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A NEW CONVERTER FOR FREQUENCY
MEASUREMENTS TO 500 Mc

The  introduction  of  our  10-Me
counter, the Type 1130-A Digital Time
and Frequeney Meter,! has stimulated
requests that we produee a companion
instriunent  to extend the frequency-
measurement  range. Several sueh in-
struments already  exist, but we  felt
that we could contribute significant
iprovements in sensitivity, seleetivity,
and ease of use. Figure 1 shows the
results of our efforts, the Tyre 1133-A
Irequeney Converter.

The converter heterodynes an un-
known input fregqueney between 10 and
500 Me against o 10-Me multiple of a
standard  frequeney, derived from the
5=Me time-base oscillator of the counter,
and applies the less-than-10-Me differ-
ence frequency to the counter. The
instrument can also amplify weak signals
hetween 100 ke and 10 Me to operate the
counter.

Operation of the converter 1s simple
and  straightforward., The heterodyne
relerence frequency o he added to the
counter reading is indicated divectly by
lnrge in-line numerals. The range of
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output amplitude acceptable for the
counter is clearly indicated on the panel
meter, and adjustment to this level is
made by an output eontrol. An input
sensitivity control is also provided.

Among the unique features of the
instrument are the use of linear mixers;
w tuned amplifier, which can be used or
not, as needed; signal lights to indicate
proper control settings; and a novel dial
|‘|=:ulnl|| to reduce |'t‘:uiii!g errors.
Principles of Operation

Figure 2 is an over-all block diagram,
For imput frequencies above 200 Me a
dual-conversion system is used; single
conversion is used below 200 Me. Input
signals are first passed through an at-
tenuator (eontrolled by the sexsrrivery
control) and through a 100-NMe-wide
hand-pass filter seleeted by the hun-
dreds-reference-FrEQUENCY control.

Puput signals below 200 Me ave routed
to the 2nd mixer, cither diveetly or
through the tuned amplifier. In the 2nd
mixer, the input signal is Jheterodyned
against  the  tens-reference  frequency
(from 10 to 190 Me depending on the
setting of the FREQUENCY controls), and
the beat-frequeney output of the mixer
ix passed to the video amplifier where it

Figure 1. Panel view of the Type 1133-A Frequency Converter,
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Figure 2. Over-oll block diagram. A single conversion syslem is used below 200 Mc, a double
conversion system from 200 to 500 Mc.

is amplified, metered. and applied to the
output. The ovrrrr control varies the
gain of the video amplifier to set the
output level.

Input signals above 200 Me are hetero-
dyned against the hundreds-reference
frequency (200, 300 or 400 Me) in the
Ist mixer. The 0- to 100-Me beat-fre-
quency output of the lst mixer is filtered
and then processed exaetly like an input
signal below 200 Me. If the signal ap-
plied to the 2nd mixer is below 10 Me
(input frequencies of 0-10, 200-210,
300-310, 400-410 Me), the 2nd mixer ix
converted into an amplifier, and the gain
of the video amplifier is increased. In
sueh cases the tuned amplifier is not used
(since it doesu’t operate below 10 Me).

Linear Mixing

A mixer eireuit usually operates with
two signals applied, a reference (local-
oscillator) signal and an input signal.
The amplitude of the beat-frequency
output depends more on the amplitude
of the lower-level signal than on that of
the higher-level signal. If the reference
signal has the higher amplitude. the
cireuit will funetion as a linear mixer for
the input signal. That is, the amplitude
of the beat-frequency output will he
proportional 1o the amplitude of the
input signal, and, in particular, the sic-
nal-to-noise ratio of the input signal will
be preserved in the output. Tf the input
signal has the higher amplitude, how-
ever. the eircuit will not operate as a
linear mixer for that signal. The signal-
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to-noise ratio of the referenee will be
preserved, but the signal-to-noise ratio
of the input signal will be degraded.

In a heterodyne frequency converter
either mixing method ean be used. Sev-
eral existing converters use the nonlinear
method, since this eases greatly the re-
quirements on the purity or “cleanliness”
of the heterodyne-reference-frequency
signals. For suceessful measurements,
therefore, the input signal must be rela-
tivelv elean: and, econsequently, the
measurement of low-level signals in the
presence of noise may be impossible.

