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A FREQUENCY MONITOR
FOR TELEVISION VIDEO TRANSMITTERS

® TELEVISION TRANSMITTERS need
ﬂfda. two types of frequeney monitor, an f-m

type for the audio channel and an a-m type

IN THIS ISSUE for the video. Monitoring requirements for
Page | the audio transmitter are met by the Typn

e 1170-A F-M Monitor', which is specifically
INCANDESCENT designed for both television and f-m broad-
Laupes anxp Oreen cast applications. For video transmitters,
RestsTive Loans .. 7

however, agreed standards of performance

have only recently become available.
When only a very few stations were on the air, the general require-

ments were met reasonably well by the general-purpose Tyre 1175-A

1 Typr 1170-A F-M Monitor for Broadeast and Television Services," Erperimenter, October, 1947,

|

Figura 1. Panel view of the lete video fr y itor.
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Frequency Monitor', and from the ex-
perience gained in early installations,
changes in design were made to improve
performance and to extend the range to
all television channels’. Recently, how-
ever, monitoring requirements for tele-
vision have been more definitely estab-
lished, since the Federal Communica-
tions Commission has prepared a pro-
posed draft of “Parts 15 and 16 of the
Rules and Standards Concerning Tele-
vision Broadcast Stations.” To meet
these requirements, the General Radio
Type 1182-T Television Video Monitor
lias been designed.

This video monitor, like its general-
purpose predecessors, consists of a moni-
tor unit and a deviation indieator unit.
The over-all principle of operation is
the same, except that the frequency-
offset method of indication is used, in
order that the direction of the deviation
be indicated. All modifications have been
worked out in cooperation with trans-
mitter manufacturers, who have been
supplying these monitors as standard
equipment with television transmitters.

The monitor unit is a Tyee 1175-BT
Frequency Monitor’, which consists of
a stable crystal oscillator, a harmonic
generator, a mixer, and an output ampli-
fier. The elementary circuit is shown in
Figure 3.

IUA Verlnlzie Monitor for Use frum 1.6 to 150 Mega-
eyreles ' Experdimenter, February, 1947,

4"A Frequeney Monitor for Tulm:on Video Trans-

2

The frequency indicator is a Tyre
1176-AT Frequeney Deviation Meter, a
modification of the standard Type 1176-
A Frequency Meter. The beat frequency
to be measured is passed through a
series of amplifiers and elippers to de-
velop a square wave, which is then
applied to a pulse counter eircuit. Uni-
directional pulses are applied to a d-c
microammeter, whose deflection is pro-
portional to the number of pulses per
unit time, and hence to the frequency.
Figure 4 shows the basie circuit.

ZERO BEAT VS, OFFSET-
FREQUENCY MONITORING

When a monitor is designed for maxi-
mum flexibility to cover a wide range
of applications, the so-called “zero-beat”
method of frequency monitoring offers
many advantages. This method consists
essentially of measuring the difference
frequency between a crystal funda-
mental (or harmonie) frequency, which
has been adjusted to the desired channel
frequency, and the actual transmitter
frequency. The difference frequency can
be indicated on a multi-range, direct-
reading frequency meter, which provides
a means for determining the transmitter
frequency error over a considerable
range, This system is particularly useful
when the applications involve monitor-
ing over a wide range of carrier fre-
quencies and where the transmitter fre-

imitters and Other A-M Services,” Ezperimenter, Seb~  ojancy tolerance is expressed as a varia-
Figure 2. Elementary schematic diagram of the monitor unit.
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Figure 3. Elementary schematic diagram of the frequency daviation mater.

ble percentage of the carrier frequency.

Disadvantages of such an arrange-
ment are (1) the lack of a direct indica-
tion of the direction of the deviation,
that is, whether the transmitter fre-
quency is high or low, and (2) the limited
region near zero frequency error, where
the system becomes inoperative since it
lacks a d-c response. The first of these
limitations can be taken care of by pro-
viding for a temporary frequency shift
of the crystal oseillator, and the second
by limiting the low frequency cutoff of
the frequency measuring circuit to a
value comparable to the instantaneous
stability of the transmitter.

