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TV STATION
MONITOR

A PULSE-COUNTER CIR-
CUIT IN AN OFFSET-TYPE
MONITOR—"ByC.A.CADY*

T 'HE requirements of video-transmil-
ter frequency monitors have seen
many changes since the first prewar tele-
vision transmitters began operating. It
was then generally accepted practice to
use a heterodyne frequency meter, and
to record measurements at discreet inter-
vals. A transmitter frequency tolerance
of perhaps plus or minus 0.01% was
easily maintained by such procedure.
Post-war developments, and the in-
creasing congestion of the high-frequency
bands culminated in the issuance by the
FCC of a frequency tolerance specifica-
tion of plus or minus 0.001%, and the
added requirement of continuous moni-
toring. These conditions could not be
met with equipment then available.

Initial Monitor Design:

One of the simplest and most flexible
methods of frequency monitoring con-
sists of measuring the difference, or beat,
frequency between a monitoring crystal
oscillator and the transmitter carrier fre-
quency. For high frequencies, a har-
monie of the monitoring erystal is used.
By employing a pulse-counter type of
frequency meter, Fig. 8, to indicate the
heat frequency, a very flexible arrange-
ment is obtained, covering a wide range
of carrier frequencies, and capable of
measuring a considerable range in trans-
mitter frequency error.

A monitor of this type was commer-
cially available for AM broadeast and
utility services, and of a design read-
ily adaptable for television. At that point,
the limited demand did not appear to
warrant development of a special-pur-
pose monitor for television.

That monitor used the zero-beat sys
tem, with the monitoring oscillator set to
the channel frequency, and a frequency
meter indicating the audio beat between
monitor and transmitter. There are two
inherent disadvantages to such a system
for services where narrow frequency tol-
erances are allotted: first, the monitor
does not give a recognizable indication
when the transmitter is exactly on fre-
quency, and secondly, some auxiliary
means such as a manually operated push
button is required to determine whether
the transmitter frequency is high or low,
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Fig. 1. The General Radio direct-reading frequency monitor for TV transmitters
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Fig. 2. Overall response of TV monitor
Offset-Frequency Type:

Offset-frequeney monitoring is stand-
ard with other broadeast services, includ-
ing the FM sound broadcast for tele-
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Fig. 3. Simplified pulse-counting circutt

vision," and it was recognized that, as
soon as performance requirements be-
came more definite, an offset-frequency
type of monitor would be needed for the
video transmilter.
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Fig. 4. Noise-peak effect on waveform

In the offset-frequency method of
monitoring, the monitor frequency is off-
set from the channel frequency to give a
known audio-frequency beat when the
transmitter is exactly on frequency. The
deviation meter scale is calibrated direct-
ly in transmitter frequency deviation,
rather than in beat frequency.

Now, by the inclusion of the offset fre-
quency feature and other refinements,
the older high-frequency monitor has
been redesigned to meet the specific re-
quirements of picture transmitter moni-
toring. Fig. 1 is a panel view of the in-
strument.

The exact scale arrangement stems
from present FM monitor practice, and
has two ranges conforming to the trans-
mitter channel frequency. Thus, for
channels 2 to 6 the meter range becomes
3-0-3 ke: or for channels 7 to 13 it is
6-0-6 ke, By locating the erystal har-
monic on the low side of the desired
channel frequency, the resultant beat
frequency increases with increasing trans-
mitter frequency error toward the plus,
or high side. While this mode of opera-
tion is somewhat arbitrary, it results in
a meter scale reading from minus left, to
plus right, in accordance with accepted
practice.

If & monitor were designed to operate
as just outlined, the limiting condition
would appear when it was operated with
an extreme frequency error on the minus
or low side, where a 6-ke. deviation would
correspond to zero beat, Erratic indica-
tions would be obtained as zero beat is
approached. Fortunately, this limitation
can be easily avoided. Without changing
the scales, the amount of offset can be
increased by an arbitrary amount, and
electrical suppression of the meter at its
extreme left, or mechanical-zero posi-
tion, introduced. It is important to re-
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itor C-1 is charged to the peak value of
the square wave, the transient noise
pulses can have only a minor effect upon
the DC current through the microam-
meter.

The complete monitor is in two sec-
tions; one comprising a monitoring erys-
tal oscillator, buffer amplifiers, detector
and beat-frequency amplifier, and the
other a series of limiting amplifiers and
the frequency meter circuit.

An elementary schematic diagram of
the monitor section is shown in Fig. 5.
The crystal oscillator circuit is a highly
stable design, temperature-regulated to
minimize frequency drift. Up to four
crystals can be mounted within the oven.

An elementary schematic diagram of

the frequency meter section is shown in
Fig. 6. The beat-frequency is succes-
sively amplified and limited to develop a
square waveform of constant amplitude.
Below 500 cycles, the response of the
amplifier drops rapidly. Power supply
regulation is provided to minimize the ef-
fects of line-voltage variations. The
square wave is applied to the pulse
counter circuit, as previously noted. A
bias voltage is derived from the plate
supply, and is used to provide a zero sup-
pression, and is adjustable via the SET
— control. A DC meter shunt SET + is
used to control the full-scale deflection
of the meter. Once the instrument has
been calibrated, it is merely necessary to
reverse the meter scale and halve, or dou-

ble, the capacitor C-1, in order to change
range. For convenience, this capacitor
is made from two matched capacitors of
equal value; one alone being used for the
6-0-6 ke. range and both in parallel for
the 3-0-3 ke. range.

Provision is made for connecting re-
mote meters, and adjustments are pro-
vided for setting the monitor reading in
agreement with an independent fre-
quency measurement. The accuracy of
the monitor crystal frequency is 0.001%;
but measurements indicate that the stab-
ility is considerably improved after the
instrument has been in continuous op-
eration for some time. This is apparent
in Fig. 7, which shows the frequency
drift of the monitor over a period of 60
days.



