Remember the thrill of your very first QSO? Remember the kick you got from your first
real DX contact? And, if you have photography as an allied hobby, remember Lhe excite-
ment you felt when you finished that first print and the picture details began to appear?
Put them all together und you have some idea of what is in store when the new ham tele-
vision camera is fired up for the fiest time = bring up the Ike bias a hair, a final touch to
the focus — and there's the first image beginning to take form on the monitor! There ix
something new in the old game of ham radio.

Television Camera-Modulator Design for
Practical Amateur Operation

Combining Economy, VMobilityg and Reliability in a Compact
Tripod-Mounied Assembly

BY JAMES J.

Tul new seeing ors in smsteur communi-
cution has been mude not only possible but em-
ineutly practical by the introduction of the
nmateur type 1847 Iconoscope, deseribed in June
1040 ST, slong with the evolution of cireuit
simplifications which were published for the first
time in May 1040 QS7'. The practicability of this
combination hus been well demonstrated by the
experimental equipment deseribed in the latter
nrticle; and the fact that the luboratory design
lends itself to adaptation in & form even more
suitable for practical smateur use has heen
proved by experience with the set-up which is
the subject of the presont article.

Although the vircuit might scem unduly com-
plex st fint plance, u little section-by-section
study shows thut the whole bresks down into
clements that are relatively simple aod fully
within the scope of amateur undenstanding. For
instance, the video amplifier-modulator chain is
nothing more than a straightforward rexistance-
evupled umplifier of familiar type. Actuslly, it
represents  little more  complexity than the
specch-input end of an amateur "phone transmit-
ter. The Teonogcope und monitor cireuits sre
found to be wo different from whst we have
already met in the couventional eathode-ray
owcilloscope, with the minor exceptions that we
find signal voltages ax well as d.e, bias applied to

* Resmyreh Fngineer, A.R R.L. B

The complete tn ted television assciubly i
vunvenicntly rolled into operating position on a sim
dolly made of three pieces of | x 2 wood and three 10.
ernt casters, Plug in the line cord of !hcrrourr supply
(bottom) and connect the cuncentrie line from the
vamera (top) to the rf. transmitter -~ and you're on
the air. The unit tnmediately below the camera is the
pulse generator. The tripod, with "tilt™ and “pan™ bead,
is part of an old 16-mm. standard home-movie outfit.
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the mounitor nnd “Ike” eoutrol grids, and an
extra connection from the signal plate at the front
end of the [conoscope tube. \While the pulse
generator introduces us to something we have
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this score. The power

supply required is entirely conventional,
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so much so that many amateurs will find
that they slready have one that may be
used with little or no modification.

The complete camera-modulator unit,
it is interesting to note, contains about
the same number of tubes and circuits

reason for doubt on
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pulse generator also furnixhes vertical wnd
horizontal blanking pulscs for two purposes. A
part of the full output of the blanking amplifier
13 applied to the control grid of the Tke, binsing
ita grid negative during the fiy-back time of both
horizontal und vertical seanning cycles so that

there is no output from the Ike during the line
and frame return traces, These combined blank-
ing voltages are also applied at full amplitude to
the suppressor grid of the fourth video stage, thus
impressing the blanking pulses on the output for
convevance to the recciver on the radio f S
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details of the Iconoscope monitor mounts.
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operate in effect to stop picture pick-up
and reproduction between frames und
between the lines of each frame, the
pulse generator also supplies narrower
synchronizing pulses which have no
function in the transmission system but
which are of prime importance at the
receiver, These pulses wre sent along
with the transmitted signal during the
blanking time and are applied to the
emitted carrier by modulation of the
screen-grid of the 6L6 output tube, The
fynchronizing pulses are considerably
nsrrower than the blanking pulses
and are characteristically sharp-peaked
“pips” which show up riding on top
of the blanking pulses in an oscillogram
of the modulator output.