Sinee we feel that the burden of signal
purity should be on the measuring in-
strument rather than on the unknown
signal, elean, high-level reference signals
and linear mixing are nsed throughout
the Tyee 1133-A Frequeney Converter,
As a result, the instrument can be used
under an unusually  wide wvariety of
measturement conditions,

Tuned Amplifier

To increase the sensitivity of the
instrument and to reduce further the
effeets of noise and extraneous signals,
a tuned amplifier can be switched into
the measuring system. With input fre-
quencies from 10 to 500 Me, the
amplifier covers the range from 10 to
200 Me, The amplifier is operated by
two controls (see Figure 3). The ToNiNG
confrol switehes the amplifier (1) out
of the system (wipe BAND) to simplify
operation when measuring pure, high-
level signals, or (2) into the system
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Figure 3. Tuning
controls. Signal
lights indicate
proper setting.

(NARROW BAND) to enable measurement
of noisy, low-level signals. Tt also
selects one of the 4 coils necessary to
cover the 20-to-1 tuning range. The
TunE control adjusts the tuning capaci-
tor of the amplifier. The positions of the
TUNING  control corresponding fo the
different  amplifier  tuning  eoils  are
indieated by lights. With the ToNiNa
control in the wipe Baxp position, the
wIDE BAND indieator light will glow.
With the rexinG control in any NArrow
BAND position, one indicator light will
glow, showing the position to which the
control should be set. The indieator
lights are controlled by the settings of
the FrEQUENCY controls. For example,
with the FREQUENCY controls set to 330
Me, the second Narrow Baxn indieator
light will glow, showing that the 20- to
10-Me range of the tuned amplifier
should be used. For certain positions of
the FrREQUENCY controls (00, 200, 300,
100) the wipe Baxp indieator light will
remain on when the TuNING control is
moved, indicating that the tuned ampli-
fier cannot be used. For these positions,
as mentioned above, the gain of the
output amplifier is inercased so that no
loss in sensitivity occurs,

In addition to inereasing the sensi-
tivity of the instrument beeause of its
gain, the tuned amplifier also provides
selectivity to guard against noise and
extrancous  signals  which may  exist
within the £10-Me conversion band.
Figure 4 shows a typieal plot of the
bandwidth versus frequeney of the tuned
amplifier,

The sensitivity figures listed in the
instrument speeifications are broad, all-
inclusive figures. Figure 5 shows a plot
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of the sensitivity versus frequeney of a
typieal instrument for both wine BaxD
and NArrow BAND operation, This plot
was taken for a beat-frequency output
of 10.1 Me, where the sensitivity of the
associated counter is poorest. Therefore,
the plot is labeled “worst-case sensi-
tivity.” For operation at output beat
frequencies lower than 10.1 Me, the
sensitivity is significantly better,

Readout

Figure G shows a elose-up of the new
type of dial readout used on the con-
verter, The readout uses transparent
plastie dials with characterssilk-sereened
on the rear. A white area on the panel
behind the dials effeetively  “illumi-
nates” the desired characters, and »
uniform in-line indieation is presented.™
The readout has two main advantages:

1) The desired information always

*Thi= resdout method was dovised some time ngo by
Genersl Radio ongineer Warren H. Kundert and is
enrreatly bemng incorporated in several new instruments

BANDWIDTH IN Me

o
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Figure 4. Tuned-amplifier bandwidth versus fre-
quency. For input frequencies above 200 Me,
amplifier operates from 10 to 100 Me.
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Figure 5. Typical over-all sensitivity of converter

and counter for 10.1-Me counter indication. This

is worst case. Sensitivity is better for lower con-
verter oulpul frequencies.

aveurs in the same region on the panel,
lessening the chanee for operator error,
and

2) Sinee the dials are not hidden be-
hind the pauel, the operator can casily
determine which way to rotate the con-
trols to inerease or decrease the fre-
queney setting,

GENERAL RADIO EXPERIMENTER

Figure 6. New in-line digital readout.

Over-all Versatility

In this all-im-one-package, wide-range
converter, rugged construetion and long-
term veliability are combined with a
number of important operating fedatures
— high sensitivity, the ability to niake
measurements in the presence of naise,
positive identification of frequency, and
simple controls — to produes an instru-
ment of maximum usefuliess in preecise
frequency measurement.

— H. T. MuALEER

CREDITS

The design and development of the Type
1133-A Frequeney Converter was earried ont
by W. F. Byers and H. T. MeAleer, nssisted
hy 8. Bamour, Progress from conception to
completion supported by G, Neagle, me-
chamical design; W. Montague, design drafting;
1. H. Chipmun, production engineering; and
W. P. Bunek, test engineering.

