Exp erimenter



10DV JO A5914n00) A1y W

INDEX
to

GENERAL RADIO EXPERIMENTER
June, 1929 through May, 1931

Accuracy Considerations in the Use of Tuned-Circuit Wavemeters
Charles E. Worthen (August, 1930)

Amplifier, Audio for the Laboratory, An
Arthur E. Thiessen (April, 1930)

Amplifier Design, Direct-Current
Charles E. Worthen (June, 1929)

Amplifiers, Gain in and Other Networks
Arthur E. Thiessen (December, 1929)

Amplifiers, Production Testing of Audio-Frequency
Arthur E. Thiessen (June, 1929)

Arguimbau, L. B.
Low-Frequency Oscillator, A (October, 1929)

Stroboscopic Frequency Meter, A (November, 1930)

Attenuation Measurements on Telephone and Telegraph Lines
J. W. Horton (February, 1931)

Audio Amplifier for the Laboratory, An
Arthur E. Thiessen (April, 1930)

Audio Frequencies, a Rectifier-type Meter for Power Output
Measurements at
John D. Crawford (July-August, 1929)

Audio Oscillator, a Tuning-Fork
Charles E. Worthen (April, 1930)

Beat-Frequency Oscillators
Charles T. Burke (May, 1931)

Bousquet, A. G.
Uses for Plugs and Jacks in the Laboratory (December,
1930)

Broadcast Transmitters, Modulation Measurements on
W. N. Tuttle (March, 1931)



S10°DIAYD JO A591am0D) 114 @

2

Burke, Charles T.
Beat-Frequency Oscillators (May, 1931)

General Order 106 (April, 1931)

Importance of Mutual Conductance in Testing Vacuum
Tubes, The (July-August, 1929)

Radio-Frequency Driver for the Service Laboratory, A
(September, 1929)

Simplified Sensitivity Measurements for the Radio
Service Man (August, 1930)

Standard-Signal Method of Measuring Receiver Char-
acteristics, The (March, 1930)

Camera, Continuous-Film for the Oscillograph, A
Horatio W. Lamson (April, 1931)

Capacitance Bridge, An Equal-Arm
Robert F. Field (January, 1930)

Cardiotachometer
Unsigned (February, 1931)

Clapp, Jemes K.
Frequency Stability of Piezo-Electric Monitors, The
(October, 1930) (November, 1930)

Improving the Precision of Setting in a Tuned-Circuit
Wavemeter (September, 1929)

Simplified Inductance Calculations (February, 1931)

Clocks, Synchronous Motor-Driven
Harold S. Wilkins (October, 1930)

Commnication Circuits, Notes on Power Measurement in
John D. Crawford (October, 1929) (November, 1929)

Condensers, Straight-Line Wavelength, Straight-Line Frequency,
and Straight-Line Capacitance
John D. Crawford (March, 1930)

Continuous-Film Camere for the Oscillograph, A
Horatio W. Lamson (April, 1931)

Continuous Recording of Pulse Rates, The
Horatio W. Lamson (July, 1930)

Crawford, John D.
Notes on Power Measurement in Communication Circuits
(October, 1929) (November, 1929)



]

310 DIIANYD JO £59).0n0D) A1 E D
S

Crawford, John D. (Cont'd.)
Precision Frequency Measurements (March, 1931)

Rectifier-Type Meter for Power Output Measurements
at Audio Frequencies, A (July-August, 1929)

Straight-Line Wavelength, Straight-Line Frequency,
and Straight-Line Capacitance Condensers (March, 1930)

Useful Secondary Frequency Standard, A (April, 1931)

Direct-Current Amplifier Design
Charles E. Worthen (June, 1929)

Dynatron, The
Charles E. Worthen (May, 1930)

Electrical Communication, Television: A Comparison with Other
Kinds of
J. W. Horton (December, 1929)

Electrically-Driven Tuning Forks
Horatio W. Lamson (September, 1930)

Electron Oscillations
Eduard Karplus (May, 1931)

Equal-Arm Capacitance Bridge, An
Robert F. Field (January, 1930)

Fader, How and Why the
Horatio W. Lamson (July-August, 1929)

Field, Robert F.
Equal-Arm Capacitance Bridge, An (January, 1930)

Field-Intensity Measurements (Jenuary, 1931)

Field-Intensity Measurements
Robert F. Field (January, 1931)

Frequency Meter, a Stroboscopic
L. B. Arguimbau (November, 1930)

Frequency Stability of Piezo-Electric Monitors, The
James K. Clapp (October, 1930) (November, 1930)

Frequency Standard, a Useful Secondary
John D. Crawford (April, 1931)

Gain in Amplifiers and Other Networks
Arthur E. Thiessen (December, 1929



310°DIIAYD JO £533an0)) 31 @

General Order 106
Charles T. Burke (April, 1931)

Horton, J. W.
Attenuation Measurements on Telephone and Telegraph
Lines (February, 1931)

New Home of the Engineering Department, The (December,
1930)

Television: A Comparison with Other Kinds of Elec-
trical Communication (December, 1929)

How and Why the Fader
Horatio W. Lamson (July-August, 1929)

Importance of Mutual Conductance in Testing Vacuum Tubes, The
Charles T. Burke (July-August, 1929)

Improving the Precision of Setting in a Tuned-Circuit Wavemeter
Jemes K. Clapp (September, 1929)

Inductance Calculations, Simplified
James K. Clapp (February, 1931)

Karplus, Eduard
Electron Oscillations (May, 1931)

Lamson, Horatio W.
Continuous-Film Camera for the Oscillograph, A
(April, 1931)
Continuous Recording of Pulse Rates, The (July, 1930)
Electrically-Driven Tuning Forks (September, 1930)
How and Why the Fader (July-August, 1929)

Low-Frequency Oscillator, A
L. B. Arguimbau (October, 1929)

Measurement, Notes on Power in Communication Circuits
John D. Crawford (October, 1929) (November, 1929)

Measurements, Attenuation on Telephone and Telegraph Lines
J. W. Horton (February, 1931)

Measurements, Field-Intensity
Robert F. Field (January, 1931)

Measurements, Modulation on Broadcast Transmitters
W. N. Tuttle (March, 1931)



B10'DIAMAD J0 £5914n00) 11 E

Measurements, Precision Frequency
John D. Crawford (March, 1931)

Measurements, a Rectifier-Type Meter for Power Output at Audio
Frequencies
John D. Crawford (July-August, 1929)

Measurements, Simplified Sensitivity for the Radio Service Man
Charles T. Burke (August, 1930)

Measuring Receiver Characteristics, the Standard-Signal Method of
Charles T. Burke (March, 1930)

Modulation Measurements on Broadcast Transmitters
W. N. Tuttle (March, 1931)

Monitors, the Frequency Stability of Piezo-Electric
James K. Clapp (October, 1930) (November, 1930)

Mutual Conductance, the Importance of in Testing Vacuum Tubes
Charles T. Burke (July-August, 1929)

Networks, Gain in Amplifiers and Other
Arthur E. Thiessen (December, 1929)

New Home of the Engineering Department, The
J. W. Horton (December, 1930)

New Testing Instruments for the Radio Service Laboratory
Unsigned (June, 1929)

Non-Polar Relay, A
Unsigned (November, 1929)

Notes on Power Measurement in Communication Circuits
John D. Crawford (October, 1929) (November, 1929)

Oscillator, a Low-Frequency
L. B. Arguimbau (October, 1929)

Oscillator, a Tuning Fork Audio
Charles E. Worthen (April, 1930)

Oscillators, Beet-Frequency
Charles T. Burke (May, 1931)

Oscillators, Temperature Control for Piezo-Electric
Unsigned (November, 1929)

Oscillograph, a Continuous-Film Camera for the
Horatio W. Lemson (April, 1931)



Piezo-Electric Monitors, the Frequency Stability of
Jemes K. Clapp (October, 1930) (Noverber, 1930)

Piezo-Electric Oscillators, Temperature Control for
Unsigned (November, 1929)

Piezo-Electric Quartz Plates
Charles E. Worthen (February, 1930)

Power-Level Indicators
Arthur E. Thiessen (May, 1930)

Precision Frequency Measurements
John D. Crawford (March, 1931)

Precision Wavemeter
Unsigned (February, 1931)

Production Testing of Audio-Frequency Amplifiers
Arthur E. Thiessen (June, 1929)

Radio-Frequency Driver for the Service Laboratory, A
Charles T. Burke (September, 1929)

Radio Service Laboratory, New Testing Instruments for the
Unsigned (June, 1929)

=
&
Q
15
£
2
g
<
e
S
2}
=
=
5
B
e
«

Receiver Characteristics, the Standard-Signal Method of Mesas-
uring
Charles T. Burke (March, 1930)

Rectifier-type Meter for Power Output Measurements at Audio
Frequencies, A
John D. Crawford (July-August, 1929)

Relay, a Non-Polar
Unsigned (November, 1929)

Service Laboratory, a Radio-Frequency Driver for the
Charles T. Burke (September, 1929)

Service Man, Simplified Sensitivity Measurements for the Radio
Charles T. Burke (August, 1930)

Simplified Inductance Calculations
James K. Clapp (February, 1931)

Simplified Sensitivity Measurements for the Radio Service Man
Charles T. Burke (August, 1930)

Standard-Signal Method of Measuring Receiver Characteristics,

The
Charlas T. Rurlka (Mawrah 1020)



10 DAY JO A593an0) iy

Streight-Line Wavelength, Straight-Line Frequency, and
Straight-Line Capacitance Condensers
John D. Crawford {(March, 1930)

Stroboscopic Frequency Meter, A
L. B. Arguimbau (November, 1930)

Superheterodyne
Unsigned (February, 1931)

Synchronous Motor-Driven Clocks
Harold S. Wilkins (October, 1930)

Telephone and Telegraph Lines, Attenuation Measurements on
J. W. Horton (February, 1931)

Television: A Comparison with Other Kinds of Electrical Com-
munication
J. W. Horton (December, 1929)

Temperature Control for Piezo-Electric Oscillators
Unsigned (November, 1929)

Thermocouples
Unsigned (May, 1931)

Thiessen, Arthur E.
Audio Amplifier for the Laboratory, An (April, 1930)

Gain in Amplifiers and Other Networks (December, 1929)

Production Testing of Audio-Frequency Amplifiers
(June, 1929)

Uses of Power-Level Indicators (May, 1930)

Tuned-Circuit Wavemeters, Accuracy Considerations in the Use of
Charles E. Worthen (August, 1930)

Tuning-Fork Audio Oscillator, A
Charles E. Worthen (April, 1930)

Tuning-Forks, Electrically-Driven
Horatio W. Lamson (September, 1930)

Tuttle, W. N.
Modulation Measurements on Broadcast Transmitters
(March, 1931)

Useful Secondary Frequency Standard, A
John D. Crawford (April, 1931)



B0 DIAMYD Jo £593an0)) Ay @

Uses for Plugs and Jacks in the Laboratory
A. G. Bousquet (December, 1930)

Uses of Power-Level Indicators
Arthur E. Thiessen (May, 1930)

Volume Controls
Unsigned (Fetruary, 1931)

Wavemeter, Improving the Precision of Setting in a Tuned-Circuit
Jemes K. Clapp (September, 1929)

Wavemeter, Precision
Unsigned (February, 1931)

Wavemeters, Accuracy Considerations in the Use of Tuned-Circuit
Charles E. Worthen (August, 1930)

We Celebrate a Birthday
Unsigned (June, 1930)

Wilkins; Harold S.
Synchronous Motor-Driven Clocks (October, 1930)

Worthen, Charles E.
Accuracy Considerations in the Use of Tuned-Circuit
Wavemeters (August, 1930)
Direct-Current Amplifier Design (June, 1929)
Dynatron, The (May, 1930)
Piezo-Electric Quartz Plates (February, 1930)

Tuning-Fork Audio Oscillator, A (April, 1930)



The Ge
Exp

Vou. IV, No. 8

Radio
neer

JaNvuary, 1930

S10DHMAD JO £59100D) Iy

AN EQUAL-ARM CAPACITANCE BRIDGE
73}/ RoBerT F. F1ELD

Summary—The effect of a grounded shield and the Wagner ground connection upon
the bridge are discussed, and the substitution method for measuring the capacitance

and resistance of condensers is described.

