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"A PRACTICAL TELEVISION RECEIVER.

The present day television receiver issimilar in many
respects to pre-war designs. However, new and improver
tubes and simplified design techniques have made cons truc-
tion and adjustment of the modern television set hardly
more costly or complicated than that of an ordinary
communications receiver. Standard practice of present
day receivers is to include astage of r.f. amplification
ahead of the mixer. This not only improves sensitivity
but also minimizes the possibility of interfering with
neighboring television receivers due to leakage from the
local oscillator. Another feature now included in tele- .
vision receivers is that of FM sound reception which
results in improved quality over the old AM method. As
for circuit details the reader may compare modern circuit
design with pre-war design and he will find that many
simplifications have been effected. The only portions .
of the set which may be totally unfamiliar to one not
acquainted with television circuits are those relating
to scanning and synchronization.

Three main considerations determine the design of the
television receiver about tobe described: cost, simplicity
and foolproof operation. To keep costs down, the design
incorporates inexpensive and readily available components.
Simplicity and foolproof operation are closely related
to each other and toward this end, the number of tubes
and necessary adjustments consistent with satisfactory
performance is kept at a minimum.

Figure 1 shows a block diagram of the basic circuit
and the function of each tube in the set. There are
nine teen tubes required to perform all functions necessary
to provide simultaneous picture and sound reception.
Front panel controls (Refer to parts layout and photograph)
are: tuning, volume control, brightness, and contrast.
Other controls, not on the front panel only reauire
occasional adjustment and therefore do not complicate
operation of the receiver.

Two power supplies are included, one, the low voltage
supply which should deliver about + 400 volts, 150 ma,
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CIRCUIT DETAILS AND OPERATION

The circuit and theway in which it functions may best
be described by referring to the circuit diagram and
tracing the television signal from the antenna on through
the various stages up to the cathode ray tube.

The antenna is coupled to the input of a 6J6 (single-
section) grounded grid amplifier by T1. This input
transformer, 1 :1 ratio, 1s necessary so that antenna
feeder balance is maintained. The input resistance that
the antenna 'sees' is approximately 200 - 300 ohms and
thus will match quiteaccurately a standard 'twin-lead'
300 ohm transmission line.

The plate eircuit of the 6J6 amplifier is tuned by
means of a variable condenser, C4 and inductance L1.
The tuning of L1 must be rather broad, (about 6 mc.) so
that the entire television channel is amplified, there-
fore, a loading resistance is necessary at this point.
The necessary degree of loading is supplied by the com-
bination of plate resistance of the 6J6 and the input
resistance of the mixer.

Two signals appear at the grid of themixer, the ampli~
fied television signal, which contains video, synchroni-
zation and sound components, the other being that of the
local oscillator. The local oscillator frequency is
varied by C3 which is ganged to C4. 12, the oscillator
tank inductance and C1, oscillator trimmer are adjusted
so that the oscillator always operates 26mc. higher
than the RF tuning.

Conversion to the IFband takes place in the 1852 mixer
and the same video, sound and synchronizing components
appear at the mixer platebut theircarrier frequency is
now reduced to I.F. For example, a television station
operating in channel 2 (54 -60 mc) sends out a picture
carrier frequency of 55.25 mec., and a sound carrier on
59.75 mc.. When the receiver is tuned correctly for
reception on channel 2, then the local oscillator fre-
quency will be 81.25 mc. and will beat with the incoming

television signal to produce the IF frequencies in the
plate circuit of the mixer.
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The video IF amplifier consists of two stages utilizing
double tuned band-pass transformers as the coupling
elements. Transformers T2, T3 and T4 are adjusted so
that theywill pass a band of frequencies approximately
3 mc. wide, from 23 to 26 mc. The bandwidth of the IF
amplifier is made no wider than is necessary for good
definition onsmall picture tubes (such as 5BP4 and 7EP4,
etc.) so that the maximum amount of gainis possible.
The output of the video IF amplifier is applied to the
detector-clipper circuit by T4. At this point, a link
is provided to couple the sound IF component (21.5 mc)
to L5, the input transformer for the sound IF amplifier.

The detector-clipper circuit consists of'a 6H6 double
diode, one section used torectify the video or picture
signal and the other section separates synchronizing
pulses from the composite video signal for amplification.
Components C30 and R19 in conjunctionwith the lower half
of the 6HO develops a steady bias voltage for the diode
clipper which prevents it from drawing any current except
when the applied signal exceeds the bias voltage. This
occurs only at the peaks of the composite signal, which
are actually the synchronizing pulses. Thus only syn-
chronizing pulses appear across R21.

The video signal appears across R23 and is amplified
by the 6AG7 video stage. In order tominimize the effects
of circuit capacitance on picture resolution and toobtain
maximum amplification, coils I.3 and IA are used in a
series peaking circuit.

Tt now remains to be shown how the picture components
as they appear on the cathode ray tube face are synchro-
nized or put in their correct positions with respect to
the original scene.