For specific monitoring applications
such as standard broadcast transmitters,
continuous monitoring is essential. A
direct-reading meter seale, calibrated in
plus and minus channel frequency error,
has become the accepted practice. This
can be achieved by employing the “offset
erystal-frequency” principle, which dif-
fers from the zero-beat method only in
that the monitoring crystal frequency is
adjusted to give a known frequency
difference between one of its harmonics
and the required transmitter channel
frequency. Thus, when the transmitter
is exactly on channel frequency, the beat-
frequency produced within the monitor
detector circuit will be this predeter-
mined value. If the erystal offset fre-
quency amounts to slightly more than
the half-scale value of the calibrated

meter scale, then the beat frequency will
not be required to pass through zero
over any part of the normal range of the
monitor. A comparison between the
two monitoring systems is shown in
Figure 4.

In the zero-beat method, the frequen-
¢y meter indicates the beat frequency
directly and hence cannot distinguish
between positive and negative trans-
mitter frequency shifts. The offset
method employs a meter scale calibrated
in plus and minus deviations about a
zero center. The actual beat frequency
corresponding to the zero center point
of the deviation meter is mainly deter-
mined by the deviation range, the sensi-
tivity requirements of the system, and
the low frequency response. As the off-
set frequency inereases, the sensitivity
decreases because the Af/f becomes
smaller. Very low beat frequencies
should be avoided to minimize inter-
ference from power-line hum or tele-
vision synchronizing signals.

By setting the erystal frequency on
the low side of the desired transmitter
channel frequency, the direction of the
beat frequency will follow the direction
of the actual transmitter shift. Should
the transmitter frequency be incorrectly
get on the wrong side of the crystal
frequency, this condition will be re-
versed. This provides a check to deter-
mine proper operation. An alternative
test can be made by shifting the crystal
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Figure 4. Graphical comparison of zero-beat and offset-frequency ing.

frequency itself, by a small amount. In
this case, decreasing the erystal frequency
should produce an inerease in the beat
frequency.

DETAILS OF
THE 1182-AT TELEVISION
FREQUENCY MONITOR

The Type 1176-AT Frequency Devia-
tion Meter is designed especially for tele-
vision video frequency monitoring. When
used in conjunction with the Type
1175-BT Frequency Monitor as a part
of the Type 1182-AT Television Moni-
tor, it provides a direct indication of the
video transmitter frequency deviation
from the assigned channel frequency.
In accordance with FCC proposals, two
alternative scale ranges are available,
3-0-3 ke for TV channels 2-6 inclusive,
and 6-0-6 ke for TV channels 7-13 in-
clusive. The scales, shown in Figure 2,
are identical to those used on the TyrE
1170-A F-M Monitor', which has found
wide application as a frequency and
modulation monitor for television aural
transmitters.

1Loc. cit.

The 3-0-3 ke range employs an offset
erystal harmonic frequency of -3500
eycles; the 6-0-6 ke range has just twice
this value, or 7000 ¢ycles. To obtain a
fullscale range of 6 ke, electrical sup-
pression is used in the d-¢ meter circuit
to balance out the meter current corre-
sponding to an input signal of 500 eyeles.
A standard d-¢ microammeter meter is
used, having normal left deflection for
zero d-¢ current, but the meter is cali-
brated with a zero center scale. The scale
zero is made to coincide with the crystal
harmonic offset frequency, thus indicat-
ing correct transmitter channel frequen-
cy when this beat frequency is obtained.
Internal adjustments are provided to
calibrate the meter at both ends of the
scale. Scale ranges can be easily inter-
changed by reversing the meter scales
which have alternative calibrations on
either side, and making one internal
connection change. Because of the dif-
ferent offset frequency, a change in the
monitor crystal frequency is also re-
quired.

Sinee the highest beat frequency de-
veloped by the monitor is 13 ke, obtained
when operating at the 46 ke deviation
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point with the 6-0-6 ke scale, a low-pass
filter is inserted ahead of the frequency
meter to eliminate the television line-
frame frequency of 15,750 cycles and its
harmonies. This filter unit is a plug-in
device which attaches to the rear of the
frequency monitor.