HE Type 216 Capacity Bridge is

I a shielded equal-arm bridge with
self-contained shielded input and
output transformers. Its circuit con-
nections are shown in Figure 2. The
bridge is balanced by a simultaneous
adjustment of one of the condensers
C4 or Cp, and the resistor R which
may be placed in series with the con-
denser having the lower resistance by
means of a two-point
switch. For silence in
the telephones the
conditions of balance

are
M_Cs_Ri

N 0% ~Rp

and, since the ratio
arms are nominally
equal,

CA=CB and RA—_—RB (2)

where the resistor R is included in
either R4 or Rp. The setting of the
resistor R indicates the difference in
resistance between the two condensers;
therefore both the capacitance and re-
sistance of one must be known in order
that the capacitance and resistance of
the other may be calculated.

The different arms of the bridge, the

o

Ficure 1. The Typre 216 Capacity Bridge

condensers being compared, the power
source, and the balance detector may
all have capacitances to ground, and to
each other. These effects render the
simple bridge equations (1) incorrect
because neither the currents in the two
equal arms nor the currents in the two
condensers need be equal to produce
silence in the telephone receivers. There
are two general methods of minimizing
the effects of ground
and mutual capaci-
tances, namely the
use of the Wagner
ground and of shield-
ing.

The simplest type
of Wagner ground
consists (Figure 3)
of a resistance P9
having an adjustable
ground tap. By connecting a telephone
receiver between the junctions of P and
9 and of M and N, the latter junction
may be brought to ground potential.
Stratton* has discussed the use of the
Wagner ground at considerable length
andshowsthat the various ground capac-
itances, whether distributed or lumped,

* J. A. Stratton, “A High-Frequency Bridge,”
Journal of the Optical Society, XIII, October,
1926, 481.

]
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FicurE 2. Wiring diagram for TypE 216 Capacity
Bridge

are equivalent to a resistance and
capacitance, either in series or parallel,
connected between each generator ter-
minal and ground. These equivalent
impedances may then be made to have
the same ratio as the bridge arms M
and N by a proper adjustment of the
Wagner ground. For a complete ad-
justment, two variable condensers
(shown dotted in Figure 3) must be
connected in parallel with the ground
resistance P9. The two condensers
may be made into one unit by rotating
a single semicircular rotor between two
insulated semicircular stators placed
opposite each other. The values of the
bridge arms are slightly altered if they
have a distributed ground capacitance,
but this is a second order effect. It
may be eliminated by making the arms
symmetrical, for the bridge equations
are unaltered if M and N are equal
impedances. Thus the Wagner ground
minimizes the effect of fixed ground
capacitances. It does not eliminate the
effect of variable ground capacitances
due to the change of position of the
observer, the effect of mutual capaci-
tances, and the effect of various volt-
ages induced electrostatically or mag-
netically from outside fields. These
effects may be reduced only by
shielding.

In the Type 216 Capacity Bridge,
this consists of a metallic grounded
shield placed around the component
parts of the bridge. The two equal arms
need not be separately shielded if well
spaced and kept symmetrical. The con-
densers being compared must be com-
pletely shielded and connected with
their shielded terminals next to the
detector. A condenser is of no value
as a standard of capacitance unless
this capacitance is independent of
its position with respect to ground.
Thus the use of the Wagner ground and
the use of shielding are complementary
and the one cannot easily supplant the
other. The Wagner ground must be
accompanied by moderate shielding of
the bridge to eliminate induced volt-
ages and body capacitance of the ob-
server. On the other hand, the Wagner
ground can be dispensed with if the
bridge is shielded from the generating
source and the balance detector by
transformers whose primary and sec-
ondary windings are shielded by a
grounded metallic sheath placed be-
tween them. If the bridge have equal
ratio arms the center of the primary
may also be grounded, and both pri-
mary and secondary made symmetrical
with respect to the grounded iron core.
If this shielding were perfect so that

Ficure 3. Wagner ground applied to an equal-

arm bridge. When adjusting the Wagner ground

one terminal of the telephone receivers is moved
from point 4 to point &
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there was no capacitance between pri-
mary and secondary, it would be
necessary to shield only one trans-
former, but it is easier in practice to use
less care and shield both. It is still
essential, however, that the trans-
former and bridge be absolutely sym-
metrical, for otherwise the simple
bridge equations cannot hold.

There are three possible ways of
correctly comparing two condensers on
a bridge thus shielded, even when the
transformer and bridge are not sym-
metrical and the shielding of the input
and output transformers is not per-
fect. First, a Wagner ground may be
added across the secondary of the input
transformer. Second, the condensers
under comparison may be transposed.
This method to a first approximation
eliminates the value of the ratio arms

M and N and gives as the value of the

B10°DIAAD JO A593an0)) A1y

unknown capacitance the geometric
mean of the two settings of the known
capacitance. These values will be so
nearly equal that their arithmetic
mean may be used instead.

_CtCy R+R

2

Cy and R;=R,+ (3
Third, a substitution method may be
used. In its simplest form the condens-
ers under comparison are in turn con-
nected in one arm of the bridge, while
in the adjacent arm is placed a balanc-
ing condenser of equal capacitance
which need not be calibrated. The
bridge is balanced by adjusting the
balancing condenser with the unknown
in circuit, and by adjusting the known
condenser with the known in cir-
cuit. This method is liable to error
because of the use of two different
means of balancing the bridge and
because, if the condensers compared are
dissimilar, their different capacitances
to ground will affect the result unless
both are perfectly shielded.

A modification of this method, which
eliminates these difficulties and has at
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the same time an important advantage,
consists in always keeping the known
variable condenser in circuit. First the
bridge is balanced with the two con-
densers, known and unknown, in
parallel. Then the unknown condenser
1s disconnected on its unshielded side
and the known condenser increased to
produce balance again. The change in
capacitance of the known condenser for
the two positions of balance is the
capacitance of the unknown condenser.

Cz . Cs, M Cs) (4)

where C, is the capacitance of the
known or standard condenser for the
first balance when the unknown con-
denser is in circuit and Cy/ isits capaci-
tance when the unknown condenser is
out of circuit. The TyPE 222 Precision
Condenser is suitable for use as the
known or standard condenser. Any
TypE 246 Condenser or the TypE 239—]
Condenser may be used as the balanc-
ing condenser. With this equipment,
condensers of less than 1500 mmf. ca-
pacitance may be measured to within

£ }_—
7 Vs Co
el T
(@) (b)
FiGUrE 4

1 mmf., using the calibration chart
provided with the Type 222 Precision
Condenser.

Any air condenser is equivalent to
two condensers in parallel: the one, a
perfect variable air condenser having
no energy losses; the other a fixed con-
denser (due to the solid dielectric)
having all the energy losses. Since a
condenser having an energy loss is
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equivalent to a perfect condenser in
series with pure resistance, an air con-
denser having capacitance C and re-
sistance R (Figure 4a) may be repre-
sented as in Figure 4b, where Cy and
R, are the capacitance and resistance of
the solid dielectric condenser respec-
tively and C” is the capacitance of the
variable air condenser. Burke has
shown * that

RwC?=RwC, and C=Cy+C’
provided that the power factor of Cis
negligible, 1.e.:

RUWCO< <1

If the capacitance of the solid dielectric
condenser does not change with the set-
ting of the air condenser,} the quantity
Rw(C?is constant at any fixed frequency
because R, and C, are constant. For
different frequencies the quantity
RywC, which is the power factor of the
solid dielectric, is approximately con-
stant for good dielectrics, such as
isolantite, porcelain, or hard rubber.
For such materials RgwC, is of the
order of 0.005, whose square is negligible
compared to unity. Hence the quantity
Rw(C?is a constant, characteristic of the
air condenser. For the Type 222 Pre-
cision Condenser its value is approxi-
mately 0.06 x 10~ when R is in ohms,
 in radians per second, and C in farads.

In all the methods of comparing con-

* C. T. Burke, “Substitution Method for the
Determination of Resistance of Inductors and
Capacitors at Radio Frequencies,” Transactions
of A. I. E. E., XLVI, May, 1927, 483. See also
Appendix I.

t This can be brought about by so building the
air condenser that the electric field in the solid
dielectric supports is independent of the con-
denser setting. The General Radio Type 222,
Type 246, and Type 239 Condensers meet this
requirement.

1 An excellent discussion of the relation be-
tween the resistance and power factor of con-
densers is found in “Radio Instruments and
Measurements,” Circular of the Bureau of
Standards No. 74 (1st ed., 1918, or 2nd ed.,
1924) pp. 122 to 129, (Government Printing
Office, Washington, D. C.)

densers previously discussed, except the
last, it was found that the resistance of
the standard condenser must be known
in order that the resistance of the un-
known condenser might be determined.
In the modified substitution method
last described it is only necessary to
know the law of variation of the re-
sistance of the standard condenser with
setting. This is due to the fact that this
condenser is kept in circuit during both

~
o

Ficure §

measurements. It may be shown* that
the resistance of the unknown con-
denser is given by

e
G

R;=(R'—R) (6)
where C, is the capacitance of the un-
known condenser obtained from equa-
tion (4); C'2 is the total capacity in that
arm of the bridge; and R'—R is the
change in resistance of the added
resistor R of Figure 2, always taken as
positive. If for these two settings the
added resistor is transferred from one
arm to the other, the sum of its reading
rather than their difference must be
taken.