Although this pulse combination
might seem extremely complex and
difficult of attainment, both timing and
polarity are sutomatically taken care of

The compact camera unit, here viewed from the rear, includes
the video amplifier and modulator circuits, as well as the Icono-
sope (facing forward) and monitor (facing rear) mounted in
sepacate shicld assemblice, Constructional details are shown in

Fig. 2.

earrier wave. There they ure used to cut off the
scanning beam of the Kinescope during the re-
turn trace intervals between frames and between
the lines of each frame. If this were not done,
during fly-back the return traces of the scanning
heam would show up and spoil the picture repro-
duction. These blanking pulses are of square-top
wave form and are of relatively short duration as
compared to the scanning time,

In addition to thess blanking pulses which

in the design of the circuits. Since the
vertical and horizontal oscillators each
serves as the primary source for the
respective vertical and horizontal pulses
of the several types, their respective
frequencies are taken care of without
sny special adjustment. The polarity is deter-
mined by the sequence of phase reversals in
passage Lhmugh the various amplifying stages.
For instance, the blanking pulses are applied with
negative polarity to the suppressor of the fourth
video stage. Thus they come out with positive
polarity in the plate circuit of this tube and in the
cathode circuit of the modulator from which the
ocomposite signal applied to the carrier is taken,
On the other hand, the synchronizing pulses are

and shiclding enclosure
of fist two stages
(right) removed. Note
that control shafts do
not extend beyond the
chaseis, but are ad-
justed by the rcmov.
able tuning tool shown
in another illustration.
This eliminates un-
sutborized koob twid-
dling and sceidental

misadjustment.
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Top view of the pulse tor chassis. The tuning
MI:M(O‘!E various cootrols is at the

tube's cathode circuit with positive polarity.
It is therefore important that no changes should
be made in the number of stages, either in
the camera-modulstor unit or in the pulse
generator, without provision for preservation
of this proper relationship in polarity of

The same requirement applies to the polarity
of the video signal from the Ike. Since transmis-
sion with megative polarity
is intended in this system, and since
of the Iconoscope is characteristically negati

3

which we need not go into here) and accord-
ingly it has been adopted for our amateur sys-
tem.

The design of this equipment, like that of the
amateur experimental television assembly previ-
vusly deseribed, is for 30 frames (pictures) per
second, and approximately 120 lines per picture.
It should be made clear that there is no rigorous
relationship between the number of lines per
picture and the number of pictures per second.
Although the frame (picture) frequency is
synchronized by the 60-cycle supply, the number
of lines (which is determined by the frequency of
the horizontal oscillator) need not be exactly
120 per picture. However, since the intention is
to use a 8-inch Kinescope for reception, a greater
number of lines than 120 or so is not justified in
view of the fact that the band width required
increases with the number of lines very rapidly —
and we haven't any too much channel space, even

and no sppreciable improvement is evident
with a greater number of lines. (The number of
lines is readily determined by simply dividing
the horizontal oscillator frequency by 30,

number of frames per second, since in
system “straight” scanning is used with no in-
terlacing.) The horizontal oscillator freg

:

i

-

(for technical reasons are indicated by dotted

October 1940

Chassis depth=3" Socket holes 1%"diam.
Fig. 4 — Location plan of the pulse generator chassis. Components underncath
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to stage in the corner of the
rhassis, and should be kept well
away from grid leads and ter-
minals. The grid coupling con-
densers should be dressed away
from the chassis to minimize
capucitance to ground, The screen
by-pass condensers should be laid
neross the sorkets between the
grid and plate terminals to serve
as shields between input and
nutput. Plate and eathode by-pass
condensers are tucked in us con-
venient, usually between the
sockets and the adjacent side of
the chassis. A line of terminal lug
strips near the edge of the chussis
makes for convenience in solder-
ing connections and in supporting
the resistors and some of the

Showing the conpoocnu inside the pulse generator unit chassis, Details

are giveo in Fig. 4,

Camera Unit Construction

One of the uvbjectives in the design of the
camera-modulator unit was to make it of prac-
ticul size and proportions for easy handling with
tripod mounting. This could not be done with the
video and pulse-generator circuit on the same
vhassie. Accordingly, the pulse gencrator was
made a sepurate unit with » short cable carrying
the pulse voltages to the Iconoscope, monitor and
video circuits. This arrangement has the addi-
tional advantage of keeping the verticwl and
horizontal uecillators, with their amplifiers,
physically isolated from the sensitive video am-
plifier circuits and thus minimizes stray coupling
of undesired pulte voltages into video circuits
where they do not belong,