The process of scanning in the television pickup camera
and also in the picture tube of the television receiver
. 1s similar to that of a person readinga newspaper. The
picture is broken up into many lines, 525 by present day

standards and each group of these lines makes up a page .

or frame of the picture. A fine cathode ray beam scans
those 525 lines fromleft to right, eachline separately,
and moving down the page or frame until it reaches the
bottom and then starts out on the next frame etc., The
eye interprets the resultant pattern as a rectangular
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area of light called the scanning raster. Thus two sweep
circuits are operating simul taneously, one to sweep 525
lines * and the other sweep circuit to turn the pages
or change the frame. This latter sweepcircuit operates
at a rate of 60 c.p.s. and produces a scanning raster
that consists of 525 lines recurring 30 times each second
While the cathode ray tube spot is scanning the face of
the cathode ray tube its intensity is being modulated
by the video signal and if the scanning generators are
in exact synchronismwith the scanning generators asso-
ciated with the pickup camera at the transmitter, then a
picture will be reproduced that is very much like the
original scene. The horizontal scanning generator generates
a saw-tooth wave-form operating ata frequency of 15750
c.p.s. and the vertical scanning generator a frequency
of 60 c.p.s. The synchronization of the scanning genera-
tors is accomplished by applying the synchronization
pulses after they have been amplified at the synchroniza-
tion amplifier (see figure 1) to control a local oscillator
which in turn initiates the saw-tooth sweep. The output
of the synchronization amplifier consists of positive
pulses which are applied to the vertieal blocking oscil-
lator and negative pulses which are applied to the hori-
zontal multivibrator. Filters consisting of components
R31, R32, €38, C39 and C50, C51, R49 (see schematic) are
for the purpose of filtering the synchronizing pulses
so that oenly 60c.p.s. pulses appear at the vertical
blocking oscillator and 15750 c.p.s. pulses appear at
the horizontal multivibrator. The multivibrator and the
blocking oscillator produce strong synchronized pulses
which are converted into a saw-tooth wave which is then

a.;mlif‘ied and applied to the cathode ray tube deflection
plates. ;

Power supply requirements for the receiver are some-
what different than in ordinary broadcast receivers. A
relatively heavy duty low voltage supply capable of
delivering about 400V at 150 Ma., and a high voltage
cathode ray tube supply, 2500V at about 2 Ma. , are re—
quired. | ; 3

* This explanation is purposel simplified to illustrate
the method of scanning and, therefore, does explain the
present day system of interlaced scanning. For further
explanation the reader is referred to a ibliography at
the end of this booklet.
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CONSTRUCTIONAL DETAILS.

General

Before construction is started it is well to study care-
fully the parts layout and photographs presented herein.
The actual construction and appearance of the completed
set will depend somewhat upon the components that are
available. For example, the type of transformers, ca-
pacitors, etc., may vary considerably from one set to
another.

The Chassis

Since the constructor may select components that are not
of standard design, mountingholes may vary considerably
in size and location on the chassis. On pageil2 and 13
are shown a photograph of a specially designed chassis,
and sub-chassis parts layout sketch. Reference to these
will aid in planning a suitable layout. Recommended
minimum size for the chassis is 17" x 13" x 3", and at
least #18 gauge steel.

Mounting of Major Parts.

Mounting of major components such as transformers,
potentiometers, capaclitors should present no unusual
problems. The mounting of such capacitors as (47, C48,
C56G, C57 should be made by means of standoff insulators
as shown in the parts.layout diagram, since this portion
of the circuit is + 2500V with respect to the chassis.

A bakelite or polysterene strip shotild be used to insulate
the focus (R84 ), horizontal centering (R79), and vertical
centering controls (R80). (See page 16). All other

potentiometers are mounted in the conventional manner
as shown.

All coils with the exception of the discriminator coil
should be mounted below the chassis, situated as closely
as possible to their associated tube sockets. The RF
and oscillator coils may be soldered directly to the
socket. Winding data and constructional details of the
coils are shown on page 11. Reference to the parts lay-

out will show approximate position of all trimmers. The
actual placement and mounting of' the trimmers will depend

somewhat upon the type of trimmers used. The mica com—

B

-




pression type trimmer, commonly used, may be mounted
simply by soldering one end to a terminal stripwhich 1s
secured to the chassis, and the other end connected to
the appropriate tube socket pin by means of a heavy piece
of bus bar. In this way rigid mechanical construction
and short leadswill result. Tt is convenient for align-
ment purposes to mount trimmers with their adjustment
screws facing the chassis and to drill holes directly
above each trimmer so that adjustment may be made from
the top of the chassis.

Mounting of Cathode Ray Tube

It 18 not recommended that the cathode ray tube be mounted
until after the set has been placed into operation and
the initial tests and adjustments tobe described later
are made. During the adjustments that follow completion
of the set, it is well to keep the cathode ray tube in
its original container just opening front and back of
the container so that connection to the set may be made
and the tube face observed. When mounting the cathode
ray tube it is advisable to keep it as far as possible
from transformers, filter chokes, etc. In a compact
arrangement it may be necessary to shield the tube from
stray magnetic fields whichmay cause picture distortion,
or difficulty in centering. Such a shield is -available
commercially and is designed to fit the particular cath-
ode ray tube that is used.

The manner in which the cathode ray tube is mounted may
be seen in the photograph and sketch on pages 14 and 16.
In the panel shown, the tube front rests on blocks of
wood secured to the panel. A bracket made of metal or

wood 1s used on the base to hold the cathode ray tube
in place. |

Miring

A1l wiring with the exception of those wires carrying
high potential (+2500V) may be done with ordinary push-

back #18 or #20 gauge. The high voltage wires, such as
those used to wire in the centering potentiometers,

deflection plates, etc. should be well insulated pre-

ferably a 5000V covering. Shielded cable is desirable

in the audio volume control circuit. '
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SUB CHASSIS PARTS LAYOUT
(MAJOR COMPONENTS)

BRIGHTNESS

a
TUNING AUDIO. CONTRAST ON-OFF SWITCH

@q- c.mo- 9 56,

HORIZONTAL
CENTERING

| BAKELITE STRIP

(SEE CONST.DETAILS) .
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