There are two points at which a
shielded bridge may be grounded to the
shield, the junction of the ratio arms
and the junction of the shielded sides of
the two condensers. If it were not
necessary to introduce a resistance
between the two condensers to obtain
the resistance balance, the junction

* Appendix II.
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of the ratio arms would be the better
point at which to place the ground,
because then the capacitances to
ground of the input transformer and
bridge arms are placed in parallel with
the ratio arms. But the ground capaci-
tance of the condenser, in series with
which the added resistance is placed, is
a shunt across both the added resis-
tance and the detector and turns the
bridge into a triple network as shown in
Figure 5. It may be shown* that while
the effect on the capacitance is negligi-
ble, the true resistance is given by

GaNiGe
R=®-R(1+Y)e

Thus for a given ground capacitance
C,, the resistance R, as calculated by
the simple formula, equation (6), is

g always less than the true resistance and

approaches it as the total capacitance
C is increased. Its true value may be
approximated by taking a set of ob-
servations for different values of total
capacitance C and plotting the resist-
ance as calculated from equation (6)
against the reciprocal of the total
capacitance. The intercept of this curve
on the axis of resistance, where total
capacitance is infinite, is the true
resistance. The error introduced by
this effect is greatest when the bridge
and condensers are placed on a
grounded table, and may easily amount
to 5o per cent. for small values of the
total capacitance.

When the ground is placed at the
junction of the added resistance and
the shielded side of one of the con-
densers, this correction is eliminated
and the true resistance of the unknown
condenser is given by equation (6). The
ground capacitance of the condenser, in
series with which the added resistance
is placed, is a shunt across the added

* Credit for the original derivation of this case
should be given to Mr. R. P. Siskind of the
Department of Electrical Engineering, Harvard
University.
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resistance only and has a negligible ef-
fect. But the capacitances to ground of
the input transformer and bridge arms
are now placed in parallel with the
balancing and standard condensers,
and any methods of comparing con-
densers involving a knowledge of the
total capacitance of either condenser
arm must be corrected for this added
capacitance.

The value of capacitance which can
be measured by the modified substitu-
tion method is limited to the range of
the standard condenser. This is about
1400 mmf. for the TypPE 222 Precision
Condenser. This limit may be raised in
the following ways. Consider first the
calibration of a variable air condenser
of maximum capacitance greater than,
but less than twice, this limit. It is
calibrated in the ordinary manner up to
the limit, using equations (4) and (6).
Let the largest value of capacitance and
the corresponding resistance be C, and
R, respectively. Without changing the
setting of the unknown condenser it is
connected in circuit, the standard con-
denser is set at approximately maxi-
mum, the balancing condenser is in-
creased correspondingly, and the bridge
is balanced. Now of course the un-
known condenser cannot be discon-
nected and the bridge balanced as
usual by increasing the standard con-
denser, but the capacitance and resist-
ance necessary for such a balance may
be calculated from the previous meas-
urement. Let €’ and R’ be this neces-
sary capacitance and resistance respec-
tively, and let C and R be the observed
values of capacitance and added resist-
ance after the capacitance was in-
creased. Then, since for both cases the
unknown capacitance and resistance
are unchanged

C/2
C,I:C/—C and Ra=(R'—R)C—aZ
(6
orC'=C,+C and R’=Ruﬁ+R. (8)
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These new values C’ and R’ may now
be used for the remainder of the cali-
bration as the capacitance and added
resistance respectively, which would
balance the bridge if the unknown con-
denser were disconnected. For a still
larger condenser this process may be
repeated.

Two condensers each larger than the
standard variable condenser may be
compared by this method if the differ-
ence of their capacitances is less than
the capacitance range of the standard
condenser. Two measurements are
made, one with each condenser con-
nected in parallel with the standard
condenser. Let C and Ry, C: and R: be
the capacitance and resistance respec-
tively of the two condensers, and C,
and R, C/ and R’ the corresponding
capacitance of the standard condenser
and the value of the added resistance
respectively. It may be shown* that

C2=C1+(C —C/)

C, +C
Rz—Rl +(R RpEEGE,
The limitatlon that the dlfference of the
capacitances of the two large condens-
ers must be less than the capacitance
range of the standard condenser may be

removed by the use of an additional

o

r

Gyt
RX RS

Rs

R R

applied to the calibration of a set of
condensers arranged to form a decade
or a number of decades in terms of one
of their number or in terms of the
standard variable condenser. The dec-
ades may consist of ten similar units,
or of four or more separate units of dif-
ferent values, such as the combinations

»2,2,551,2,3,4;and 1, 2, 3, 6.

In order to obtain resistance meas-
urements of reasonable accuracy it is
necessary to observe certain precau-

@) (b)

FiGure 6

condenser of sufficient size to bridge

this gap, whose capacitance and resist-

ance are known. This method may be
* Appendix II.

oo el _Im—1¢

<

Y 4

Rs R, Rs

Ficure 7

tions which are perhaps not as impor-
tant for capacitance measurement. Due
to the small power factor associated
with the usual condenser, the capaci-
tance balance must be made with
great accuracy, much greater than that
to which the standard condenser can be
read or calibrated, except when very
large capacitances are being compared.
For the typical case of a total capaci-
tance of 1000 mmf. the capacitance
balance must be adjusted to .01 mmf.
in order that the resistance balance
may be made to 1 ohm. To attain this
sensitivity a potential of at least 5o
volts at a frequency of 1000 cycles
must be applied to the bridge and a
two-stage amplifier connected to the
telephone transformer. The wire to the
unknown condenser must remain in
place and connected to the unshielded
terminal of the standard condenser
when the unknown is disconnected, its
motion must be kept small, and, in
order to keep its capacitance and
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dielectric losses small, it should be
uninsulated.

Since the resistance of a condenser
varies inversely as the frequency, the
frequency of the voltage applied to the
bridge must be constant within much
closer limits than are required for
resistance or inductance measurements.
The fluctuations of frequency must not
be great enough to change the resist-
ance balance by 1 ohm. This effect will
be the greater, the larger the losses in
the unknown condenser, for then the
compensating effect of the resistance of
the balancing condenser will be less.
The generating source should also be as
free from harmonics as possible. When
the bridge is balanced for the funda-
mental, the resistance balance for the
second harmonic and for all other har-
monics is quite incorrect. Hence any

| harmonics in the source will be heard in

B10DIMUD JO £533an0) A1y

the telephones in proportion to their
magnitude. Due to their different pitch
the trained ear can discriminate against
them, but it is always easier to effect a
bridge balance when they are small.
Occasionally, especially when meas-
uring condensers containing poor die-
lectrics, the bridge balances, both ca-
pacitance and resistance, will appear to
drift with time. This may be due to a
frequency shift, but it is more likely
due to an increasing temperature of the
dielectric produced by its own energy
losses. The temperature coefficient of
resistance of solid dielectrics is large
and for accurate measurements some
sort of temperature control is necessary.

AprpPENDIX |

The general law for # condensers in
parallel may be easily derived from a
consideration of the energy relations
involved. The power loss in a condenser
is

W =FR.

For the ordinary negligibility relation,
namely R? << X?,

Januvary, 1930 7

Pt

X=EwC,

whence the loss in watts per squared
volt is

Y Roc
Since power is additive,
Y~ R
= RwCe 4 R CY - . . +R,?CY,
= 2R Cat,
or 1
RoC*=3R,wCa2  (10)
and :
2 Rneo G
Ri— ln— : (11)
wZC,?

Appenpix I1

In the modified substitution method
of comparing two condensers the two
arrangements shown in Figure 6 must
have identical impedances when the
bridge is balanced for both. In (a) the
unknown condenser is in circuit, in (b)
it is disconnected. Constants of the
standard condenser are indicated by
subscript s and the added resistance is
R. Primed letters indicate the second
balance, when the unknown is discon-
nected. For identical impedances,

G-} C=C
R C2+ R,wC?
o (C,+ C,)?

Now, from the law of the air condenser
(Equation 5)
RwC?=R/)uC,?

C.=C/—C,and R.,=(R'—R)

R+ =R'4R/. (12)

Gl

e 9
In the comparison of two large con-

densers by the modified substitution
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method, the two arrangements shown
in Figure 7 must have identical im-
pedances.
C‘+ Cl = Cg’ + Cg
RwC2+RwC? _
e e
Ry REGC! + R Gy

o C/ 1 G (14)

From the law of the air condenser

(Equation £)
R G =TG4
Cz — Cl + (Ca— Cal)

Rz—R——i-(R R) ————. (1%)

MISCELLANY

73)/ THE

IN spite of our promise to include in
this issue a description of General
Radio quartz plates, we are deferring
it until the February issue so that we
may publish in full Mr. Field’s dis-
cussion of capacitance and condenser
loss measurements. We feel that the
subject is of general enough interest
to justify this change in our plans.

* % % %

The Tyre 216 Capacity Bridge de-
scribed by Mr. Field in this issue is
now being manufactured with the
ground connection made to the junc-
tion of the shielded sides of the two
condensers. Those who have bridges
in which the connection is made to the

EpiTor

junction of the ratio arms may make
the change themselves or have it done
by the General Radio Company for
$5.00.

* ¥ k% X

The price of the Type 481 Polar
Relay described in the Experimenter
for February, 1929 has been reduced
from §30.00 to $25.00. The code word
is NOMAD.

CONTRIBUTORS

A brief biographical sketch of Ros-
ert F. FieLp, the author of “An
Equal-Arm Capacitance Bridge,” ap-
peared in the Miscellany column of the
Experimenter for last October.

The General Radio Experimenter is published
monthly to furnish useful information about the
radio and electrical laboratory apparatus manu-
factured by the General Radio Company. It is
sent without charge to interested persons. Re-
quests should be addressed to the

GENERAL RADIO COMPANY
CAMBRIDGE A, MASSACHUSETTS

RUMFORD PRESS
CONCORD, N.H.
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PIEZO-ELECTRIC QUARTZ PLATES

By CHARLES

NTIL the terminology for de-
scribing  piezo-electric quartz

plates becomes standardized, it

W is practically necessary that every

B10'DIMYAD JO £593am0) A[1d

paper on the subject be preceded by a
glossary. Different investigators use
different terms, and it is sometimes
difficult to keep them straight even
when one is working with them every
day. The article that follows was
originally intended to serve as an in-
troduction to a catalog description of
the mounted quartz plates sold by the
General Radio Company, but it is
hoped that enough information has
been included to make it useful for
reference when comparing nomencla-
tures.

The crystalline quartz which is used
in piezo-electric oscillators is found in
various parts of the world, the greater
portion of it coming from Brazil. It is
one of some seven crystalline forms of
silica, but it is the only one that
possesses marked piezo-electric proper-
ties. While other varieties exhibit
them, the kind ordinarily used (“low”
quartz) is the best. It has a structure
similar to that shown in Figure 1, al-
though in the natural state its shape
may be imperfect, some pieces having
no flat surfaces at all. For explanatory
purposes, we assume that the crystal

E. WoRTHEN

has a regular hexagonal cross section,
but the shape has no definite bearing on
its piezo-electric properties.

