(PART 1)

How To Build A 441 - Line

T. R. F. TELEVISION RECEIVER

HAVE Just completed field tests on something new in

television receivers. The new feature is that it actually

works! The set was assembled from parts which are

obtainable at any radio store, and the whole work of
constructing the recefver took only asbout 72 hours. The
set functioned on its first trial, but a few minor adjustments
wore necessary In order to get a degree of perfection com-
parable to that of the commercial recelvers now produced.

The recelving circuits of the set are merely modifications
of standard practice and should present no unusual prob-
lems for the experimenter. The cathode-ray tube unit, low
and high frequency sweep circuits and synchronizing im-
pulse separutor are here illustrated. This first artlole will
describe the construction of the cathoderay unit and will
fnclude the casily constructed power-packs, which may as
well be constructed immediately and placed to one side to
be ready for use as the set progrosseses. One power-puck
must deliver an output of 2000 volts for various anode volt-
ages of the cathoderay tube. The first anode voltage of 500
volts comes from a voltage divider in the bleeder circult of
this power-pack. This control should be Insulated from the
chassis for the full 3000 volts. A bakelite coupling unit
should be [nserted between the shaft coming to the front of
the panel and the shaft on the potentiometer, (Refer to
photograph Fig. B.) The power-pack is simply a well filtered
200 volt unit for supplying the opevating voltages of the re-
ceiver and sweep circuits. Two standard 17"x12"x3’ pans
are hinged together and form a completely shielded com-
partment for both power supplies. I might be wall to men-
tion that great care should be taken in asgembling the high
voltage power-pack; no leads should be exposed, as these
voltages are dangerous should one accidentally get in con-
tact with them. Photographs show the approximate place-
ment of parts and no difficulty should be encountered in
wiring these power-packs. Standard nutomobile spark plug
cable should be used for the outpul of the high voltage leads
in the 3000 volt unit.

The standard 200 volt pack Is the usuul type of power
supply one would bulld for a standard broadcast receiver
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Fig, B. Under view of top power-pack pan. The under pan, hinged
to It, Is used anly us u support and shield.
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Fig. A. The countrols, left to
(vertical) synchronizer Input*,

right, are:—Top palr, Low frequency

and THigh frequency (horizontal)
synchronizer input®, Next row, Low frequency sweep control, L.¥,
Mze control®, L.F. synehronizing separator®, High frequency syne
chronizing separstor*, ILY, speed comtrol, Vernler for same, and
HLF. size control®. Third row, Bins on right hand section of 6FNG*,
Peaklng (00-cyele) control, and Bias en left hand sectlon of GFSG*,
Bottom pair, brilllaney contrel for O-R tube, and 1st Anode vel-
fage control for C-K tube. Controls marked *(shown In phantem),
may be slotted shafts, and need not be brought out through panel;
onee sof, they muy be left withoul further adjustment until recelver
is moved to new loeation,
delivering 125 millinmperss, with the possible exception that

16 mf. are used instead of the usual 8 for filtering.

A number of experiments have been made to determine
the simplest form for the sweep circuits, synchronizing sep-
arators and power units, and it was found that each item
described In this constructional article was fool-proof, easily
adjusted and highly satisfactory in performance.

Of the several types of sweep clreuits that are used in
sweeping the spot of the cathode-ray tube across the fluore-
scent screen, It has been decided that for the low frequency
sweep, the multivibrator type (as suggested by Bedford &
Puckles) is the most stable and easily constructed, Two
6FSG tnbes (of the dual type) are used, as will be noted
from the schematic diagram. One tube {3 so connected that
it forms a resistance-capacity coupled type of amplifier with
feed-back to make this circult oscillate. The second tube M
used to amplify these sawtooth impulses. The output of this
ampliffer is connected to the yoke through the output trans-
former, The high frequency oscillator cireuit uses three
tubes—the first tube, a 6N7, is so connected as to form a
blocking type oscillator; the second tube fs 6L6G and is the
output tube. A type 1V, operated at 5 volts, absorbs the clr-
cult shock excitation oscillation produced by coupling the
yoke with the output transformer and reflecting back the
spurious oscillations In the plate of the 6L8. This tube
smooths out the sawtooth impulses so that they are of the
proper wave form when applied to the deflecting yoke.