— Enrtor

SPECIFICATIONS

INPUT

Frequency Range: 100 ke to 500 M,

Sensitivity (with the Type 1130-A counter): [del-
ter than 10 millivelts on narrow band; hetter
than 100 millivolts on wide hand, See Pigure 5,

Impedance: H0 olins.

Reference Frequency Required: 5 \e, 0.1 volt,
rms, into 50 ohms (normally supplied from
H5-Me output conneetor on Tyre 1130-A)
OUTPUT

Frequency: 100 ke ta 10 Me.

Amplitude: (.25 volt to 1 volt, approximately.

Impedance: 100 ohms, approximately.

Noise and Harmenics: Nurrow-hand operation
provides filtering to reduce noise and extraneonus

signals, Linvar mixer preserves signnl-to-noise
ratio during conversion proeess.
GENERAL

Power Input: 105 to 1235 (or 210 to 250) volts,
50 to G0 ¢ps, 60 watts.,

Accessories Supplied: T'wo coaxial pateh cords
for connection to counter, one cosxinl cable
connector, one 3-wire power cord, and spare
Mises,

Dimensions: Bench model, width 19, Leight
7La, depth 1734 inches (485 hy 190 by 450 mm ),
over-all; rack model, panel, 19 by 7 inches (485
by 180 mm); depth behind panel, 14 inches
(355 mm).

Net Weight: 34 pounds (15.5 kg).

Type l Code Word Prire
1133-AM Frequency Converter, Bench Model. . . .. W NOVEL $1250.00
1133-AR Frequency Converter, Rack Model. ., .. ......... NEWEL 1250.00

U.8. Patent No. 2,548,457,
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DIGITS CAN LIE

A Discussion of Error Sources in Counter Measurements

Sinee its introduetion some 15 or so
yvears ago, the counter, or digital time
and frequency meter, has hecome a
widely used eleetronic instrument, al-
most as ubiquitous as the vacuum-tube
voltmeter or the oscilloseope, Wonderful
as this instrument seems, however, it is
still eapable of produeing wrong answers,
even though its eireuits may be funetion-
ing perfectly. Recognition and under-
standing of the sources of ervor will
enable one to minimize their effeets and
to improve the usefulness and relinbility
of counter measurements,

When using a eounter, one should
keep in mind the distinetion between
precision and aceuracy. Precision de-
seribes the degree of fineness, the least
significant figures, of a measurement;
accuraey indieates the possible extent
of ervor. For example, it is quite possible
(and fairly common) to measure a time
interval with a counter to a precision of
0.1 psee, bui with an aceurncy of only
=1 msec.

The simplified block  diagram  of
Figure 1 shows the five basic cirenit
bloeks of a digital time and frequency
meter: input cireuits, time base, main
gate, program control, and decimal
cotnting units, The input eirenits gener-
ate trigger pulses from the input signal,
For frequency measurement these frig-
ger pulses are counted by the decimal
counting units during a time interval
derived from the time base; for time
measurement the trigger pulses eause the
main gate to start and stop the flow of

DECIMAL COUNTNG LSaTS

, [l
£ | o

Figure 1. Simplified block diagram of a digital

time and frequency meler.

time-base elock pulses into the decimal
counting units.

The program control routes pulses to
open aud ¢lose the main gate, selects the
proper puilses to be counted, controls the
display, and handles the resetting oper-
ations,

Errors ean, of course, oceur if any of
these cirenit hlocks malfunction, but we
ure coneerned here with errors due to
other causes, Such errors oceur mainly
in the time-hase, gate, and input eirenits.
Some are inherent i the connting syvs-
tem; others depend upon the nature of
the signal to be measured.

INHERENT ERRORS
Time-Base Error

The time-base reference for most
counters is u quartz-erystal oseillator.
Such oseillutors are exceptionally acen-
rate and stable but will still drift in
frequency with time and should he reset
ocensionally. Satisfactory self-check oper-
ation af a counter does not Tndicate the
acewracy of the time-base referenee fre-
quency.