Regardless of its geometrical shape, a
quartz crystal has four axes of symme-
try, which means that if the crystal is
rotated about any one of these axes,
two or more positions are found where
the same properties recur. The first,
called the optic axis, extends through
the crystal in the direction indicated in
Figure 1 by the line ZZ. The other
three are separated by an angle of 120°
and lie in a plane perpendicular to the
optic axis. These are known as electric
axes because along the direction in
which they lie the maximum piezo-
electric effect is observed. If the section
of the crystal perpendicular to the optic
axis were perfect in cross section, the
electric axes would be lines joining di-
ametrically opposite vertices. The elec-
tric axes are indicated in Figure 1 by
the lines XX, X’ X’, and X"’ X". In ad-
dition to these it is also useful to con-
sider another set of axes designated by
Y7, Y'Y, and 7"Y". These lie in the
same plane with and make angles
of 30° with the electric axes. They
are therefore perpendicular to opposite
faces of the crystal. Mr. F. R. Lack
of the Bell Telephone Laboratories,
Inc., has used the name ‘“mechanical

L]
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Figure 1. This drawing shows how X-cut and

Y-cut quartz plates are oriented with respect to

the electric (X), the mechanical (2°), and optic

(Z) axes of the quartz crystal. The top section

represents a Y-cut plate; the center section, an

X-cut plate. The 2772 axis would coincide with
the ZZ axis and is not shown

Tue GENErRAL RaDpI0 EXPERIMENTER

axes” to describe them and although
they have had no universally accepted
name, this one seems to be as good as
any.
If mechanical stresses are applied in
any direction through the wuncut
crystal, electric charges are set up on
certain faces; and, conversely, if the
crystal is placed in an electric field, di-
mensional changes along certain axes
may be observed. This is known as the
piezo-electric effect. Since it i1s a maxi-
mum in directions at right angles to the
optic axis, quartz plates for commercial
use are cut from sections at right angles
to this axis. From these sections the
plates are cut with either one of two
orientations with respect to the electric
and mechanical axes. These “cuts” and
the sections from which they may be
taken are represented in Figure 1, but a
better idea of the angular positions in-
volved can be gained from Figure 2.

The center section shows a “zero-
angle cut” so called because its normal
makes a zero angle with an electric (X)
axis. It is also called “X-cut” because a
normal to the face of the plate is paral-
lel with one of the X-axes, or “face-
perpendicular cut” because the face
of the plate is perpendicular to an X-
axis. This is also called “Curie cut”
after the investigators who first used it
in studying the piezo-electric effect.
The top section shows a “3o-degree
cut,” so called because its normal
makes an angle of 30° with an electric
axis. It is also called “Y-cut” because a
normal to the face of the plate is paral-
lel with a 2%axis, or a “‘face-parallel
cut” because the face is parallel with an
electric axis.

The diagrams of Figure 1 and Figure
2 should not, of course, be interpreted to
mean that the plates must be cut to
pass through the center of a section.
Any portion of the crystal may be used
so long as the proper orientation with
respect to the electric and mechanical
axes Is maintained.
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TABLE 1

COMMON NAMES DESCRIBING THE TWO USUAL CUTS FOR
PIEZO-ELECTRIC QUARTZ PLATES

X-Cur
Because normal to
face of plate is 07

Zero-AncLe Cut

Because normal to
face of plate

0

”

Face-PerpPEN-
picurLar Cur

Because face of

)
S

Curig Cur
Because the Curies
used crystals cut
with this orien-

SHowN
Center section of

arallel with an makes angle of plate is perpen- tation when they Figure 1 and
Slectric (X) axis o° with an elec- dicular to an discovered the Figure 2b
tric (X) axis electric (X) axis piezo-electric
effect
Y-Cur 30-Decree Cut Face-PARALLEL
i Because normal to Cur SHOWN
Because normal to f £ ol B £ f T : f
fice of plste wor 1ece of P ate ;. Because face o op section o
makes an angle plate is parallel Figure 1 and

llel with ;
‘;?:‘i: s of 30° with an to an

electric (X) axis

(X) axis

electric Figure 2a

Either X-cut or Y-cut plates perform
satisfactorily in piezo-electric oscilla-
tors, although different characteristics
for the two may be expected. For ex-
ample, a plate suitable for stabilizing a
vacuum-tube oscillator at a given fre-
quency will require an X-cut plate
about 7%, or 8%, thicker than a corre-
sponding Y-cut plate. The different
temperature-frequency coefficients of
the two kinds of plates are referred to
in a subsequent paragraph.

When attempting to memorize the
location of the X- and 2-axes and the
distinction between X-cut and Y-cut

plates, the following may be helpful:
(@) Remember that one set of axes
joins opposite corners; the other set
joins opposite sides of the crystal. (4)
Associate the words electric and X with
the corner-joining positions of the
X-electric-diagonal axes. (¢) Remember
that the faces of the respective plates
appear at first glance to be named in-
correctly, i.e. the face of an X-cut plate
lies parallel to a 2-axis and the face of
a Y-cut plate lies parallel to an X-axis.

There is a definite relation between
the direction of the electric and the
mechanical stresses for the piezo-

Xi

v
@

(b)

Frcure 2. Cross sections of the quartz crystal represented in FIGure 1 taken in planes perpen-
dicular to the optic axis: (a) A Y-cut plate, (b) An X-cut plate
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FiGure 3

electric effect which holds no matter
whether the plate is X-cut or Y-cut.
If we refer to Figure 3, in which, to
avoid confusion, only one pair of axes
is shown, the following explanation
is made clearer. If compression is
applied along the 2-axis, opposite
charges are developed on the two
largest faces of the plate (in Figure 3,
those parallel to the 2-axis). For
tension, the signs of the charges are
reversed. If the mechanical stresses are
applied along the X-axis, tension gives
charges on the same two faces of the
same polarity as compression along
the 2-axis, and compression produces
the same polarity of charge as tension
along the 7-axis.

Conversely, if a potential difference
is applied to the faces of the plate with
the same polarity as that produced by
tension along the X-axis, the plate

“tends to expand along the X-axis and

to contract along the 2-axis. If the po-
larity of the applied voltage is reversed,
contraction takes place along the X-
axis, and expansion along the 2-axis.
The plate shown in Figure 3 is an
X-cut plate. For the 2-cut the position
of the plate with respect to the crystal
axes is shifted 30°, but forces and
potentials applied on the faces still
have components along the axes, and
the piezo-electric effect is similar in the

Tue GeENERAL Rapio EXPERIMENTER

two types of cut. Theoretically, there
should be no piezo-electric effect along
the Z-axis, but (due perhaps to imper-
fections in crystal structure) an electric
field applied along this axis can
often be made to produce changes in
dimensions.

If a quartz plate is placed in an alter-
nating electric field, the change in di-
mensions takes place at the frequency
of the impressed field. The plate has a
definite resonant frequency of mechan-
ical vibration, depending on its dimen-
sions, mass, elasticity, etc., and, if the
applied voltage is of this frequency,
amplitudes of vibration are obtained
several times greater than at frequen-
cies far from resonance. Since the
phenomenon of resonance is the same
in both mechanical or electrical sys-
tems, the piezo-electric nature of the
quartz crystal furnishes a means of
relating the two.

When used as the frequency-deter-
mining element in a vacuum-tube os-
cillator, the quartz plate appears to the
rest of the oscillator circuit as a very
sharply tuned resonant electrical net-
work having values of resistance, capac-
ity, and inductance which depend on
the mechanical coefficients of the plate.
As an example of the magnitudes in-
volved, a given crystal* with a reso-
nant frequency near 1100 kilocycles
was found to have an inductance of 330
millihenrys, a resistance of §500 ohms,
and an apparent capacitance of 0.065
micromicrofarads. Although this value
of resistance seems at first glance to be
large, it will be noted that the ratio of
reactance to resistance (%), which
determines the sharpness of tuning, is
high. The facts that this is very much
higher than can be obtained with a
tuned circuit consisting of coils and con-
densers and that the crystal coefficients
are much more permanent than those
of the ordinary electrical tuned circuit,

*Van Dyke, “The Piezo-Electric Resonator,”
Proceedings of the I. R. E., June, 1928.
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make the crystal an excellent device
for stabilizing the frequency of a vacu-
um-tube oscillator. When used for this
purpose, it takes the place of an elec-
trical tuned circuit in determining the
frequency of the oscillator.

I't should be noted that the frequency
of a vacuum-tube oscillator is not
solely determined by the resonant fre-
quency of the LC circuit, of the crystal,
or of any other so- called frequency-
determining element, because the os-
cillator operates at the frequency for
which the total circuit reactance is zero.
Since the tube itself has definite input
and output impedances, these are a
part of the circuit impedance and influ-
ence the frequency. In a piezo-electric
oscillator, the capacitance due to the
exciting electrodes and to the quartz

Wand air dielectrics also modifies the
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perating frequency.

Figure 3 shows a piezo-electric os-
cillator circuit* in which the quartz
plate is connected between the grid and
filament and a parallel circuit of in-
ductance and capacitance is connected
in the plate circuit of the tube. The
latter operates merely as an inductance
for adjusting the plate load to the
proper operating value. Since the quartz
plate is shunted by the capacitance in-
troduced by its holder and by the ap-
parent input capacitance of the tube,
it has an inductive reactance at the
frequency assumed by the oscillator in
order that the total circuit reactance be
zero. The crystal has a resonance curve
(reactance against frequency) sharper
than an electrical tuned circuit, and a
relatively small change in frequency is
necessary to make the inductive react-
ance of the crystal sufficient to cancel
the capacitance shunted across it.

The amount of this shunt capaci-
tance and therefore the frequency of the
oscillator are subject to variation: ()

*This is the same circuit that is used in the
General Radio TypEs 275 and 375 Piezo-Electric
Oscillators.
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Ficure 4. Wiring diagram for a typical piezo-
electric oscillator

Due to the holder capacitance, by
changing the electrode spacing; (4) Due
to the tube input capacitance, by
changing the plate voltage or the tun-
ing of the parallel circuit. Some idea of
the order of magnitude of these changes
may be obtained from the results of
measurements made upon an oscillator
like that used in Figure 3. Using a low-
powered vacuum tube operated at a
moderate plate voltage it was found
that tuning the plate circuit caused a
frequency change of from 50 to 100
parts in a million and that changing
the electrode spacing (air gap) caused
changes of the order of 1000 parts in a
million. Changes caused by varying the
plate and filament voltages were neg-
ligible.

