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T —— RADIO-FREQUENCY
Alsc CHARACTERISTICS OF THE
IN THIS ISSUE TYPE 726-A VACUUM-
Page TUBE VOLTMETER

Tue GENERAL Rabio
STANDARDIZING @ BECAUSE OF THE WIDE AC-
SRR g ® 1 CEPTANCE of the Type 726-A Vacuum-

Tube Voltmeter! for the measurement of

voltage and current® at radio frequencies, a discussion of its behavior

at frequencies up to 150 megacycles may be of some general interest.

A knowledge of the effective input impedance at the terminals of a
voltmeter is desirable so that the instrument can be used with confidence
in a given applica-
tion. With an exact

. Ficure 1. Panel view of the TYPE 726-A Vacuum-Tube
knowledge of the in- Yoltnieter.

put impedance and

its varialtion with
frequency, it will, in
general, be possible
1o estimale or com-
pute the effect of the
voltmeter on the cir-
cuit under measure-
ment.

In most applica-
tions, however, one
component only of
the impedance is of
real significance. For
example, when meas-
uring the voltage
across tuned circuits
it is usually possible
to retune the circuit

www americanradiohistorv. com



www.americanradiohistory.com

GENERAL RADIO @

to compensate for the capacitance, so
that the parallel resistance R, becomes
the effective input impedance. When
making measurements on untuned cir-
cuits, on the other hand, the capacitance
is the significant component, its imped-
ance being much smaller than R, at high
frequencies.

When the voltmeter is used as an indi-
cator in the parallel-resonance method
of impedance measurement, both com-
ponents of impedance are absorbed by
virtue of the substitution method em-
ployed. In this case, however, the finite
impedance of the vacuum-tube volt-
meter acts to reduce the “‘resolving
power”’ of the method of measurement.
Thus, even here, a knowledge of the
impedance is useful, as it permits us to
estimate the resulting limitations on
range and accuracy.

Figure 2 shows the measured variation

of the effective parallel resistance R,
as well as the parallel capacitive reac-
tance X, of the TypeE 726-A Vacuum-
Tube Voltmeter. The new TyreE 821-A
Twin-T Impedance-Measuring Circuit?®
was used in making these measurements
over the {requency range from 1 mega-
cycle to 30 megacycles. At the lower {re-
quencies the Type 516-C Radio-Fre-
quency Bridge was used, while in the
region from 30 to 100 megacycles a
susceptance-variation circuit? was em-
ployed. The measurements were made
on several voltmeter probes, with the
plug tips removed. At low frequencies
the input impedance is equivalent to a
resistance of approximately 6 megohms,
shunted by a capacitance of 6.6 puf. The
reduction in R; at the higher frequencies
is caused by dielectric losses. These
losses occur in the yellow bakelite
housing between the input terminals,
in the ceramic tube socket, in the
blocking condenser and the resistors,

Ficure 2. Plots of input reactance, resistance, and dissipation factor of TyPE 726-A Vacuum-
Tube Veltmeter as a function of frequency.
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and in the glass envelope of the diode.
(The diode conductance loss is unim-
portant at high {requencies.) The total
input impedance may also be considered
as that of a capacitance whose dissipa-
tion factor varies with frequency. The

effective dissipation factor of the

1
Ry C
input capacitance is also plotted in
Figure 2.

When the TyYpPE 726-P1 Multiplier? is
used with the vacuum-tube voltmeter
the effective input impedance is even
higher than that indicated by Figure 2,
being approximately equivalent to that
of a 4.5 uuf condenser of less than 0.59
power factor. The multiplier thus is an
excellent means of obtaining extremely
high input impedances, if the 10:1 reduc-
tion of sensitivity is permissible.

