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Summary—The circuits which have proved especially suitable for receiving
television broadcasts from Berlin are described. The arrangements in the high-fre-
quency portion, conditions during rectification, the production of synchronizing
impulses of constant amplitude, and a relazation oscillator circuil producing sym-
metrical vollages of large amplitude, are discussed. Photographs of television piclures
prove the qualily oblained.

HIS paper describes the design of a 1934 receiver developed as a

result of research on high-frequency aperiodic amplifiers begun in

1925, of research on the cathode-ray tube for television begun in
1929, of practical television research begun in the author’s laboratories
in 1930, and of the practical experience under field strength conditions,
which the public later on will have to take into account. The latter
experience was gained by experiments conducted some months ago with
the television transmitter in Berlin.

The transmitter in Berlin uses the modulation method of O.
Schriever' which differs basically in many ways from arrangements
found in the publications relating to the receiver in the RCA system.?
Attention is called especially to the method of cutting off the synchro-
nizing impulses. Other characteristic differences in the solution of the
technical problems are found in the utilization of the direct-current
component of the television picture, made possible by the aforemen-
tioned modulation method.

ConNEcTIONS AND CONSTANTS OF THE (INTERMEDIATE
FrEQUENCY) PICTURE RECEIVER

Fig. 1 represents the connections in the picture portion of the in-
termediate-frequency receiver. At an average signal strength of about
one-half millivolt per meter the receiver supplied sufficient output
when small half-wave, indoor antennas were used. Less favorable re-
ceiving conditions necessitated outdoor antennas which were connected

* Decimal classification: R583 X R361. Original manuseript received by the
Institute, November 30, 1034; revised manuscript received b;' the Institute, Jan-
uary 8b1935; translation received by the Institute, March 7, 1935.

t (. Schriever, “The latest technical devices for television broadecasting,”’
Fernsehen und Tonﬂ% vol. 4, p. 35, (1933).

* R. 8. Holmes, W. L. Carson, and W. A. Tolson, “An experimental televi-
sion system,” Proc. LR.E., vol. 22, pp. 1266-1285; November, (1934).
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to the receiver by a transmission line. Usual circuits are used in hetero-
dyne mixer stages.

The seanning standards used in Berlin, namely twenty-five pic-
tures per second, 180 lines, picture aspect ratio 5:6, necessitate the
uniform transmission of a frequency band of about 0.450 megacycle
in order to make the vertical detail equal to the horizontal detail. As
is well known, the communication band is twice as wide as the modulat-
ing-frequency band, in our case 0.9 megacycle. This is needed for
perfect reproduction.
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Fig. 1—Circuit of the superheterodyne television receiver (Type 1,934,135) for
the 500,000-cycle frequency band of the Berlin transmitter.

With a carrier frequency of say 1.0 megaeycle (using both side
bands), an aperiodic amplifier having a frequency range of about 0.5
to 1.5 megacyeles is required. Such amplifiers have been available for
many years. The author has already reported design calculations, as
well as numerous results of measurements on these.® Briefly, the stage
constants which have been calculated for this frequency band, normal
stray capacities, and the specified type of tube are:

Type of Tube: Telefunken RENS 1284
Plate resistor 5500 chms
Self-inductance in anode cir-

cuit 0.3 millihenry
Voltage amplification (within

frequency range mentioned) 16-18

Due to the absence of feedback, sereen-grid tubes offer considerable
advantages, both because of the ease of calculation of amplification as
well as their satisfactory operation. However, in the tube mentioned
above input and output capacities are from two to three times greater
than in other multielement tubes which have been used previously.