Another very important factor which
influences the operating frequency of a
piezo-electric oscillator is the fact that
the resonant frequency of the plate
changes with temperature by anamount
which is somewhat different for the X-
and the Y-cut plates. In an X-cut
plate, the temperature coefficient is
negative (i.e. the frequency de-
creases for increasing temperature) and
amounts to between 10 and 25 parts in
a million per degree Centigrade. The
temperature coefficient of a Y-cut
plate is positive and may be between
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25 and 100 parts in a million per degree
Centigrade.

A consideration of all these possible
variables makes it evident that, for
high-precision standards of frequency,
at least, the resonant frequency of the
quartz plate is not the sole frequency-
determining element in a piezo-electric
oscillator. For work of this kind the
plate, its holder, and the oscillator cir-
cuit must be considered as a single unit
and the operating conditions for all of
them carefully specified. Certain vari-
ables in operating conditions influ-
ence the frequency more than others,
and, although it is often possible to ig-
nore some of them, it must be remem-
bered that this can be done only at a
sacrifice in the precision with which the
desired frequency is maintained. For
example, some of the quartz plates
manufactured by the General Radio
Company are sold in their holders for
use in any oscillator that the customer
may select. He cannot, however, expect
to obtain from them an accuracy in a
specified frequency of more than o.1
per cent.

It is the influence of factors outside
the quartz plate itself which makes the
problem of frequency control in power
oscillators so difficult. Not only 1s the
controlling plate subject to the usual
variables that we have mentioned, but
in addition its temperature is liable to
change due to the internal heating
caused by the passage of heavy cur-
rents in the crystal circuit. It is evident
therefore that the production and cali-
bration of power crystals are parts of
the manufacturing of the power os-
cillator. This is the reason why the
General Radio Company does not in-
terest itself in the manufacture of
power crystals, but confines its activi-
ties to the production of quartz plates
for use in low-power frequency stand-
ards. It also explains why a power
limit is imposed upon all General Radio
quartz plates.

An interesting set of difficulties ap-
pears when the quartz plate is being
given its final adjustment and test
before being put into use. Some plates
are found which exhibit the phenome-
non known as “twinning,” that is, a
reversal in the piezo-electric effect in
certain portions. This effect may be
great enough to render the plate use-
less. Other plates control the vacuum-
tube oscillator at more than one fre-
quency. Here the operating frequency
shifts or “jumps” as a result of making
small changes in circuit constants or in
the operating temperature. It is some-
times possible to correct this condition,
but, if not, the plate must be discarded
and another one prepared.

II

The General Radio Company can
supply, for use as frequency standards,
quartz plates and bars for any reason-
able frequency and degree of precision.
All must, of course, be made to order,
but by establishing two definite group-
ings to meet most needs, it has been
possible so to standardize the routine of
specifications, manufacture of plates
and holders, and calibration that the
prices are considerably less than if each
plate had to be processed as a separate
unit. The type numbers 376 and 276-A
have been assigned to these two stand-
ardized groupings, both of which are
described in subsequent paragraphs.

General descriptions of plates and
bars not in these two groups cannot be
given inasmuch as questions of oscilla-
tor design, temperature control, and
holder construction are usually in-
volved.

Type 276-A Quartz Plates are sup-
plied to have a frequency somewhere in
the 160-meter amateur band. They are
unmounted and their frequency can be
relied upon to within o.25 per cent. of
the specified value. Plates for the 8o-
meter amateur band have been dis-
continued.
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Ficure §. Plate holder for General Radio Type 376 Quartz Plates. The quartz plate rests on the
lower electrode and is held in place by the fibre retaining ring

Type 376 Quartz Plates are cali-
brated and sold in the plug-in holder
shown in Figure 5. This consists of a
metal base plate mounted on bakelite
over which is placed a metal cap carry-
ing the upper electrode. The crystal
rests loosely in a fibre ring and the
frequency 1s adjustable over narrow
limits by changing the air gap with the
screw carrying the upper electrode.
After the crystal has been adjusted to
the correct frequency, the air gap ad-
justment is sealed. The frequency is
again measured with the greatest possi-
ble accuracy in terms of the General
Radio Company’s highly precise stand-
ard-frequency assembly. The result of
this measurement, expressed with the
proper number of significant figures,
becomes the certified frequency.

A certificate of accuracy is furnished
which states the frequency of the plate,
the conditions under which the calibra-
tion was made, and the range of
operating conditions over which the
guarantee of accuracy is valid. The
certified frequency and the percentage
accuracy is marked upon the plate
holder.

A reclassification of General Radio
crystals has recently been made and the
classification and prices set forth in

Catalog E, Second Edition, are dis-
continued.

FrEQUENCY RANGES

The following frequency ranges will
be recognized:

700200 Kilocycles: Plates in this
range vibrate along the longest dimen-
sion and are Y-cut.

200400 Kilocycles: Plates that will
operate satisfactorily in this range
cannot be mounted in the Type 376
Plate Holder because of their size and
inasmuch as frequencies in this range
can be obtained as harmonics from
plates in the 100- to 200-kilocycle
range, TypE 376 Quartz Plates will not
be supplied in this range. If necessary,
plates for this range can be supplied in
special mountings.

400-1800 Kilocycles: These plates
vibrate along the thickness dimension
and are Y-cut.

Accuracy CLASSIFICATION

TypE 376-B Quartz Plates are ad-
justed to within 25 per cent. of any
specified frequency within the above
ranges, and their frequency can be
relied upon to within o.1 per cent. This
accuracy is guaranteed if the plate is
operated at low powers and within the
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temperature range between 18 and 32
degrees C.

Type 376-C Quartz Plates are ad-
justed to within § per cent. of any
specified frequency in the above ranges.
The statement of accuracy is the same
as for Type 376-B Quartz Plates.

Type 376-D Quartz Plates are ad-
justed to within 0.1 per cent. of any
specified frequency within the above
ranges. The statementof accuracy is the
same as for TypPe 376-B Quartz Plates.

Type 376-F Quartz Plates are ad-
justed to within 0.03 per cent. of any
specified frequency and are calibrated
only in a General Radio piezo-electric
oscillator or with an oscillator which
meets with our approval. The fre-
quency of the oscillator and plate will
be within 0.03 per cent. of the nominal
frequency of the plate when the tem-
perature i1s kept between 20 and 24

the band (1500 kilocycles); at lower
frequencies the deviation is correspond-
ingly less.

Typre 376-H Quartz Plates are sup-
plied and calibrated to within o.o1 per
cent. of any specified frequency in the
above ranges. These plates must be
calibrated in approved oscillators and
the temperature must not deviate from
a given value (near 5o degrees C.) by
more than o.25 degree C. Ordinarily it
will be necessary for the customer to
supply for calibration the temperature-
control box he proposes to use, but
before shipping an oscillator it would be
well to get definite instructions on this
point. When the temperature-control
box is one built by the General Radio
Company, it will not need to be
returned.

Prices axp Cope Worbps

degrees C. (68 to 75 degrees F.). This Type Code Price
class corresponds rather closely to the 276-A LABOR $15.00
old Class E which was maintained to 376-B LAGER 40.00
meet the requirements of American 376-C LAPEL 45.00
broadcasting stations. The Class F 376-D LARVA 60.00
limit is equivalent to an allowable devi- 376-F LEPER 70.00
ation of 500 cycles at the upper limit of 376-H LEVEL 85.00
MISCELLANY

By Tue EprTtor

NEW  booklet giving complete
A operating instructions for the

TyPE 443 Mutual-Conductance
Meter is now available and will be
sent without charge to owners
of the instrument who request it.
Address the Service Department of
the General Radio Company, being
sure to mention the serial number of

the instrument with which it is to
be used.

CONTRIBUTORS

CuarLes E. WortHEN, S.B., Massa-
chusetts Institute of Technology, 1928.
1928 to date, Engineering Department,
General Radio Company.

The General Radio Experimenter is published
monthly to furnish useful information about the
radio and electrical laboratory apparatus manu-
factured by the General Radio Company. It is
sent without charge to interested persons. Re-
quests should be addressed to the

GENERAL RADIO COMPANY
CAMBRIDGE A, MASSACHUSETTS

RUMFORD PRESS
CONCORD, N.H.
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THE STANDARDSIGNAL METHOD OF MEASUR.-
ING RECEIVER CHARACTERISTICS

'Il’_'r Cuarces T. Burkes

HE “standard signal™ method

of rating radio receivers has met

with general aceeptance since its
proposal several years ago. This method
of receiver evaluntion requires an ac
curately known voltage of known de-
gree ol modulation adjustable over a
wide range, including values of very
small magnitude, The input to the
receiver is adjusted until a standard
output power 1s obtained and the in[mt

voltage 15 taken as a measure of the
receiver sensitivity.”

The functional diagram of Figure 2
lustrates the arrangement and use of
the equipment required by these tests.
The output af the modulated radio-
frequency oscillator is passed into an
ittenuntor L'un!iihﬁllg of a resistance

L. M. Hull, Preogeedings of tbe Radis (led of
Amierica, October, 1928; [ K. Yearbook, 1920,
PP Tob-118,

T'vre 493-C Srandard-Signal Generator, front of pancl view
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Fiause 2. Outline showing component parss of the standard-signal generator and avsiliney. equip-
meit required for making sensitivity, selectivity, and fideliey eharacteristics on rdio receivers

network so designed that its attenua-
tion over the operating frequency range
can be calculated from its constants.
The attenuator is coupled to the re-
cetver through a dummy antenna of
prescribed constants. The power out-
put of the receiver is measured by any
one of several mﬁsfa:tury methods.

The method of measurement out-
lined above forms the foundation for a
complete test of receiver performance.
In establishing the rating of a receiver,
a series of sensirivity measurements at
frequencies including the entire op-
erating band would be taken. Selectiv-
Ity curves, L., curves of sensitivity for
signals differing in frequency by in-
creasing amounts from that to which
the receiver is tuned, at a number of
frequencies throughout the band can
be plotted from data obtained in the
same manner, The cutput of the radio-
frequency oscillator is adjusted as the
oscillator frequency is changed in small
steps, <o that the receiver output is
kept constant. The frequency to which
the receiver is tuned, the frequency of
the oscillator, and the voltage input to
the receiver are recorded. From these
dara, a selectivity curve may be plotted
showing the strength of interfering sig-
nal required to give the standard out-
put as the separation between the re-
ceived and interference signals is
increased.

The same principle of measurement
and type of equipment can be used in
inr:slig:tin;:ll‘:c operation of portions
of the receiver circuit. Thus a single
radio-frequency stage or the entire
radio-frequency amplifier could be

measured, or detector characteristics
could be investigated.

The principal component of the
eijuipment required for these tests is a
modulated radio-frequency  oscillator
provided with means for adjustment of
its output voltage to known values over
a wide range, The essential require-
ment of a generator for this purpose
i5 that 1t produce an accurately
known voltage between its output ter-
minals and nowhere else. It is readily
realized that if the receiver picks up
energy from the generator in addition
to that measured at its input terminals,
the test will be of no value. The firse
two requirements of the generator are,
therefore, adequate shielding and a
means of adjusting and accurately
determining its output voltage over a
wide range including very small mag-
nitudes. The problem of shielding,
while quite troublesome, involves only
the application of known principles.

