circuit is given in Fig.
7. Note the low-(} trap circait, C3-L3, at the
camera input, This trap keeps the long coaxial line
to the cumera from loading the 4,5-MHz generator
capavitively, The value of the resistor, R2, in serfes
with the generator gutput, is selected by experi-
ment to give 0.5 V pk-pk, when everything is
connected and operating, but with the camera
switched oft. R1, in the source lead of G, should
be of such value that there will be 4 to 5.5 volts at
the drain of Q1,

‘The osciilator, Q3, can be adjusted to 4.5 MHz
by listening for it in a general-coverage communi-
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cations receiver. Frequency tolerance is plus-
ot-minus 50 kHz, If adjusting .1 will not bring the
frequency to 4.5 MHz, adjust the value of Cl as
tequired. Do not try to tune the oscillator by
listening to your own TV receiver. As with the TV
picture, have a distant operator check the signal,

The only drawback with this system is that the
power put into the subcarrier is faken from the
video, which decreases the picture power by about
2 dB. This is a negligible difference with all but the
weakest signals. The alternative is to use a separate
fril transceiver 4.% MHz above the video carrier,
running on another antenna, This unit can also
double as & secondary ATV calling-frequency
setup, as shown in Fig. 1.

Cameras

The TV camera is usnally the greatest expense
in putting ATV on the air, and a primary reason
that some potential enthusiasts never quite make
it. The problem is nof insurmountable, thanks to
the baom in closed-circuit TV usage. Any closed-
circuit vidicon camera with free-running syne will
give very good pictures. New-camera prices start
around $200, Kits such as from ATV Research®
run up from $125. Used but serviceable cameras
are Increasingly appearing in pawn shops, camera-
equipment exchanges, and so on, as firms that have
used closed-circuit TV for security purposes go out
of business or progress to more claborate equip-
ment. Prices generally range from $35 to 5100,

Most cameras have both video- and tf-
modulated outputs, The video i run to the
modulator on a coaxial line, which must have a
low-impedance termination at the modulater end.
The gain control, R3 in Figs. 5, 6, and 7, provides
this termination, as well as for zdjustment of the
level to the modulator. The camera output is
usually an apen emitter-follower requiring a de
path to ground, so do not couple it capavitively. (f
the camera has an rf output it can be run toa TV
receiver to be used as a video monitor, by tuning
the receiver to an unused channel between 2 and 6,
For best resolution a separate monitor is preferred,
tapped in as shown in Fig, &, it is best to get a
manual or Fotofact sheet un the TV receiver
before going into it in this way.

Checking Picture Resolution

Most closed-citenit catmeras are capable of 400-
ta 600-line resclution. The number of lines you
van see determines the ability to see the video
signai change from black t¢ white. Test patierns
with converging lines or groups of parallel lines of
diminishing width are helpfui in measuring the
etfect of linearity and bandwidth adjustments, A
rale of thumb is 75 Jines per megaheriz of receiver
bandwidth. ATVers soon dJevelop a fondness for
complimentary horizontal-resolution reports, in
the manner of the DXer gloating over d40-over-9
reparts from the rarest countries,

An excellent package of test patterns, with
information on their use, is available from ATV

® ATV Kesearch, Box 4553, Dakota City, NE
68731,
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Fig. 8 — Circuit diagram of modifications made to a typical TV receiver, to use it as a videa
monitor. Parts with no values given are part of the original receiver.

Research, Servicing information, such as Sams,
Servicing  Closed-Circuit  Television, is helpful.
Many adjustments interact, making it difficalt for
the inexpericnced ATV worker to ubtain good
resolution, video-to-sync ratio and contrast, with-
out such aids.

Most camneras gencrate the vertical sync from
the ac line trequency, and the horizontal from a
free-running oscillator. The internal syne is helpful
where more than one amera is used, as all will be
runiing from the same syne source (the power
liney and this will prevent picture jumping when
cameras are switched.

ATV Horizons

Amateur television offers opportunity for ex-
pansion and development, limited only by the
operator’s imagination and technical skill, As an
example, the Southern California ATV Club,
WAGEVQ, participated in the Pasadena Rose
Parade some vears ago, A converted CMU-15 was
installed in a helicopter of the Los Angeles Co.unty
Sheriff"s (iffice, to cover traffic situations, The
police now have their vwn TV system, amateur
radio having demonstrated convineingly the advan-
tages of a real-time view of developing traffic
problems, rather than relying solely on voice
descriptions. Almost anyone entering the ATV
field will quickly sense its potential for novel and
challenging communication,

Intormation given here emphasizes stmple and
inexpensive approaches to ATV, By utilizing sur-
plus components the wewcomer can put a good
ATV station on the air for $200 or less, with
hardly more difficulty than is usually encountered
in converting 2 commercial fm  transceiver to
amateur service, Current ATV activity and tech-
niques are detailed in 43 Mogazine, published six
times vearly by Ron Cohen. K3ZKO, Box 6512,
Philadelphia, PA 19138,

A cumplete bibliography of Q8T amateur tele-
vision articles, both fast and slow scan, is available
from ARRL., Newington, CT 06111. Send stamped
self-nddressed businegs-size envelope, mEF=
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RULES FOR LIFE MEMBERSHIP

A paidup Life Membership in  the
League shall be available to any Full or
Associate Member, other than a Family
Member, upon payment of a fee fwenty
times the annual dues rate, and upon
approval of the uapplication by the
Lrague’s Executive Committes.

The Life Membership fee for U.S. appli-
cants s currenfly 5180, for Canadian
dpplicants $ 200, and for other applicants
$180, all in U.S. funds,

An applicant mav choose an alternative
time-payment plan of wight gquarterly
installments ($22.50 for 118, applicants,
$25.00 for Canalians, and $26.23 for
others), to be completed within a two-
year span, In such instance, he will be
provided an interdm fwo-yvear Full Mem-
bership certificate. Upon completion of
the puyments, Lite Membership will be
granted.

. Life Memberships ure non-transferable,

and dues pavments are nhoo-refundable.
In the event an applicant is unable to
complete payments oa the installment
plan within the two-year span, he will be
given a term of membership, at the
annual dues rate, commensurate with
paymenis received.,

. Other livensed apateurs in the same

family, and 4t the same address, of g Life
Member may rctain or obtain Family
Membership upon payment of the annual
dues of $2, but without receipt of QST
The dues of the Family Member may he
prepaid for any tumber of vears in
advance, but there is no special rate.

Lite Memberslup it also available to blind
amateurs upon payment of a fec of $40,
without the receipt of OST.

QsT for