One-Count Gating Error

Because the rate of the trigger pulses
that are counted is not usually svuchro-
nous with the rate of the pulses that are
opening and closing the main gate, it is
possible for a trigger pulse to occur
simultaneously with a gating pulse and
not to be counted (see Figure 2). This
eads to the so-called one-count gating
error — the possibility that any particu-
lar measurement may be in error by one
count. The percentage error versus fre-
queney, caused by the gating error, is
plotted in Figure 3 for various methods
of measurement.

This one-count gating error applies
only to a single measurement. In a series
of measurements of the same t]u.mllt\
(a typical use of o counter) the ansiwer is

www.ietlabs.com
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Figure 2. One-count galing error. Pulses
occurring simultoneously with the gale may
or may not be counted.

averaged, and the one-count evror di-ap-
pears. For example, if the true value of
the last digit is between 4 and 5, say 4.5,
the reading will jump back and forth
between 4 and 5. By observing the rela-
tive vite of oceurrence of the two digits,
the operator ean estimate a digit beyond
the last one displayed. (Tneidentally, it's
easier to do this with the thermometer
fype of readout than with the more
popiilar in-line readout.)

ERRORS CAUSED BY NOISE

There is an additional group of errors,
which are cansed by noise. Noise, in this
instanee, refers to anvthing that eauses
the input signal processed by the counter
fo be ather than a perfect sine wave of
infinite signal-to-noise ratio. Modulated
signals, for example, may be considered
ta be noisy signals.

The effects of noise depend directly
upon the operation of the input cirenits,
which funetion both as an amplitude

% o
4 |
a T (R
i )
o0 g o
- e !
i b LN e
L e
3 ool M = w0
i
£ o000 e % o
i,
|
ooooor - P
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FREQUENCY ON PEAKD

Figure 3. Percenloge error versus Frequency
coused by one-count galing error.
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limiter and a trigger pulse generator. In
most counters, a Schmitt (or similar-
type) eirenit generates a trigger pulse
when the input-signal voltage inercases
ahove o ecertain reference-voltage level
and resets itsell when the input voltage
falls below another level, as illustrated
in Figure 4. The voltage differcnce be-
tween the triggering and resetting levels
is called the “hysteresis” voltage of the
comnter and determines the minimum
imput voltage necessary to operate the
input eircuits. A trigger-level control to
adjust the absolute voltage of the trig-
THIGGER PUCSES

GENERATED AT
THESE POINTS.

e 5o LN
F8te s )
HYSTEWESS

gering and reseiting levels is very useful
in combating the effects of noise and
obtaining maximum input sensitivity.

THIGGERING I
LEVEL

flgurs -4, METIM
Qperation of

input circuits.

Frequency-Measurement Errors

Irrors in frequency measurement can
be caused by modulation, either ampli-
tude or frequencey, or by the existenee of
spurious signals along with the desired
signal.

Amplitude Modulation

If the input signal is amplitude-modu-
lated, an error may oceur if the trigger-
ing level i= offset as shown in Figure 5,
With the triggering and resetting levels
adjusted svmmetrically about 0 vaolts,
however, the correet frequeney will be
measured as long as the minimum peak-
to-peak exenrsion of the input signal is
greater than the hyvsteresi= voltage. Fven
with optimum adjustment of the trig-
gering level, however, pulses will be lost
if the degree of modulation reduces the
voltage exeursions to less than the hys-
teresis voltage.

Frequency Modulation

The eounter is often used to measure
various properties of a frequeney-modu-

IET LABS, INC inthe GenRad tradition
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TENGERING
EVEL -

Figure 5. Eror coused by
amplitude modulation.

lated signal! Tt ean measure the average
value of an input frequency during the
chosen counting interval, provided that
the frequency remains within the reso-
lution eapability of the instrument. If
the frequeney rises above the maximum
counting vate of the instrument or falls
below the minimum rate, pulses will he
lost and the measurement will be in
error,

If a heterodyne frequeney converter
for high-frequency measurements  is
used, care must be taken that frequeney
modulation does not drive the input
frequency down through zero beat with
thu- heterodyne reference frequency and

“out the other side,” or the counter
reading will be incorreet.

Noise

Ii the desired signal is accompunied
by noise sufficient to cause extra tran-
sitions of the hysteresis region, as shown
in Figure 6, extra counts will be regis-
tered. This error can often be combated
by adjustment of the triggering level to
the region of steepest signal slope or by
attenuation of both signal and noise.
Note that it is the absolute value of the
noise voltage that is important, rather
than the signal-to-noise ratio. In a
counter with a 0.2-volt hysteresis region,
for example, a 10-volt signal accompa-
nied by 1 volt of noise will not be meas-
ured correetly, Attenuating the input

10:1, however, leaves a signal of 1 volt
with 0.1-volt noise, which will be meas-
ured with no difficulty.