Although the camera chassis may seem rather
crowded underneath, separate shielding of the
first two stages and proper sttention to the place-
ment of the various components results in good
circuit stability with short connections in video
eircuits, and freedom from hum modulation and
cross-talk between deflection circuits, ete. Im-
portant dimensions and locations of the principal
components are shown iu Fig. 2. As a further aid
in identification of the parts, the general func-
tional purpose of each item is given in the list
aceompanying the circuit diagram. In placing
the tube sockets of the video stages, the grid and
plnto terminals (which are oppoeitc each other
in the 1852) should be lined up to give the shortest
pussible coupling connections from one video
amplifier to the next. The madulator socket is

spaced !4-inch below the chassis top. In wiring,
the ﬁhmen'. connections should be made first,
oneddeofmhheaterbemggmundedlmmodb
ately at the socket. The single wire interconnect-
ing the ungrounded sides should run from stage

18

smaller condensers.

When the video amplifier has
been completely wired it is a
good idea to check the circuit clements for con-
tinuity and resistance values by means of an
ohmmeter, Caution: Do not couneet a voltmeter
or other closed-circuit instrument across the grid
circuit of V.F.4 if Mullory bias cells are used.
If a signal generator is available an operating
test also can be made. A good test frequency is
10,000 cycles. Output of uppruximately 25 volta
peak should be shown on a c.r. vscilloscope with
an input of 100 microvolts or so to the grid of the
first stage, the output being taken off across the
cathode circuit of the 616.

When the video section has been completed, the
next step is to assemble the components and to
wire up the Iconoscope and monitor circuits in-
side the chassis. The two small sub-panels, une
carrying the centering controls and the other the
bias and focus controls, go in first. The centering
control panel, at the bottom in Fig. 2-A, is made
of Mg-inch aluminum sheet, 6 inches by 214
inches with 3§ inch bent over for fastening to the
chassis with a couple of machine screws, After
cutting off the potentiometer shafts and filing
them ‘‘half-fiat” to accommodate the tuning
tool (this is a 2-inch length of )4-inch diameter
copper tubing with solder run in one end along a
cut-off piece of aluminum econtrol shafting to
make 8 half-round, after which the shafting is
removed; the other end is fitted with » knob).
The resistors are assembled on the sub-panel. To
make the best use of available space, the four
deflection filtering condensers, Cyy, Cas, Cyo nnd
(30, are located on the front of this sub-panel
and arc supported on insulated terminal lugs
near the edge st the center and near the bottom
on the right and left sides. These terminal con-
nections also support the deflection filtering re-
sistors, Rys, Rap, Ryo and Ry, which connect to
the centering cuntrols.

0ST for



In connecting to the potentiometer terminals,
it is recommended that the polarity indications
of the schematic dingram be followed g0 that {ull
right-hand rotation of the econtml is “plus” in
each case. The polarity indications also should be
vbserved in connecting the electrolytic condens-
ey, The video gain control Ry should be con-
nected with its right-hund terminal to ground.
This control, which is shove the chassis, ix
mounted on an individual bracket and cunnected
into the eathode cirenit of V. F. 3 by insulated
flexible leads through holes in the chassis top.

The sub-panel carrying the focus and biax
controls is similar, except that it is 67€ inches
wide. In addition to the vontrols, condensers
('31, Css, Ca7 und Cy ure also carried on this sub-
panel, utilizing the space between it and the
rhassis.

RBehind this sub-pauel, with shafts projecting
between adjacent controls, are next placed the
monitor switeh, Swy, and Ry, the modulator out-
put control, mounted ovn individual brackets.
HBefore proceeding further the remaining leads
should be suldered to the power-supply connector
terminals (#), leaving lengths sufficient for each
tn reach its ultimate connection. The pulse-
generator connecting oetal socket, Pj, should
then be located. This socket is supported on
two 144-inch pieces of 14-inch tubing tapped for
65-32 screws at the ends. The four deflection-
coupling condensers, Cx, Cy, Cas, and U, are
grouped in the space remaining at this end of the
chassis. Connections are made to the monitor
und loonoscope - leads by means of insulated
termingl strips. The monitor coupling condenser,
('s, is also fitted in this ares,