The lowest beat frequency developed
is 500 cycles, obtained when operating
at the —3 ke deviation point with the
3-0-3 ke scale; hence the response of the
frequency deviation meter is made to

SEPTEMBER, 1948 @

fall off rapidly for frequencies below this
point to minimize the interference from
low frequency television synchronizing
signals.

The complete monitor is arranged for
relay rack mounting, with the Tyer
1175-BT Frequency Monitor mounting
above the Type 1176-AT Frequency
Deviation Meter, and thus provides for
easy access to the crystal oven. Spare
erystals ean be mounted within the oven
and selected by means of a panel switch.

Figure 5. General Radio television monitors Installed at WBAL-TV, Ballimore. The video
monitor Is at the lower right, the f-m monitor at the upper left,
R. 5. Duncan, Chief Engineer.

Shown operating the latter is
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Three tuning adjustments are reached
through holes in the chassis. It is not
necessary to change these adjustments,
except possibly during the initial instal-
lation, and the settings are not critical.

To bring the monitor readings into
agreement with an external frequency
check, a small adjustment has been pro-

vided which will shift the crystal fre-
quency by a small amount. For reasons
of maximum stability, this control is
located within the temperature-con-
trolled crystal oven and can be reached
through an access hole in the side of the

oven.
—C. A, Capy

03 0 =

FEATURES OF THE TELEVISION VIDEO MONITOR
. High sensitivity, requiring negligible power from transmitter.
. High-stability, temperature-controlled, erystal oscillator,
. Operates direetly from transmitter-modulated signal. Indication is un-

affected by television video modulation.
. Direct indication of frequency drift from assigned channel.
. Panel switeh for stand-by operation.
. Provision for remote frequeney deviation meter.
. Panel indicator to check erystal oseillation.
. Panel indicator to check monitor output.

=iy R B =T

12. No eritical adjustments.

. Adjustment to set monitor in agreement, with frequency measuring service.
10. Spare crystal positions (3) selected by panel switch.
11. Switch for check of erystal offset frequency.

SPECIFICATIONS

Transmitter Frequency Range: 1060 to 220 Me.

Deviotion Range: 3-0-3 ke for television chan-
nels 2 to 6 inclusive; 6-0-6 ke for channels 7 to
13 inclusive.

Accuracy: Crystal frequency, when monitor is
received, is within 410 parts per million
(0.0017,) of specified channel frequency. Cen-
ter-frequency reading can be adjusted to bring
monitor into agreement with frequency measur-
ing service,

Stabliliry: 0.001%.

Input Impedance: High-impedance circuits for
channels 2 to 6, coaxial line for channels 7 to 13.
Complete couphng directions are included in
the operating instructions.

Type

Vacwum Tubes:
1—BACT 1—6BE6
1—6AGT 1—0D3/VR150
1—BE5 1—68Q7
1—6SN7GT 1—6J5
1—6H6 1—0A3/VR75
2—68J7 1—6V6
2—6X5 1—Amperite 3-4
Accessories Supplied: All tubes, connecting

cable, and power cords; plug-in filter; one
quartz plate.

Mounting: 19-inch relay rack panel. Walnut
end frames are available for table mounting;
see price list below.

Dimensions: Panel, 19 x 124 inches, overall;
depth behind panel, 11%§ inches, overall.

Net Welght: 42 pounds.

Cade Word Price

1182-T
*For General Radio Black Crackle Panel Finish,

lVidec Frequency Menitor. .. ..

ALERT f $675.00"

Thiz instrument is covered by U. 8. Patents Nos. 1,067,185; 2,012,497; 2,362,503; and is heenu%‘ungzer patents

of the American Telephone and Telegraph Company. a

patents 'and’ patent appl.mallom of G
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VARIACS USED WITH INCANDESCENT LAMPS
AND

OTHER RESISTIVE LOADS

Variac adjustable transformers should
never be subjected to load currents in
excess of five times their rated current.
Unfortunately, certain loads draw large
inrush currents when cold. A modern
120-volt incandescent lamp measured
by the writer showed a ratio of cold-to-
hot current of 13.9 to 1. Heating de-
vices exhibit similar though less severe
characteristies.