Itis well known that certain {frequency
effects are present in any vacuum-tube
voltmeter circuit, which cause the volt-
age indications at very low and at very
high frequencies to differ from the true
value of the applied voltage. At some
low frequency the reactance of the con-
denser in the diode rectifier circuit will
become sufficiently high so that a signifi-
cant fraction of the applied voltage
appears across it rather than across the
diode. In addition, the dynamic charac-
teristics of the indicating meter and the
characteristics of the amplifier can also
become important in determining the
response to the impressed voltage. In the
TypE 726-A Vacuum-Tube Voltmeter,
however, these other effects become
significant at frequencies much lower
than those at which the reactance error
first becomes appreciable. The perform-
ance 1is substantially independent of
frequency, even at the lowest audio
frequencies. At 20 cycles the error is less
than 19;.

At high radio frequencies, on the other
hand, two important phenomena come

3 EXPERIMENTER
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Ficure 3. Schematic diagram of the input

circuit of TyrPE 726-A Vacuum-Tube Voltmeter.

into play that have a progressively more
important effect on the performance of
the voltmeter as the frequency is raised.
The most commonly known of these
is resonance in the input circuit of the
voltmeter. To a first approximation, it
can be considered that the inductance
of the input leads resonates simply with
the anode-to-cathode capacitance of the
diode, causing the voltage acting on the
diode to increase. As a consequence, the
voltmeter reads higher than the true
value of the impressed voltage. The
resulting increase in voltmeter indica-
tion can be calculated with a fair degree
of accuracy for {requencies up to one-
half or one-third of the resonant fre-
quency,* and the result is independent
of the voltage level.

The second important phenomenon
which affects the behavior of a voltmeter
at high frequencies is the finite time of
transit of electrons from the cathode to
anode of the diode rectifier. This effect
has been widely discussed in the litera-
%5% under the various names of
“electron-inertia error,” ‘‘transit-time
effect,” and “premature cut-off.”

Referring to Figure 3, the condenser C,
tends to charge to the voltage
quired to turn back electrons at the
anode of the diode.” If the time of elec-

ture

re-

*The resonant frequency is approximately 400 mega-
cycles, with the probe tips removed.
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Ficure 4.

tron flight in the diode is negligible com-
pared to the period of the alternating
voltage, the condenser voltage will be
very nearly equal to the peak value of
the impressed voltage. Actually, how-
ever, the transit time is comparable to
the period at the higher frequencies, and
the electric field acting on an electron
changes while it is in flight. The retard-
ing field acting during the inverse por-
tion of the cycle effectively reduces the
voltage required to turn the electron
back. Consequently, the voltage on C
will not reach the value that would occur
for a negligible transit time. It can be
seen that the effect of this phenomenon
is a voltage indication that is lower than
the true value. Furthermore, since the
time of transit is a function of the plate-
to-cathode potential, the deviation is a
function of the applied voltage as well
as of the frequency.

Figure 4 shows the ratio of applied
voltage to indicated voltage for the
TypE 726-A Vacuum-Tube Voltmeter as
a function of frequency, for several dif-
ferent voltage levels. These data were
taken with the plug tips of the voltmeter
probe removed. 1If the tips are in place
and the voltage is applied near the ends,
the deviation is larger than that indi-
cated, since the resonant frequency is
lowered by the added inductance and
capacitance of the tips.

It will be observed that, at the high
voltage levels, the percentage deviation
is essentially independent of voltage.
That is, the electron transit time is small
by virtue of the relatively high acceler-
ating field acting, and resonance is the
controlling factor in the behavior. At
lower levels, however, the transit time
phenomenon introduces a compensating
effect which reduces the deviation be-
tween the true value and the indicated
value of voltage. At levels in the vicinity

Plot of the ratio of applied voltage to indicated voltage as a function of frequency for

several different levels of indicated voltage. The voltage levels are indicated by the figures asso-
ciated with each curve.
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of 14 volt the two effects very nearly
cancel each other, and the frequency
error is less than 29, up to 100 mega-
cycles. At frequencies up to about 50
megacycles the frequency error is less
than 29 for all levels.