Monitor and Iconoscope Mounts

Dimensioned details of the monitor und
Iconoscope mounts are given in Fig. 2-B. The
general idea is to place the mountings on the
chassis so that the front end of the Ike points
forward and the screen end of the monitor faces
the rear of the caumera, The sockets for these two
tubes are centernd in thin aluminum dises which

are held in place within the mounting by three
6-32 serews tapped into “ears” 120 degrees apart
around the periphery of each dise. Each disc hus
peripheral slots for the socket~-mounting screws
to allow rotation of the socket plus and minus 10
degrees for exact alignment of the scunning area
or “raster.” The monitor socket is mounted with
pins Nos. 3 and 7 in a vertical line, with pin 3
above 7. The leonnseope socket is located so that
pins No. 3 and No. 6 are in & horizontal line with
the key of the base centering pin upward. Note
that the socket terminal numbers are indicated
on the schematie diagram of Fig, 1.

The rear covers of the ke and monitor mount-
ing tubes are removable to give access to the
sucket mounting screws for rotation adjustment
and also to facilitate removal of the 902 and
1847 by pushing against the base centering pin
with » small dowel rod or & lead pencil.

Terminal No. 1 of each sucket i8 connceted
directly to the shielding within the mount. The
grid lead (No. 5) of the monitor is separutely
shielded within the cable which runs down to the
chassis. The collection of leads to each of these
tubes is run in a bruided shield which is grounded
ut ench end und is secured at the chassis by a
small cable clamp. The cable leads nre flexible
wire with rubber and cotton braid insulation.
The lends terminate underneath the chussis on
insulated terminal strips between the modulator
and pulse cable sockets, except for the monitor
grid lead which goes to the switch and the
Ironoscope grid lead which goes to s terminal on
the rear sub-pancl.

The top cuver for the camers unit i 8 inches
high ubove the chassis and has a 2-inch diameter
hole in the front and another in the back for the
camers lens and for viewing the monitor. Cen-
tered on the monitor port in the back is 21¢-inch
diameter flange over which is slipped a “shadow-
box"” or visor which is necessary to shield off
external light when viewing the monitor. This
flunge is made from a National type J30 coil
shield cut off 3{-inch from the bottom, It is fixed
to the camers ease by four sell-tapping screws.

The power supply with its top cover
ul’ In the Millen ceramic tube sockets
"lf" between oenters) ure
(kft) the time delay relay, then the
5Z3 main rectifier, two 2A3 regulator
tubes, the 80 rectifier, 6SJ7 regulator
control and, finally, llner neon tube
(ndu) Behind, in the same order, are
Tx, T3 and Li. The power switch and
extractor end of the fuse mounlinl are
hetween the pilot light “bull’s eyea”™ at
the left, on the front of the chaseix:
the voltmeter tip jack steip and out-
put voltage adjustment (Ks) are at
the right.

October 19490
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The outside of the chassis, the bottom plate and
the Iconoscope and monitor mounts are painted

protection during
painting process. The scotch tape was left on
until the puint had dried. -

Pulse Generator Construction

tory, but u few additional suggestions may be
helpful. The circuit is essentially the same as that

- ’c. ’_

> <y

(oL %

Fig. 5 — Power supply circuit diagram

Tx-Cn'an filament transformer | (Thordarson

T:—Ph‘omﬁtdmnmm
son T-79F84).

'l'.—ll%)-v 250-ma. plate transformer (Thordarson

Rp — 5.000 ohms, 1 w.
Rio — 50,000 ohl-.')i w. (Filter resistor).

20

Ry: — Thermal time dela . circuit-closing
T s Ne 1006y, it

— M male mﬂa. (Amphenol
f lﬁim.lidvl&l‘o. Jrlk.‘zeoepudou
~— G-contact
Ps X dnﬁ-t*g;;.m (Anpb-g:
12.contact connector (Amphenol
POL2F, used with 012-M cable connector).
I1 — Interlock, standard plug and

Ngnwmml' No.
61-M1 plog moanted on base plate
Fi — Fuse (Littelfuse extractor type fuse

with 3-amp. fuse).
W:—Mp:ﬁmm&m

80710,
n..x.{goa.u&gm)mmm.m

V.M. —M bakelite twin tip jacks marked "4
e d.c. voltmeter connection).
Chassis — 7" x 17”7 x 3" with base.plate and

cover (Parmetal No. DF-717).



put blanking voltage to take care
of eritical oconditlons for which
the originally specified 500-ohm
value proved to be inadequate.