It 1s necessary to obtain output vol-
tages of a few microvolts. Since there
is no known method of measuring such
voltages directly, it is necessary to
attenuate a measurable voltage by
means of a calculable network in order
to obtain voltages of this magnitude.
The design of an attenuator which is
accurate at broadeast frequencies is a
problem of considerable difficulty. The
voltages involved at the lower ends of
the attenuator are so small that minute

ickups and nd currents will
;ﬂﬂl;fsnﬁ‘:u tmtput voltage. The
design of such an attennator involves
not only the design and lavout of units
which will have negligible reactance in
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themselves, and between units in the
attenuator. '.1.55::]11[:];.‘, but also the loca-
tion of grounds and return conductors.

The General Radio Company in
cooperation with the Radio Frequency
Lahoratories, Inc., brought out its
original Standard-Signal Generataor, the
T¥pPE 403, in June of 1928, This in-
strument provided a modulated output
in the broadcast range adjustable
bestween 2 and 200000 microvolts.
Complete shielding of the generator
permitted its use with unshielded re-
ceivers®

While the Tyre 403 Standard-Signal
Generator proved entirely satisfactory
for the uses for which it was designed,
development work  directed particu-
larly at the elimination of its three
principal limitations was continued.
lirst, and probably most important, it
was not readily adaptable for use at
frequencies outside the broadease band.
Second, the radio-frequency oseillator
was required to deliver so much power
that external batteries were necessary,
which seriously impaired the usefulness
e Rutil‘:g of Bndio Receivers,” General Radia
Fxperimenter, November, 1928,

Marcs, 1970 3

of the instrument for such purposes as
ficld-strength measurements where port-
ability is an important consideration,
Third, the elaborate shielding made the
process of changing rubes or making
other adjustments inside the generator
excessively involved,

As a result of this program, the new
Tvee 363-B Standard-Signal Generdtor
was placed in production last summer.
The most radical design change was the
lowering of the power in the oscillating
circuits, The older model used 112-type
tubes with 135 volts on the plate, and
its radio-frequency oscillator delivered
ico milliamperes to the attenuator
system. In the Tyre 403-B Standard-
Signal Generator 12-type tubes were
used with a plate-battery voltage of
only 45 volts; the input to its atrenua-
tor was only 3 millmmperes. This re-
duction in level of the power input to
the arrenuaror accomplished two of the
objects of the redesign. Since the
amount of shielding largely depends
upon the power level in the oscillator
circuit, the change permitted a very
extensive simplification of the shielding
system. The smaller batteries could be

I
I

]
¥

Ty B+afv

Friure 3. Functional schematic of Tvee 3o3-C Smndard:Signal Generator
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placed nside of the instrument without
increasing the cabinet size. The os-
cillating circuit was also redesigned to
permit the use of plug-in coils, thus ex-
tending the frequency range of the
instrument.

Development work on the generatar,
particularly on attenuator systems, was
actively continued, even after manu-
facture of the new instrument was
started. The of attenuator
design 1s iar in that it is more
difficult to check the performance of
attenuators at low output levels than
to design them. The attenuator system
had a total voltage attenuation ratio
of 20,000 to 1 with minimum outputs
of a few microvolts at radio frequencies.
There is no known method of measur-
ing a microvolt of alternating current
directly. All methods of measurement
of voltages of such magnitude are
comparison methods and involve at
least as great a possibility of error as
does the attenuator system being
checked. Four methods of comparison
are available, Two attenuators of dif-
ferent construction but identical ratios
may be connected in cascade. As the
attenuation of one is increased and that
of the other is decreased by the same
amount, the output should remain
constant. The vahdity of this method
rests on the reasonable belief that two
attenuation systems of different con-
struction would not have compensating
errors at all attenuations and at differ-
ent frequencies. It is subject to the
disadvantage that there is no direct
indication as to which attenuator is
responsible for any error that may
a -
Another method varies the current
input to the attenuator as the attenua-
tion is changed. This method is neces-
sarily confined to a limited range of
attenuation steps, since the current
input to the attenuator must be kept
within the operating range.

A third method of attenuator cali-

bration is to cbserve the output of a
radio receiver as the input is increased.
This involves a knowledge of the de-
tector characteristic of the receiver
amounting to a calibration of the re-
ceiver. The difficulty of such calibra-
tion without a source of known input
voltage 1s obvious,

A fourth method is to heterodyne
the output of the attenuator under
test, and amplify it at a lower fre-
quency. An attenuator, calibrated at
the lower frequency included in the low-
frequency amplifier, is used to check
the high-frequency attenuator.

All four methods depend upon an
unknown receiver characteristic rto
determine the amount of difference in
the two voltages compared. If there is
no difference, however, the receiver
charactenistic does not enter the meas-
urement except when the third method
is used.

It is the opinion of those most famil-
iar with the problem thar ic is impossi-
ble to obtan a voltage attenuation
ratio of 2 to 1 at 1000 kilocycles with a
smaller probable error than 1 per cent.
The range of the attenuator used in
the standard-signal generator includes
fourteen 2 to 1 ratios. The probable
error of such a system may, therefore,
be about 15 per cent. Itshould be noted
that this is a limitation of the method
of checking the attenuator, not neces-
sarily of the attenuator itself.

With improved methods of checking
the attenuators, several sources of error
were discovered, necessitating changes
in the attenuaror system. Coupling to
the artenuaror leads was found o exist,
as well as coupling between input and
output sections of the attenuator, which
had a total voltage attenuation ratio of
20,000 to 1 in asingle shielded compare-
ment, It was also found that heavy
currents flowing in the shielding about
the attenuator set up fields which
coupled into it

Several measures were adopted to
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overcome these difficulties. The use of
a type of concentric conductor in which
the low potential side of the circuit
forms a shield for the high potential
side eliminated the trouble due to
voltages induced in the wiring. Capac-
ity coupling between the two ends of
the attenuator was eliminated by divid-
ing it into two sections and shielding
them from cach other. The entire as-
sembly was then placed in a separate
shiddded compartment electrically iso-
lated from the main shielding except
for a connection at one point

TYPICAL
SNUTRATY ﬂ.-ﬂ‘bi'j

=

Maren, 1930 g

With the new attenuator, which is a
conventional L-network, 4 maximum
total probable error in the attenuator
system of less than 15 per cent. is in-
dicated. In other words, the error in the
smallest output voltage due to the
attenuator is less than 15 per cent. if
all of the individual errors between
steps were cumulative. The possible
cumulasive error, of course, decreases
as more sections of the attenuaror are
removed from the circuit to obtain the
higher voltages.

The Tyee 303-C Standard-Signal

TYPICAL
SOUECTIVITY CURVES
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Generator, as the latest design of the
new instrument has been designated,
consists essentinlly of a modulated
radio-frequency oscillator. The tuning
range covered by five coils extends from
15 10 1500 kilocycles. In addition to
the main tuning condenser, a secondary
frequency control is provided for use in
taking sclectivity curves, where a small
change in frequency is desired. This
control consists of a sector
which moves in the field of the tuning
coil and changes its inductance.

Since the frequency change due to
this adjustment results from a change
in inductance, the percentage change in
frequency for a given setting is not
directly affected by the setting of the
main tuning control, which changes
the capacity in the circuit. Modulation
15 provided for with a joocycle vacu-
um-tube oscillator included in the
generator, Terminals for external mod-
ulation with input leads properly fil-
tered to  eliminate radio-frequency
leakage are also provided. The external
oscillator should be capable of main-
taining about 1§ volts acress 2500
ohms in order to produce jo per cent.
maodulation.

The input current to the attenuator
is read on a thermocouple meter
calibrated in microvolts, and the
attenuator is calibrated as a multiplier.
The attenuator has a non-reactive
output impedance of approximarely
10 ohms at all steps except the two
corresponding to greatest output valt-

The entire assembly is enclosed ina
shielded cabinet. Filter circuits are in-
cluded in the leads 1o the meters, mak-
ing screening in front of the meters un-
necessary. | he instrument can be used
with unshiclded receivers without any
pickup from the generator. The most
sensitive receivers available have failed
to detect any signal voltage when con-
nected to the generator with the gen-
erator output switch set at zero.

A standard dummy antenna made in
accordance with the specifications of
the Institute of Radio Engineers is
available. Its constants are:

Inductance. .. 20 microhenrys
Capacitance . 200 micromicrofarads
Resistance ... 25 ohms

The effective height is taken as four
meters.

The Tyee 403-C Standard-Signal
Generator requires two 12-type vacu-
um tubes for operation. Space is pro-
vided in the cabinet for the necessary
barteries; i.e., 1.5 volts for the filament,
and 435 volts and 67.5 volts for the
plates of the radio- and modulatmg-
ascillator tubes, respectively.

The Tyre 403-C Standard-Signal
Generator the features re-
quired for the measurement of receiver
characteristics with facility. The volt-
age of the output system is continu-
ously variable over a wide range. Leak-
ageis reduced to aminimum, permicting
the measurement of very sensitive re-
ceivers, Selectivity curves may be
rapidly run by use of the fine adjust-
ment on the frequency control, The use
of external modulanion makes over-all
characteristics readily obtainable. .

The curves of Figures 4, 5, and 6
are illustrative of the type of receiver
data that is obtainable with the signal
generator. The effect of side band cut-
ting is noticeable on the audio-fre-
quency charcteristic of Figure 6.

While the standard-signal generator
is used extensively in receiver testing,
both in the laboratory and the produc-
vion ling, its uses are not limited to re-
ceiver performance tests. Another wide
range of uscfulness of an instrumnet of
this sort, producing a known voltage of
small magnitude, is in the measurement
of the radiofiedd intensity (field
strength) of transmitters. The porta-
bility of the instrument, with all bat-
teries conmained in the cabinet, 5 of
particular advantage in this connection.



STRAIGHT-LINE WAVELENGTH, STRAIGHT-LINE
FREQUENCY, AND STRAIGHT-LINE CAPACI-
TANCE CONDENSERS

By Joux D.