The curves of Figure 4 also apply
when the Type 726-P1 Multiplier is
used, since it introduces no appreciable
frequency error in the range from 1 to
100 megacycles.

When non-sinusoidal voltages are
being measured at high frequencies, the
peak value of the voltage acting on the
diode may be markedly different from
the peak value at the probe terminals,

3 EXPERIMENTER

because of the different value of reso-
nant rise experienced by the wvarious
components of the voltage. Conse-
quently, considerable caution must be
exercised in interpreting readings at
the higher frequencies, if the voltage
under measurement is not very nearly
sinusoidal. For sinusoidal voltages, how-
ever, it is possible to make measure-
ments at frequencies up to 150 mega-
cycles substantially the same
accuracy that obtains at lower fre-
quencies, by using the correction factors
indicated in FFigure 4.

— Ivan G. EasToN

with
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® LAST MONTH we pointed out that, in order to conserve essential
materials for National defense, substitutes are being used in General Radio
instruments. An example of this is the use of plastics instead of alumminun
for panels where the substitution does not impair the performance of the
instrument. Important mechanical characteristics such as strength and
stability, as well as appearance, have been considered in selecting the most
acceptable substitute, so that the high standard of quality in General Radio
instruments will be maintained.

Maintenance of quality is particularly important at this -time, because the
bulk of our products is going either to manufacturers and laboratories engaged
in National defense work or directly to the various government activities.
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THE GENERAL RADIO STANDARDIZING LABORATORY

®@ QUALITY CONTROL IN IN-
STRUMENT MANUFACTURE is
an extremely important function. How-
ever well-designed an instrument may
be, accurate calibration and reliability
in service are the qualities that deter-
mine its ultimate usefulness. Careful
inspection, adjustment, and standardi-
zation are necessary to achieve the re-
liability and accuracy that are promised
in the manufacturer’s published specifi-
cations.

At the General Radio Company, the
Standardizing Laboratory is the final
link between the Company and the cus-
tomer. Any errors or defects that may
have occurred in manufacture must be
caught and corrected in this laboratory.
Instruments are then adjusted for opti-
mum performance and calibrations are
made. Obviously, the laboratory’s job
must be well done or customer dissatis-
faction is bound to result.

The principal function of the’ Stand-
ardizing Laboratory is the performance
of standard engineering-test and cali-
bration operations as a routine produc-

tion procedure. Closely allied to this are
the inspection and test of component
parts before their assembly into com-
plete instruments. The complete pro-
duction of piezo-electric quartz crystals
is also carried on as an activity of the
laboratory, since the preparation of these
is primarily a precision calibration oper-
ation involving adjustments in terms of
a known standard.

Capable personnel, adequate test
equipment, and standardized test pro-
cedure are essential if a uniformly
accurate and reliable product is to be
turned out. Of the twenty men who test
General Radio instruments, six have
engineering degrees and ten others are
graduates of engineering institutions. In
addition to permanent laboratory per-
sonnel, the staff usually includes several
students pursuing co-operative courses
in electrical engineering at nearby
engineering schools and colleges.

Some $25,000 worth of standard Gen-
eral Radio instruments are permanent
equipment in the laboratory, including
3 Wave Analyzers, 6 Beat-Frequency

Ficure 1. View of a portion of the Standardizing Laboratory, showing a group of TyrPE 605
Standard-Signal Generators undergoing test and calibration.
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Oscillators, 6 Vacuum-Tube Voltmeters,
7 Bridges, 8 Ileterodyne-I'requency
Meters, and at least one each of most
other instruments in the General Radio
catalog; and there are, of course, many
special instruments and assemblies de-
signed to meet specific test requirements.

Definitely prescribed test schedules
are carried out on each instrument. The
tests to be made are specified by the
engineer responsible for the development
of the instrument, and the detailed test-
ing specifications are worked out jointly
by the engineer in charge of testing and
the development engineer.