1 von Ardenne, “Aperiodic amplification of broadcast waves,” Jour. High-
Freguency Tech., vol. 35)6:110. 5, (1989). '
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The inductanee inserted in series with the plate resistor resonates with
the stage capacity, forming an oseillating circuit which is rendered
almost aperiodie by the plate resistor, and whose natural frequeney is
around 1.5 megacyeles. The comparatively great voltage amplification
per stage could be realized only by the use of this inductance in the
anode eircuit, despite stage capacities as great as twenty to thirty
micromicrofarads. The method of using induetance in aperiodic am-
plifiers had previously been introduced and applied.* It was possible
to get the necessary voltage amplification of 10° with relatively few
stages and a relatively low plate supply eurrent.

The apparatus could be operated either with both side bands or,
preferably, with one side band. Better results were obtained with one
side band and, therefore, another frequency curve was chosen, the
form of which was arrived at by a design of the coupling unit whose
constants differed somewhat from those given above, and by special
selection and damping of the transformer supplying the intermediate-
frequency rectifier. The amplifieation characteristie, inereasing from
the low-frequency end, reaches its maximum at 0.5 megaeyele. Up to
about 0.9 megaeycle the eurve falls off only slightly. The drop is more
rapid above 0.9 megacyele, and is followed by a very steep drop at
1.4 megacycles. The carrier frequency is adjusted so that half of the
total amount of amplification lies in the range betsyeen 0.5 and 0.9
megacyele. In the lower modulation-frequency range where both side
bands are demodulated, twice the amplitude is available. This over-
accentuation of the low frequencies is equalized because the amplifier
has only half the amplification over this range. The result is a smooth
frequency characteristic which rises slightly at higher frequencies. The
frequency-response curve corresponds closely to the curve of an am-
plifier with choke-resistance coupling. This feature explains the great
efficiency and economy of this method. The only disadvantage perhaps
may be that it is necessary to employ the eorrect heterodyne frequeney.
The proper operation of the heterodyne can be simplified by means of
simple markings, by using stable oscillating circuits which are only
slightly affected by temperature, or, by the use of simple indieators
for the carrier frequency, similar to those used with wavemeters.

The difficulties® accompanying the use of only ane side band ean be
eliminated to such an extent by means of the above frequency char-
acteristic and by a suitable ehoice of carrier frequency, that it is not
possible to detect, by observation of the pieture, that single side-band

¢ von Ardenne, “On a new device measuring field strength,” Elek. Nach.-
Teck,, vol. 7, p. 438, (1930).

¢ F. Schroeter, “The gare:ent status of television broadcasting,” Telefun-
kenzeitung, no. 66, p. 15, (1034). .
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transmission is being used. This arrangement, single side-band opera-
tion, permits the use of modulating frequencies of 0.7 to 0.8 megacycle.
This diminishes the band width required for the reception of the Berlin
transmissions.

CONCERNING THE ARRANGEMENT OF THE INTERMEDIATE-
FreqQueNcy REcCTIFIER

The voltage appearing at the output of the last intermediate-
frequency amplifier stage is fed to the detector and to an amplitude
filter which will be discussed later (Fig. 2). The type of modulation
used at the Berlin transmitter makes possible the utilization of the
direct-eurrent component of the picture signal for background control.
The author has made a series of comparative tests from the Berlin
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Fig. 2-—Diagram of television receiver.

transmitter, in which picture reception could be carried on either with
or without this direct-current component. These tests showed that, for
a large percentage of pictures, the use of the direct-current component
is a prerequisite for high-grade picture reproduction, particularly when
reproducing pictures with dark shadows. In such tests the picture
variations, when the direct-current component is omitted, are pro-
hibitive.

The differences appear particularly great in the reception of film
titles. Direct-current background control is accomplished most directly
by coupling the second deteetor to the grid of the cathode-ray tube.
The simplest way is to have rectification take place in the cathode-ray
tube itself. Such reetification, however, has the disadvantage that the
emission current of the cathode-ray tube is only utilized for a fraction
of the time, so that eomparatively dim pictures result. To prove this
statement we refer to Fig. 3. In fact the operating conditions are even
less satisfactory than shown in the illustration because, as required by