OR r*cpcrim-:nt:ll work in the
Fla]mmmr)' when an exact capaci-

tance calibration is not required,
high-grade wvanable air condenscrs
built for sale to the radio broadeast
and radio amateur experimental fields
iy often be used. This saves wear
and tear an the calibrated instruments
and materially reduces the investment

CRAWFORD

in equipment. Most of the experimental
condensers now on the market have
been desgned for use as tuning
controls in oscillatory circuits where
it is desirable that the angle of rotation
be proportional either to wavelength
or frequency. Since condensers with
straight-line wavelength and straight-
line frequency plates do not have their
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Fraunk 1, Copucirance calibrations for three typical General Radio condensers: (a) Steaight-line
capacitunce, Tvir 247Gy (b) Straight-line wavelength, Tvre 247-F; () Straight-line frequency,
Tyre 174-F
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capacitances proportional to setting,
one often wants to know how much
the capacitance varies from the straight-
line law,

It 15 abvious, of course, that the
total capacitance in & circuit is directly
proportional to the square of the wave-
length and inversely proportional to
the square of the frequency. A con-
denser to follow either a straight-line
wavelength or a straight-line frequency

law must have the slope of its capac-
itance calibration curve smaller during
the first part and larger for the second
part of the scale than for a condenser
following the straight-line capacitance
law. The curves of Figure 1 show better
than words this difference. They are
actual calibravons for three General
Radio condensers, each of which has a
nominal maximum capacitance of j00
micromicrofarads.

MISCELLANY

By THE EpiTok

HE Tyre 403-C Standard-Signal
Generator described by My,
Burke in this issue of the Experi-
menter 18 supplied with one Tyre
403-02 Inductor for covering the
frequency band between soo and (500
kilocyeles and with a Tyee 418
Dummy Antenna. The cabinet size 1s
2714 inches by 13 inches by 1ol4
inches, the weight 15 41 pounds, and the
Code Ward s scary, The price of
#6oo.o includes no tubes.
Plug-in coils are available for extend-
ing the operating range to other
frequencies as follows:

Type Freguency Range Price
qa3-P2 goo—1500 ke $12.00
4o3-P3 1h5— 500 ke, 12,00
4567-P4 fe— 175 ke. 22 0o
4o5-Ps 4= | lhtke 892,60
403-P6 15— ke 22 .00

Frequency calibrations far these are
supplied only when ordered at an extra
charge of $8.00 per inductor. The type

rtuml_:n::r:s for the calibrated coils are
403-002, 403-0Q3, 403-04, 403-05, and

403-06. The generator with which
calibration coil will be used must be
submitted with the order so that we
can make calibrated and check the
p&rfﬁrmance of the instrument.

The Tyre 403-€ Htanrlarrf-SEgn:ll
Generator can be shipped from stock.
Calibrated inductors for other fre-
fquency ranges will require another ten
days.

CONTRIBUTORS

The contributors to this ssue of the
Experimenter are both members of
the General Radio Company's Engi-
neering Department:

Crances T, Burke, 5.B., Massa-
chusetts Institute of Technology, 1923,
S.M., 1924, + Engineering Depart-
ment, General Radio Company, 1924
to date.

Joux D. Crawrorn, « Editor, Gen-
eral Radio Experimenter.

The General Radio Experimenter 15 published
maonthly to furnish useful information about the
radio and electrical laboratory apparatus manu-
factured by the General Radio Company. It is
sent without charge to interested persons. Re-
quests should be addressed to the

GENERAL RADIO COMPANY
CAMBRIDGE A, MASSACHUSETTS

RUMFO RO FRESS
SO AR, b,
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A TUNING-FORK AUDIO OSCILLATOR

By CHARLEs E. WORTHEN*

OR a variety of measurements in
Fthe communication laboratory,

and for bridge measurements in
particular, a fixed frequency oscillator
is an indispensable instrument. Among
the requirements which such an in-
strument should meet are good wave-
form, simplicity of construction, and
low cost.

These requirements may be met by
an oscillator using a tuning fork as
the frequency-controlling element. The
electrical circuit of such an oscillator is
shown in Figure 1. Referring to this
diagram, F is a tuning fork which
serves as a frequency-controlling de-
vice. When this fork is set in motion, it
vibrates at its natural frequency (de-
pending on its dimensions), and causes
the diaphragm of the microphone
button M, which is mechanically
coupled to the fork, to vibrate at the
same frequency. The resistance of the
microphone button varies in accordance
with the motion of its diaphragm, and
causes a corresponding variation in the
current which flows in a circuit consist-
ing of the microphone button A, the
battery B, and the primary of the
output transformer 7). An alternating
voltage of the fork frequency is then
produced at the secondary terminals of
T, and alternating current flows

* Engineering Dept., General Radio Company.

[

around the circuit consisting of the sec-
ondary of 7), the drive coil D, the
condenser (), and the primary of
the output transformer 7,. A portion

HIGH
MEDIUM
ZERO

T ¢

FIGURE 1

of the available energy is fed back
through the drive coil to keep the fork
in motion, and the rest is supplied
to the load at the secondary terminals
of the output transformer 7,. The
condenser C; is used to shift the

]



S10°DIAND JO £593an0D) A1y \

(]

Tue GENERAL Rapio EXPERIMENTER

Ro
R
(@)

Ro

(b)

Ficure 2

phase of the current through the drive
coil to the value necessary to drive the
fork. Since the fork is not permanently
magnetized, a polarizing coil P is neces-
sary to supply a constant magnetic
bias. Without this, the fork would be
driven at twice its natural frequency.

The circuit elements of Figure 1
exclusive of the output transformer can
readily be adjusted for maximum
output. When such a condition is
reached, the output voltage contains a

o

large number of harmonics of con-
siderable magnitude, and to get good
waveform, some method of filtering is
necessary.

This can be accomplished by the ar-
rangement shown at the right of
Figure 1. This is, in effect, a parallel
tuned circuit placed across the output.

If the output transformer (which is
merely a means of matching imped-
ances) is disregarded, the oscillator
circuit may be represented as shown in

EIEIE ceLe
AUDIO OSCILLATOR
TYPE 213

SERAL 4 H
GENERAL RADIO €O.
CAMSHIOBE MASS.

MEDIUM

Ficure 3. Type 213-C Audio Oscillator. Type 213-B Audio Oscillators are the same except that
they have somewhat shallower cabinets
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Figure 2a, where R, is the internal
impedance of the oscillator, Ry is the
load resistance, and R and X are, re-
spectively, the resistance of the tuned
circuit and the reactance of one of its
branches. The resonant impedance of
the tuned circuit is a pure resistance
and is equal to QX where =5
Its impedance at a harmonic frequency
which is # times the fundamental is

271 X. The ratio of the funda-
n—r

mental impedance to the harmonic
i . .
9, which is

a measure of the filtering action of the
tuned circuit. When this ratio is large,
the harmonics are bypassed by the
tuned circuit, and do not reach the
load. This selective action is modified
by the load resistance, and as R be-
comes large compared with 9X, the
ratio of fundamental to harmonic

n—7r
— 8 for

the parallel combination of tuned
circuit and load resistance. This means
that as the load resistance increases,
the waveform improves, which is shown
by the curves of Figure 4.

Since, for proper operation, a low-
impedance tuned circuit is required, the
arrangement shown in Figure 2a would
require a prohibitively large value of
condenser. This difficulty can be over-
come by wusing a high-impedance
circuit and tapping the inductive
branch at a point which gives the de-
sired value of impedance. If X and R
are the reactance and resistance of the
whole coil and X’ (see Figure 2b) is the
reactance of the tapped portion, the
resonant impedance can be shown to be

X’%:X’Q for values of coupling

impedance is then

impedance approaches

approaching unity. The coil acts as
an auto-transformer to step down the
impedance.

In order to save both space and
material, the primary of the output
transformer can be used as the induc-
tive branch of the tuned circuit, as
shown in Figure 1. As transformers are
ordinarily used, where the winding
reactances are large compared to the
impedances between which they work,
the primary cannot be tuned because
the reactance seen on the primary side
is extremely small. This difficulty is
avoided by making the transformer
reactances very small in comparison to
the impedances to which they are con-
nected, so that the load may be varied
over wide limits without an appreciable
change in the apparent primary react-
ance. If unity coupling is assumed and
winding resistances are neglected, the
impedance looking into the primary of
a transformer is the primary reactance
in parallel with the reflected load
impedance. If, then, the reflected load
impedance is large compared with the
primary reactance, the impedance look-
ing into the primary is approximately
equal to its reactance. Under this con-
dition, tuning of the primary will hold
for a wide range of loads.

Output characteristics showing both
power and waveform are given in
Figure 4 for a 4oo-cycle and a 1000-
cycle oscillator. Since @ for the coils
used is lower at 400 than at 1000 cycles,
a slightly better waveform is obtained
for the latter.

For several years the General Radio
Company has been manufacturing a
1000-cycle tuning-fork oscillator, the
Type 213 Audio Oscillator. This has
been redesigned to include the filtering
arrangement we have just discussed.

The new output circuit makes it a
relatively easy matter to build these
oscillators for operation on other fre-
quencies, and, in addition to the 400-
cycle and the 1000-cycle models regu-
larly carried in stock, instruments for
any 100-cycle multiple in the 400-1500-
cycle range can be built to order,
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AUDIO AMPLIFIER FOR THE [LLABORATORY

By ArRTHUR E. THIESSEN ¥

HE Type 645 Laboratory Am-

I plifier illustrated in Figure 1 has

been designed to fill the need for
a two-stage audio amplifier of the
greatest possible flexibility to be used
for general experimenting. Because of
the widely varwng requlrements of
different experimenters and since the
needs of every experimenter change
from day to day, it is almost impos-
sible to design one amplifier to serve
all purposes.

By utilizing the plug-in principle for
the input and interstage coupling units,
the widest variety of circuit require-
ments may be met. The amplifier is
supplied with jack plates, properly
drilled to receive the Typre 274-EP
Transformer Mounting Base to which
any type of coupling unit may be
attached. Or, if it is necessary to use
only a part of the amplifier, any
standard TyPE 274 two-element plug
may be plugged in at the desired point
in the circuit; for example, across the

* Engineer, General Radio Company.

grid of the output tube. The con-
venience of such flexibility is at once ap-
parent to experimenters who have tried
to adapt an amplifier to some purpose
by the use of a soldering iron and clips.

Each amplifier is sold with two of
the standard Type 274-EP Trans-
former Mounting Bases which fit the
jack plates on the amplifier base and
to which any form of transformer or
coupling device may be attached. The
bases are drilled especially to fit the
General Radio TypE 585 Transformers
and the Typre 573-A Resistance-Im-
pedance Coupler.

Figure 2 shows the circuit diagram.
The power transformer, filter, and
grid-bias units are each in separate
containers, all of which are connected
together and grounded. The can covers
for the removable units may also be
grounded by means of the center jacks
on the mounting jack plates. All of the
wiring is done under the base, but is
exposed so that changes can be made
readily if necessary.

5
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The circuit is similar to the usual
two-stage amplifier circuit, except that
the filament center tap rather than the
negative plate-battery terminal is
grounded. This is done so that the
output terminal can be connected
directly back to filament and to
ground at the same time.