The thoroughness of the test pro-
cedure followed on most instruments can
be illustrated by listing the tests per-
formed on a TypPE 736-A Wave Analyzer.
In brief, these consist of

1. Over-all Inspection of Mechanical
Assembly.

2. Input Power Measurement.

3. Adjustment of Plate Supply
Voltage.

4. Adjustment of Oscillator Range.

5. Balance Adjustments on Detector.

6. Preliminary Adjustment of Crystal
Filter to Obtain Desired DBand-Pass
Characteristics.

7. Detector Tuning Adjustment.

8. Final Crystal Filter Adjustments.

9. Over-all Gain Measurement.

10. Detector Distortion Measurement.

11. Attenuator Check.

12. Meter Check.

13. Input Multiplier Check.

14. Phase Inverter Linearity Test.

15. Frequency Response Measure-
ment.

16. Absolute Voltage Calibration.

17. Hum Measurement.

18. Frequency Calibration.

These Instruments are tested in
groups of five, that is, each test is per-
formed on each instrument of the group
before the test man proceeds to the next

IR D> £ X PERIMENTER

FIicure 2.

test. In this way, more efficient use of
time and equipment is possible than
when the complete test schedule is per-
formed on each instrument in turn. Yet
the minimum test time per instrument
i1s about six man hours, when no diffi-
culties that require trouble shooting are
encountered.

The activities of the Standardizing
Laboratory, however, are not confined to
production alone, but also touch engi-
neering, sales, and service.

The engineering functions of the
laboratory are threefold, embracing the
determination of performance data on
new Instruments, the maintenance of
standards, and the training of engineer-
ing assistants for the development
engineering group.

Trial production lots of new instru-
ments (usually numbering either five or
ten units) are given particularly compre-
hensive tests. Over-all performance tests
are made to determine catalog specifica-
tions; errors and omissions in manufac-

Calibrating a Type 722 Precision
Condenser in the Standardizing Laboratory.
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Ficu

RE 3. Modulation tests on a Type 605
Standard-Signal Generator.

turing specifications are corrected; and,
finally, operating tests under severe
temperature and humidity conditions
are made.

In order to calibrate instruments for
voltage, resistance, capacitance, induc-
tance, and frequency, accurate standards
are necessary. These are maintained in
the laboratory with the exception of the
Primary Standard of Frequency, which
isfglocated in the Engineering Depart-
ment. All working standards of resist-
ance, inductance, and capacitance are
intercompared periodically, and several
are sent yearly to the U. S. Bureau of
Standards for recalibration.

Testing specifications allow in general
about three-quarters of the tolerance
given in the catalog specifications. That
is, a resistor with a published accuracy

of 0.19 is rejected by the laboratory if
its error is over 0.0759.

The Standardizing Laboratory pro-
vides excellent training for engineering
assistants, and, from time to time, labo-
ratory personnel are assigned to the
development engineering group for work
under the supervision of development
engineers.

Not so obvious, but extremely im-
portant is the laboratory’s connection
with sales. It is the responsibility of the
laboratory administration to control
inventories so that no more than four
months’ supply of major instruments is
kept in the stockroom. This policy has
two beneficial results. It permits labora-
tory time to be allotted most efficiently
in terms of salable instruments, and it
assures the customer that the calibra-
tion of any instrument that he purchases
is no more than four months old. Some
particularly critical calibrations, how-
ever, are made only upon receipt of a
customer’s order.

Each repaired instrument is com-
pletely tested and calibrated to the same
specifications as a new instrument of the
same type. Since the volume of repairs
cannot be easily controlled, close co-
operation between the laboratory and
the Service Department is essential in
order to avoid delays in returning re-
paired instruments to their owners.

GENERAL RADIO COMPANY

30 STATE STREET -

CAMBRIDGE A, MASSACHUSETTS

BRANCH ENGINEERING OFFICES

90 WEST STREET, NEW YORK CITY

1000 NORTH SEWARD STREET, LOS ANGELES, CALIFORNIA
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