Both of thess sweep circuits are designed to give suffi-
clent sweep for either a 5in.or 9 in. tube. The synchronizing
Impulse separator is used to separate the synchronizing fm-
pulses transmitted, from the picture impulses. These ocear
once for avery line of the sweep in the horizontal direction
and once for every frame of the picture in the vertical direc-
tion. A 6H6 type tube is used for this purpose, Another 6Hé
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Schemutio dingream of the #4l-line T.R.F. Television Keeelver und complete dimensions for bullding the 2 required steel pans. The
Inyout of all the main companents Is also shown,
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type is used for the D.C. restoring cir-
cuit. This tube establishes the back-
ground level of the picture and is moun-
ted directly above the cathode-ray tube
socket, as shown in photograph Fig. C.
In photograph Fig., D on the left side,
are assembled the low frequency sweep
circuit and the synchronizing impulse
separator. The right-hand side of the
photograph shows the high frequency
circuit. This unit is mounted on the up-
per pan of the power-pack chassis, as
shown in the photographs. Great care
shonld be used in wiring these circuits,
due to the dual type tubes used in them,
A list of standard parts is given at
the end of this article, and the values
given should not be deviated from.

Assuming that the constructor has
completed the television recelver thus
far described, the unit can be tested,
and no difficulty should be experienced
in forming a pattern on the face of the
cathode-ray tube, which has an aspect
ratio of 3 to 4. The picture can be used
either as a square or stretched out bey-
ond the end of the tube, filling the com-
plete face of the 5 in. cathode-ray tube.

If this unit has been correctly con-
structed, you will see a pattern on the
face of thg cathode-ray tube, consisting
of a great number of horizontal lines.
This pattern can be stretched vertically
and horizontally by adjusting the size
control, Should this pattern fall to ap-
pear, some mistake has been made in
the wiring of the sweep circuit and
careful check will disclose where the
trouble lies.

If the 1V tube is taken out of the so-
cket, a bright vertical line should ap-

C.
ORER

Fig. C. Right-hand
view of assembly.
The R-F stages nre
mounted beside the
rear ponel  which
supports C-R tube.
The heavy lead from
the pan to the C-K
tube Is the 3,000-V,
Tendd.

pear in the rectangle scanned on the

face of the cathode-ray tube, showing
that the saw-tooth current in the yoke
is not linear, due to the spuriouns osecil-
lation present.

LIST OF PARTS REQUIRED
THUS FAR

RCA (Tubes)

1—1801 5" cathode-ray tube
1870 rectifier

Electrolytic Condensers

AEROVOX

1—S mf. 500 V. Peak
1—S8 mf. 200 V. Penk
T—8-8 mf. 25 V. Peak
2..2% mf, W V. Peak

Fixed Condensers
AEROVOX
Paper

125 mf. 200 V,
3—10 mf, 400 V.

(Mlca)
1-.0015-1000 V.
10001 10,000 V.

5—00 mf. 00 V. 2 0011000 V.
2— 1 mf. 400 V. 40155000 V.
S 05 mf. 400 V. 2005500 V.
1—01-500 V,
Variable Resistors
ILR.C. CLAROSTAT
2—1.0 mer 1 50000 ohm (wire)

11000 ohm
1=300,000  ohm
110000 ohm
250,000 ahm
100,000 ohm
125,000 ohm

Sockets

HAMMARLUND
i—S-Prong Tealantite
2-4-Prong Isolantite
1S Prong Tsolnntite
PAR-METAL

2-Chassis 12" x 17"

1-500,000 ohm
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Flg, D. Left-hand

view, The video am-

plifier attaches to

the rear panel on
this slde.

The finished chassis—ready for a cabinet
and a visunl broadoast.

the 1851 tubes. Under no circumstances
must these tubes be used in a horizon-
tal position, as the close spacing be-
tween the elements would surely cause
trouble due to these elements sagging
and touching one another.

Each R.F. stage is thoroughly shield-
ed, preferably in copper or brass. Alu-
minum may be used, but because of
the difficulty in soldering it, the shield-

Fixed Resistors ing is not as effective.