The

situation deseribed  above is

8. Christensen, “New Method of
tion Uses Electronic Ceounter,'
(uml-h:m ,M'n rmnlm Engineering, July 1062, p. 38,
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slightly oversimplified; it is correet for
signal and noise frequencies well below
the maximum triggering rate. The hys-
teresis voltage of most counter input
cireuits is not constant for all input fre-
queneies; it deerenses at frequencies ap-
proaching the maximum triggerving rate,
even though the over-all sensitivity of
the counter may deerense. A 10-Me
counter, for example, will be more sensi-
tive to 10-Me noise than to 1-Me noise.

Interfering Signals

Oceasionally it is necessary to measure
the frequeney of a signal in the presence
of another signal of nearly equal ampli-
tude. Counters have been severely, and
somewhat unjustly, eriticized for being
unable to make this type of measure-
ment. The actual situation, however, is
not as bad us may be believed.

A capture effect oecurs in the input
cirenits of a counter, similar to that en-
countered in FM receivers, Figure 7
shows an experimental eurve deseribing
the effect on a counter measurement of
two signals together. If the frequeney of
the interfering signal is mueh higher
than that of the desired signal, the
interference behaves like the type of
noise deseribed above. That is, i the
peak-to-peak interference voltage is less
than the hysteresis voltage of  the
counter, it will cause no difficulty. If the
interference voltage is greater than the
hysteresis voltage, however, it may cause
errors — depending on the ratio of the
frequencies of the two signals and their
amplitudes. As the interfering frequeney
approaches the desired frequency, the
counter can tolerate more interference
amplitude before making an error.

Let us consider the ease of an inter-
fering frequency close to the desired fre-
gquency as the interference amplitude

THSGERING LEVIL
Y

Figure 6. Effects of additive noise.
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Figure 7. Caplure behavier of @ caunter. Counter ignores an interfering signal with amplitude below the
shaded area. It interference amplitude exceeds shaded area, counter will measure interfering signal only.

inereases from zero. The composite volt-
age begins to wax and wane at a rate
equal to the difference frequency and
with an envelope amplitude equal to
that of the interference. The voltage
waveform looks like an  amplitude-
modulated wave, exeept that the phase
of the “carrier’ is also varying. The
average frequency  within the modu-
lation envelope, i.e., the average rate of
positive zero erossings, is equal to that
of the larger-amplitude, lower-frequeney
signal. The ecounter will continue to
measure the lower frequeney until the
interference hecomes great enough fo
compress the composite voltage ampli-
tude within the hysteresis voltage limits,
As the interference voltage increases
still further, the counter will give erratic
readings until the amplitude of the infer-
fering signal exceeds that of the desired
signal by an amount equal to the hys-
teresis voltage. At that point and beyond,
the counter will read the higher frequeney.

This two-signal behavior is summa-
rized in the following approximate re-
lations:

Counter measures higher frequency if

> Vit 4

counter measures lower frequency if

Vi< Iy, + KA,
T
where:
Vy = peak-to-peak amplitude ol

higher frequency signal,

1", = peak-to-peak amplitude of
lower frequency signid,

I = higher frequeney,

[ = lower frequency,

A = hysteresis voltage of counter,

IX = a factor varving between |

and 2.

If neither condition is satisfied, the
counter will give erroneous readings.

A ecounter, therefore, has a degree of
inherent immunity to interference. I the
interfering frequency is lower than the
desired signal frequeney, it will be com-
pletely ignored by the counter if ifs
amplitude is less than the signal ampli-
tude by at least the hysteresis voltage.
As the interfering frequency excecds the
signal frequeney, the counter can foler-
ate less and less interference amplitude
but, in the limit, will still ignore inter-
ference amplitudes less than the hys-
teresis voltage.
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Errors in Period Measurement