Variae instructions specifically state,
“Always set Variac to zero before
switching to avoid surges.”” Apparently,
some Variac users have interpreted this
as having reference to reactive loads
(predominantly inductance or capaci-
tance), but it applies just as fully to
resistive loads of the type under dis-
cussion. If the instruetions are followed,
full voltage will not be applied to the
cold load, and, as the Variae is turned
up to line voltage from zero, the load
will have time to heat sufficiently to
limit the inrush current to a reasonable
value.

If the load must be switched rapidly
off and on at full voltage, it should be
diseonnected from the Variac and con-
nected to the line before so doing. A
“spap-action” toggle switch or relay
may be used to change the load from
Variac to line. Such switching intro-
duces no perceptible flicker and avoids
throwing a cold load across the full
Variac output. The Variac setting

should, of course, be zero whenever the
load is eold.

A choke coil in series with an “in-
rush” load will serve to limit the surge
without seriously reducing the load
operating voltage. The choke should
have an inductance sufficient to limit
the load current to five times the Variac
rated current even with a zero resistance
load. Under the worst conditions such
a choke will reduce the load voltage by
not more than 4 per cent. The induct-
ance may be caleulated by the formula

Load Volts
“314f1,

where L =inductance in henrys
f =f{requency in cycles/second
Iz=Variac rated current in am-
peres
The choke must be large enough to
maintain its inductance at five times the
rated current and must be capable of
carrying the load current continuously.
Unfortunately, chokes that will effec-
tively limit the output of the larger
Variacs are, themselves, bulky and ex-
pensive, a factor that often makes their
use impracticable.

Another alternative is to reduce the
load until its inrush current falls within
the Variac limitation, but this reduces
the load unduly as eompared with either
the choke or switeh method.

— GILBERT SMILEY

L
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MISCELLANY

TELEVISION MODEL OF THE
F-M MONITOR

The General Radio Company now
supplies complete monitoring equip-
ment specifically designed to meet the
requirements of television broadcasting.
For monitoring the video transmitter,
use the Type 1182-T Television Video
Monitor deseribed above. For the audio
transmitter, use the Tyee 1170-AT
F-M Monitor, the television model of
the F-M Monitor described in the
Experimenter for October, 1947.

RECENT VISITORS to our plant and
Laboratories — From India: Mr. Gopal
Chandra Sen, Lecturer in Mechanical
Engineering, College of Engineering
and - Technology, Bengal; Mr. Ram
Vepa, Indian Institute of Science, Ban-

galore; and Mr. P. Chawla, New
Delhi.
— From Switzerland: Dr. Julius E.

Weber, Swiss Aluminum Co., Ascona;
Dr. E. Bruno Siegrist, Geneva; and Mr.,
Gerald Nenn, Geneva.

ERRATUM — In our August issue it was stated that War-
burton-Franki, Ltd., manufacture Variacs in Melbourne,
while the city that should have been mentioned is Sydney.
The editor offers his apologies to Australian readers of the
Ezperimenter and hastens to assure them that he knows these
two cities are some 400 miles apart,

THE General Radio EXPERIMENTER is mailed without charge each
month to engineers, scientists, technicians, and others interested in

communication-frequency measurement and control problems,

When

sending requests for subscriptions and address-change notices, please
supply the following information: name, company address, type of busi-
ness company is engaged in, and title or position of individual.

GENERAL RADIO COMPANY
275 MASSACHUSETTS AVENUE

CAMBRIDGE 39

MASSACHUSETTS

TELEPHOMNE: TRowbridge 6-4400

BRANCH ENGINEERING OFFICES

NEW YORK 6, NEW YORK
90 WEST STREET
TEL.—WORTH 2-5837

LOS ANGELES 38, CALIFORNIA
850 NORTH HIGHLAND AVENUE
TEL.—HOLLYWOOD &201

CHICAGD 5, ILLINOIS
920 SOUTH MICHIGAN AVENUE
TEL.—WABASH 3820
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