I.R.C. ’
% Wate 1 Watt 3 Watts 5 Watts 1 aNeg The ecircults used differ from the
R z 2—-0FSG usual T.R.F. cecelver only that each
20 weg. 1—200000 110,000 1000 3 __GHE . 3
xdaq’m oy 8 1574 stage is broadened out by “swamping'
a— of X
1— 15,000 Hardware & Miscellaneous a fairly low resistor across the tuned
1— 50,000 95" x 1 hinges circuit in order to pass the unusually
S R O O Y wotk Antistyplng aid (cord broad frequercy band previously men-
Transformers and Chokes 'l.——Be.kclllo._rlnn r.zﬁ't" dinm, %"wide tioned. Great care must be taken in the
RCA Iiﬁ" L iy i physical “layont” of the components so

1-Trans. 0835

STANCOR
1—P50M0) trans,

I—Bakellte %" coupling and shaft

e s that every lead is as short as possible,

By way of mention, no wire need be
purchased for wiring the R.F. and V.F.

Assorted 6-32 and 8-32 serews and nuts
2115 V. toggle switches

201412 choken AL ” v

THORDARSON - 2‘.':.:.} :g-n') W e By e circuits other than the filament, ground
1720027 choke ‘—:f'l'h"n'a":) G -a‘z?" bruss posts (tapped and B+ leads for the various tubes.
KENYON Al..co()Ae The leads of each resistor and conden-
1—T203 trans, ser serve satisactorily for connectors,
1—T11 trans, 4—Brackets 4" x 6" %" bend

1—T112 trans. 110" x 12 m‘nn?e (lr:n) sheet (or alu- and in many instances these leads

1-T700 deflecting yoke minum) should be cut much shorter. Too much

o THUS far our description was of the
cathode-ray tube mounting together
with the D.C. restorer circuit, the syn-
chronizing separator, two |powersup-
plies, and the vertical and horizontal
sweep circuits for a T.R.F. (tuned radio
frequency television receiver,

There follows a description of the
tuned radip frequency circuits, the de-
tector, the video nmplifier and & suit-
able antenna system for this recelver.

The reasons for choosing a T.R.F, re-
calver for telsvision are obvious.

1. Simplicity of construction.

2. Broad frequency response (2,600,
000 cycles side-bands must be passed
for maximum detail of the transmitted
image, according to present day stand-
nrds).

3. Minimum number of tubes and as-
esociated apparctus.

4. Freedom from complicated align-
ment procedures,

6. Last, but not least, lower cost to
the constructor,

Three R.F. Stages

The radio frequency section of this
recoiver consirts of three stages of
amplification, using the special televi-
sion amplifier tnbes designated as type
1851, which have a very high mutual
conductance, nwmely 9000 micromhos,
48 against 1200 to 1800 for a similar
tuboe used in short-wave and broadecast
recelvers; yet the inter-electrode ca-
pacities are reasonably small.

Here Is a word of caution on using
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Side view of the R.¥. stages. Note the care-
ful Interstage shielding,




evmphasis cannot he stressed In using
the very shortest leads posible.

Another very important factor to re-
member 18 to ron all ground leads to one
point in each shield, and then solder
this point to a wire which runs down
through all the shields on each side and
connects only at one point on the chas-
els. In other words, there will be one
wire from each stage (R.F. dstector,
and V.F.) running to one point of the
clinssis somewhere in the lowest com-
partment of the assembly, and there
grounded to an actual ground.

“Ground loooa™ are the greatest “bug-
#boo" in the construction of T.R.F, ul-
tra short-wave receivers. Great care
should be exercised to avold them. In
some cases, where oscillation of one or
more of the R.P, stages Is encountered
“by-passing” the filament leads or in-
serting a smull R.F. choke In serfes
with each filament lead will remedy the
trouble. (See Fig. 1.)

Mica condensers are used throughout
the R.F. detector and V.F. circuits for
bypassing. Where paper condensers are
imperative due to the large capacity
required, these should be shunted with
a mica condenver no smaller than .005
mf. The reason for this procedure isg
that at these very high frequencies,
mica condenscre have the least induct-
ance, Therefore, the high frequencies
will be by-passed while the paper con-
densers will take care of the lower fre-
quencies. The total gain of the recelver
is governed by the bfasing resistor of
1500 ohms in addition to the regular
bias of 175 ohms in the cathode of the
first R.F. stage.

Detector

The detector i8 a diode of the 6H6
type, similar to the detectors used in
broadeast receivers, with the exception
that only one zection is used in order
not to load up the circuit with too much
“shunting” capacity, and thus lose some
of the very high video frequencies. The
plate resistor of this tube 18 {n series
with a small choke which, with the
reflected capacity of the succeeding
tube, “boosts’’ the response at the high-
est frequency to be amplified and still
keeps the phase change down to negli-
gible proportions. This procedure is fol-
lowed in the two succeeding video
stages. (See Fig. 2 and the schematic
diagram.)