For period measurements, {rigger
pulses generated from the input signal
open and close the main gate and control
the flow of time-base pulses into the
deeade counters. The accuracy of such a
measurcment depends on the time aceu-
raey  with which the triggering-level
crossing of the signal can be determined.
Errors in this determination may occur
for several reasons: the triggering-level
crossing of the signal may vary because
of drift, hum pickup, noise, ete., or the
triggering level itself may vary for simi-
lar reasons, Figure 8 illustrates the effect
of uncertainty in either signal or trigger-
ing level. These nuncertainties are addi-
tive and ecan be ecombined into a single
“noise’ voltage. For sine waves trigger-
ing at zero crossings, the following re-
lationship applies:

+ 1 ¥ 5 100

* V,

Mauax error in 9,

peak noise voltage,
peak signal voltage.

where V7,

Vs

Stated in other terms, the fractional

error caused by noise is about one-third

the noise-to-signal ratio. For example, a

noise voltage of 39, can produce an
error of about 179,

The effective noise ineludes both noise
present in the signal and internal noise
generated by the eounter. The internally
generated noise depends on the im-
pedance of the signal source and the
positions of the eontrols. For example,
measuring the period of a elean signal
of I-volt rms amplitude from a 600-ohm

SIGHAL
TRIGGEING /
LEVEL
UNCERTRINT Y
| TRLLERNG
LEVEL
Trvi
e LT

SiGNAL LEVEL
UNCERTAINTY

Figure B. Effecls of uncerlainly in signol or
triggering level.
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source will yvield an aceuracy of about
0.05% on a General Radio Tyre 1130-A
counter, indicating an effective internal
noise of about 2 mv. A 10-periods meas-
urement is at least 10 times as accurate
sinee the time error is compared with a
time interval 10 times as long.

The above remarks apply to noise of
a random nature. If the noise is periodic,
the measurement will display a eyelic
variation, and it is possible to estimate
the mean value of the measurement with
greater accuracy than that indicated by
the signal-to-noise ratio.

Errors in Time-Interval Measurements

The sources of error deseribed above
apply also to time-interval measure-
ments. Time errors caused by noise on
the start and stop signals or triggering
levels can be expressed as follows:

T=<=+ Ya
8
where: T' = error in seconds,
V. = peak noise voltage,
& = slope of signal in

volts /second.

As the slope of the signal increases, the
time error caused by noise decreases, so
that, for brief pulses or voltage steps
with rise time comparable to one period
of the eounted frequency,*the measure-
ment error is reduced to =1 period of
the counted frequency =£ the error of
the time-base reference.

Two Rules-of-Thumb for Counter
Measurements

Two good rules-of-thumb to follow
are: (

1. A steady reading iz usually correet;
an erratic reading incorreet,

2. When in doubt, look at the input
signal with an oscilloscope.

The purpose of this discussion has
been to acquaint the reader with some
of the eauses of error in counter measure-
ments, not to weaken hig confidence in
such measurements but, rather, to bolster
that confidence through better under-
standing of the prineiples involved,

— H. T. McALEER
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CAPITOL SERVICE

The establishment of a service labo-
ratory at our Washington, D. C., office
brings to six the number of such oper-
ations in the U. 8. and Canada. Donald
W. Brown, formerly Service Supervisor
at our New York Office, heads the new
facility, located at Rockville Pike at
Wall Lane, Rockville, Marvland (Tele-
946-1600). At New York,
Jones becomes Serviee

phone
Raymond J.
Supervisor.
All six service offices are fully staffed
and equipped for the repair, recondition-
ing, and recalibration of General Radio
instruments and for the certification of
General Radio standards. All work per-
formed by our service department is
guaranteed for one year. Customers pre-
ferring to make their own repairs will

GENERAL RADIO EXPERIMENTER

Donald Brown Raymond Jones

find most replacement parts stocked at
all six service centers.

Customers in need of service may
choose whichever of the six offices is
most convenient. For fastest, most eco-
nomical service, we recommend the
office located nearest to you. Whichever
office you choose, vou will find the
expert, courteous assistanee that has
long been part of the GR tradition.

“Bridges and Techniques for
Impedance Measurement' was
the title of @ seminar recently
conducted by General Radio
engineers at the plant of RCA
Vieter Company, Ltd., in
Montreal. Morning lectures by
Dr. John F. Hersh were fol-
lowed by afternoon workshop
sessions. Parlicipating in the
seminar were engineers from
RCA Victor, Canadian Aviation
Electronics, Northern Electric,
and Canadian Marconi. The
photo shows a workshop on
coaxial-line measurements.

General Radio Company

extends to all Experimenter readers its best wishes

for a Hoppy ond Prosperous 1963.
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