In this unit individual shields
are not provided for the glass
tubes because of the metal en-
closure which is provided for the
top of the chassis. If this enclosure
is omitted, individual shielding of
the tubes should be used.

The Power Supply

The power supply illustrated
and diagramed in Fig. 5 is de-
signed to give regulated output of

200 ma, at 800 volts d.c. as well as

the necessary filament power for 'l‘pr.-,uhmr"l‘. m&. 'l‘nm(ddn) aro mounted lmdemui th the power
i chassis. Note that d ted G
the video and pulse generator mdw-md mw cen n series are sup

tubes, and the anode and filament
supply for the Tke and monitor,
It includes a thermal time-delay relay which
turns on the main B-supply and the supply for the
o.r. tubes approximately 25 seconds after the fila-
ments of the video amplifier and pulse generator
tubes have been switched on. It is not necessary
to use a supply incorporating all of these features,
of course, and the simpler type described by Mr.
Sherman in May 1940 QST could be used. How-
ever, the additional features of regulation of the
full B-supply output and the time delay are well
worth the extra cost. This supply, incidentally, is
also well adapted to other purposes. The regulated
output may be taken frgm the volt-meter pin-
jack terminals for the operation of a receiver or
the low-power stages of a transmitter requiring
250 or 800 volts at times when the equipment is
not used with the television camera-modulator,
The additional filtering provided by the regulator
gives B-supply of exceptionally low hum content.
The construction of the power supply is ade-
quately shown by the circuit diagram and photo-
graphs, and is entirely conventional,

Preliminary Testing

Before attempting to put the complete outfit
into operation, a few preliminary tests are ad-
visable to determine the approximate adjustment
settings of the various controls and to check the
operation of the separate sections. Having first
determined that the amplifier is in operating con-
dition, as previously suggested, the next check
should be made on the pulse generator unit. This
will be greatly simplified if a separate cathode-ray
oscilloscope is available, particularly the type
having & horizontal sweep oscillator that can be
externally synchronized. The preliminary checks
on this equipment were made with an RCA type
122-B oscilloscope.

Inter-connecting cables all should be plugged in
and the base plates of the power supply and
eamers unit should be on to close the interlock
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cirouit, The base-plate of the pulse generator is
left off, however, and a shorted dummy plug is
inserted in the interlock receptacle. The 80 recti-
fier in the power supply should be removed to
prevent application of anode voltage to the c.r,
circuit. The power supply should be switched on
and the main B-supply voltage adjusted to ex-
notly 300 volts by means of Rs.

The ground side of the external oscilloscope
gshould be connected to the pulse-generator
chassis. A test lead with a blocking condenser of
approximately 0.1 ufd. in series is connected to
the high side of the vertical deflection input. If
the oscilloscope contains & vertical amplifier, this
is switched off. The sweep oscillator of the oscillo-
scope should be on and, for the time being, 60-
cycle internal synchronization may be used,

Operation of the vertical oscillator in the pulse
generator is checked by connecting the test lead
to the screcn of the 1852. With the oscilloscope
sweep properly adjusted, the pattern of the
square-topped pulse shown in Fig. 2, page 34,
May 1040 Q87 should appear, With the test lead
connected to the plate of the vertical oscillator
tube a saw-tooth wave of relatively small ampli-
tude should result. An enlarged version of this
same saw-tooth with reversed polarity is ob-
tained by connecting the test lead to pin No. 5 of
the pulse generator output socket. A sharp nar-
row pulse should be obtained by connecting to the
plate of vertical Syno. Amplifier 1 or the grid of
Syne. Amp. 2. Much greater amplitude and op-
posite polarity of the same wave form should
obtain with connection of the test lead to pulse
cable socket pin No, 2. The horizontal synchronis-
ing pulses will also appear in these oscilloscope
patterns of the vertical syne. pulse, although they
will be fainter and probably not stationary. Test
lead connection to the plate of the blanking am-
plifier should show a square-top pattern with &

(Continued on page 84)
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