Video Amplifier

The video amplifier also uses two of
the special television steep slope pen-
todes designed expressly for this pur-
pose. This amplifier must pass frequen-
cies from 30 cycles to 2.6 megacycles
and amplify these frequencies equally,
with negligible phase displacements.

The data furnished with these tubes
recommends that a cathode resistor of
at least 150 ohms be used as bias. At
radio frequencies, this resistor can be
by-passed without the least bit of de-
generation or phase change, but when
we encounter this problem at a fre-
quency of 30 cycles, it would require a

:
|
i

Side view of video stuges. A flashlight eell
provides hum-lroe blaslng,

by-pass condenser of at least 1000 mi-
crofarads. Even at the low voltage used,
it would be quite a large condenser phy-
sically, and therefore, instead of the
usual cathode biasing, a small 1%.volt
dry cell was choseén for the bias of
these tubes, shunted by a .01 mf. mica
condenser. Thi eliminated all problems
of phase change and degeneration at
this frequency; and In the end, it is
more economical.

By studying the photographs accom-
panying this article, the reader will no-
tice that the physical “layout” of the
R.F., dotector and the yvideo amplifier
mukes for extremely short leads be-
tween stages and, at the same time,
looks well and functions better than
would a less compact layout.

The condensers, tuning the three R.F.
stages and detector, are so arranged
that extensfons (preferably of bakelite)
protrude from the shield and these, in
turn, can be “ganged" together with a
“fish line" for single dial control.

The writer does not deem this the
ultimate in mechanical perfection and
perhaps the constructor will find a bet-
ter way to do the same thing more ef-
ficlently and economically. However,
this television recelver works, and
works well,

If this article will instill a better
thought or design in the mind of the
constructor, either mechanically or elee-
trically, he is at liberty to follow his
reasoning to a conclusfon.

It is to be remembered that the re-
celiver incorporates only three R.F.
stages and should be able to recelve
the transmission of television stations
throughout the country for reasonable
distances, but under no consideration
should this be taken that a receiver lo-
cated, say in Chicago, will pick up pro-
grams from New York or Los Angeles.
The capability of this recejiver will de-
pend not only upon loecation, but the
power of the transmitter and oher con-
ditions peculinr to ultra-short wave
transmission and reception,
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Sehematle dingram at top shows R.F. and video elrcults, Fig. 1 illustrates mothod of avolding

ground loops": Fig, 2, detail of special choke; Fig. 3, all antenna specifiontions,

To make a check-up easier for your-
self, locate the receiver for the first
trial within a two or three mile radius
of the transmiiter. After results are
obtained, greater distance between re-
ceiver and transmitter may be attempt-
ed. The set’s purformance will be most

A clese-up of sn K.F. stage, showing an
easy method of ganging condenwers.

e —

curprising eveu to the ultra critical ob-
server.

The antenna system for this receiver
consists of a half-wave dounblet with a
miatching stub or transformer. (See Fig.
3.) Where space [s avallable, a reflector
cconsisting of two hall-wave sections
will materially Increase the signal
strength It properly placed and con-
structed.

Note: This set will operate on the
new 507 line standards with no changes,

Parts List—R.F, Det. and Video Sect.
RAYTHEON (Tubes)

51801 tubes
1—06HOG  tube

HAMMARLUND

4HF50 mmf. varlable condensers
G20 mh. R.F, chokes
GS-prong sockets

(Continued on Page 63)
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T. R. F. TELEVISION
(Continued from page 61)

AEROVOX (Condensers)

15—.01 mf. J00 V. fixed, miea
1—=0.1 mf. T00OV. fixed. mica
4005 mf. GO0 V. fixed, mica
2— 0001 mf. 300 V. fixed, mica
11 mf. 000 V. fixed. paper
120 mf. 00V, fixed, paper

ILR.C. (Fixed Resistors)

1150 ohms BT (all 35 watt)
3—17% ohms BW

11500 ohms BT

4—2000 ohms BT

4000 ohms BT

500,000 ohws BT

3--250,000 ohms BT

CLAROSTAT

1—1%00 ohmin potentlometer
MISCELLANEOUS

Shieldine material (copper, brass or alumi.

nom)
12—3 In stand-off Insulators
An:)rtod serews