The output circuit consists of a 40-
henry inductance and a 4-microfarad
condenser. At 50 cycles, this circuit
has an inductive reactance of over
12,0000hms,and a capacitive reactance
of 800 ohms in series with the output
terminals. These values are large
enough so that, at frequencies above
5o cycles, the practically constant tube
impedance of 2,000 ohms is seen,
looking back from the output. This
impedance may then be matched to
any sort of a load by a suitable im-
pedance-matching transformer or net-
work.

Numerous tests have been con-
ducted on this amplifier, one of which
may be regarded as typical. Figure 3
indicates the frequency-response char-

Tae GeENERAL Rapio EXPERIMENTER

acteristic of the amplifier using two
General Radio Type 585-D Trans-
formers which have a 1:2 voltage
step-up ratio and are designed to work
out of about 10,000 ohms. The curve
was taken with the amplifier working
out of 10,000 ohms and into 5,000
ohms. The curve shows the gain of the
amplifier to be approximately 40
decibels over its flat portion — from
90 to 6,000 cycles — dropping off two
decibels at 40 and 8,000 cycles. The
response is down § decibels at 25 cycles,
and 4 decibels at 10,000 cycles.

The amplifier is designed for opera-
tion on 10§—115 volt 6o-cycle alternat-
ing current. It requires a total of about
35 watts of power.

The residual alternating-current hum
is very low. The hum voltage is 0.35
volt across 5,000 ochms. This is a hum
power of 0.024 milliwatt, 24 decibels
below a zero level of 6 milliwatts.
The output tube is the 245-type which
will deliver about 1,600 milliwatts of
output power without introducing
greater than § per cent. harmonic
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Ficure 2. Wiring diagram for Type 645 Laboratory Amplifier
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Ficure 3. Frequency-response characteristic of Type 645 Laboratory Amplifier

distortion due to overloading. This
corresponds to 89.5 volts across a
5,000-ohm load.

Any circuit containing iron will
introduce a slight harmonic distortion
to a pure sinusoidal voltage wave
applied to it. With a direct-current bias
the second harmonic is usually one of
the worst generated from this cause.
Its magnitude varies with the amount
of power transferred through the
iron circuit. The total second harmonic
distortion present in the TYPE 645
Laboratory Amplifier, caused by the
combination of the non-linearity of
the iron, as well as that of the tubes in
the circuit, has been measured. The
amount can be expressed as a ratio
between the amplitude of the pure sine
wave and the second harmonic appear-
ing at the output terminals of the
amplifier, assuming that a pure sinu-
soidal wave is applied at the input. At
100 milliwatts output, the harmonic
voltage is 35 decibels below the funda-
mental, and at 1,000 milliwatts output,

it is down 26 decibels. This small
distortion is by no means entirely due
to the iron, but the curvature of the
tubes’ characteristics, particularly at
the higher output, is a factor.

An amplifier should never be used
to increase a very small power to a
value that can be read on ordinary
instruments unless all of the constants
of the amplifier are definitely known.

However, when comparing two or
more low power sources the amplifier is
invaluable because its constants enter
into all measurements and cancel in the
final result.

The General Radio Type 645 Labo-
ratory Amplifier is suitable for all kinds
or laboratory experimenting where a
flexible and serviceable amplifier is
needed.

The amplifier is sold without input
or interstage transformers. Any good
coupling unit may be used. We recom-
mend the following, selected from our
standard line.

Type Unit Voltage Ratio Use
585-D Transformer 1:2 plate-to-grid
585-H 5 12355 plate-to-grid
585-G “ 1:3.6 line-to-grid
585-M i T324 single button microphone-to-grid
§85-M2 % Taay double button microphone-to-grid
§73-A Resistance Impedance 1:1 plate-to-grid
Coupler




TYPE 586 POWER LEVEL INDICATORS

For measuring and monitoring power level in

tomtismamere ¥,
e o g all kinds of voice transmission and recording
5 circuits.
Range —10 db to 436 db
Prices
’ & Cabinet Model. . .. ........$60.00
DECIBELS ™ Relay Rack Model.. .. ...... 64.00
REF. LEVEL=0.008 WATTR
S Engineers and Technicians: Catalog Supple-

R ment E-100-X gives a complete description.
Send for your copy today

TYPE 213
AUDIO OSCILLATOR

The old TypE 213 Audio Os-
cillator, long a necessary
element of bridge measure-
ments, has been redesigned,
and a 400-cycle model has

been added. Its advantages
are good waveform, sim-

B10'DAMAD Jo Asarmo) aptg B

plicity of construction, and
low cost.

Type Frequency Operated Depth Weight Code Word Price
*213-B 1000 cps | 6 volts, d.c. 5 ing 5 Ib. ANGEL ‘ $34.00
*213-C 400 cps 6 volts, d.c. 614 in. 534 1b. AMUSE 42.00

* Both Type 213-B and TypE 213-C are built for other frequencies on special order.
Code words and prices apply only to frequencies here listed.

TYPE 645
LABORATORY AMPLIFIER

Plug-in interstage transformers, high gain,
good waveform, handy for all kinds of
experimental work.
No transformers are supplied with the Typre
645 Laboratory Amplifier, but the necessary
mounting bases, ready for connection, are
furnished. The price of $78.00 does not in-
clude tubes.
Type Code Word Price
645 | AMBLE |  $78.00

GENERAL RADIO COMPANY
CAMBRIDGE A, MASSACHUSETTS

RUMFORD PRESS
CONCORD, N.H.
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THE DYNATRON

By CuarrLes E. WorTHEN*

GREAT deal of attention has been
A given recently to the dynatron
type of oscillator. The principle
of the dynatron is not a recent dis-
covery, a paper on the characteristics
of such a device having been published
by Hull{ in 1918. The reason for a
renewed general interest in the subject
is doubtless due to the fact that low-
priced receiving tubes with which the
dynatron negative resistance char-
acteristics may be easily realized are
now available. These are the screen-
grid tubes of the 222- and 224-types.
Thestatic/,— E,curvesof a 224-type
tube are given in Kigures 1 and 2. In
the range of plate voltage which lies
roughly between 10 and 40 volts, the
plate current decreases as the voltage
is increased. This means that the in-
ternal plate resistance, which is the
reciprocal of the slope of the /,—E,
curve, 1s negative, due, of course, to the
emission of secondary electrons from
the plate. When electrons emitted by
the filament reach the plate, the impact
releases some electrons from the plate

* Engineering Department, General Radio
Company.

1 A. W. Hull, “The Dynatron, a Vacuum Tube
Possessing Negative Electric Resistance,” Pro-
ceedings of the Institute of Radio Engineers,

February, 1918.

itself which are immediately attracted
away from it by the higher positive
potential of the screen grid.

In the dynatron region referred to
above, an increase in plate voltage
produces a corresponding increase in
the number of electrons flowing from
filament to plate, but this produces a
still greater flow of secondary electrons
away from the plate and the net result
is a decrease in plate current.

Any device which possesses a nega-
tive resistance characteristic will, pro-
vided certain other conditions are satis-
fied, produce self-sustained oscillations.
If a parallel tuned circuit is connected
as shown in Figure 3 to a tube operating
in the negative resistance or dynatron
region, oscillations will be produced,
provided the impedance of the tuned

£
CR

is equal to or greater than the negative
resistance of the tube. The frequency is

circuit <which is closely given by

then given approximately by ;\17_1.—_0’

and more exactly by

N Lo L £+L 1
2w NLC \2L ' 2Cr

where R, L, and C are respectively
the resistance, inductance, and capaci-

[1]
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tance of the tuned circuit and 7 is the
absolute numerical value of negative
resistance of the tube. In all the above
expressions, the term C is the total
effective capacitance of the tuned
circuit which includes the plate-to-
filament capacitance of the tube.

The frequency range over which the
dynatron oscillator may be made to
operate is extremely wide, frequencies
from a few cycles per second to some
20,000,000 being obtained by merely
changing the tuned circuit. At the very
low audio frequencies and the very
high radio frequencies care must be
taken to keep the resistance of the
tuned circuit as low as possible. The
point at which oscillations cease is
reached when 7 becomes greater than

R For a given value of negative re-
sistance 7 and assigned values of /. and
C (determining the frequency), the
value of R will determine whether the
system will oscillate. The negative
resistance of the tube varies under
ordinary conditions from about 8,000
to 16,000 ohms (see Figures 1 and 2)

and in order to produce oscillations, - s I\’
must lie roughly in this region. If the
plate voltage is fixed, the value of the
negative resistance decreases with in-
creasing screen-grid voltage and also
with increasing positive bias on the
control grid. This may be seen from
the characteristic curves of Figures 1
and 2.

A convenient way to operate the
224-type of tube is with the control
grid tied directly to filament, with 22.5
volts on the plate and 67 to go volts
(preferably go) on the screen grid. This
allows the use of the ordinary blocks of
high-voltage batteries which are tapped
at 22.5-volt intervals.

Changes in operating voltages pro-
duce a comparatively small change in

May,
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frequency. For most purposes, this is
entirely negligible. Better frequency
stability over an unusually wide range
of frequency can be obtained with the
dynatron oscillator than is possible
with one of the conventional type using
a 3-electrode tube. Its stability com-
pares well with that of a piezo-electric
crystal oscillator without temperature
control. This allows it to be used for
fairly precise measurements of fre-
quency, since it can be calibrated
against a known standard and will
hold its calibration well for long periods
of time.

Any resonant circuit wavemeter can
be converted into a heterodyne wave-
meter by using a dynatron to drive
the tuned circuit. Also, the sharpness of
indication of the wavemeter can be
greatly increased by the use of a
dynatron as a means of neutralizing
the resistance of its circuit. This can be
accomplished by putting sufficient
negative bias on the control grid, or by
decreasing the screen-grid voltage
until the dynatron is just below the
point of oscillation. Under this condi-
tion, the positive resistance of the
wavemeter is largely canceled by the
negative resistance of the tube which
results in a much sharper resonance
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this purpose, its plate-current meter CR g

can be used for resonance indications.

If a pair of telephone receivers is
connected in the screen-grid circuit of
the oscillating dynatron, beats can be
heard between the dynatron and other
oscillators, at harmonics of the dyna-
tron frequency as well as at the fun-
damental. Harmonics of the order of
the fifteenth can be utilized in this way
without additional amplification. This
makes it possible to use a heterodyne
wavemeter which has a limited range
of fundamental frequency for calibra-
tion work over a much wider frequency
range.

In addition to those mentioned
above, the dynatron has many other
applications. Hull* has described its
use as an amplifier and as a detector.
It can also be used to measure tuned
circuit resistance. If the control grid
bias is adjusted until the tube just
oscillates, the impedance of the tuned
circuit is equal to the negative resist-
ance of the tube and the circuit resist-
ance can be found from the expression

*Opcit.

can be measured in a number of ways.
linumat used small positive and nega-
tive increments in plate voltage to
determine it. Another method which
works well uses an impedance bridge,
as shown in Figure 4. The tube plate
circuit is placed in parallel with a
known resistance, the combination
forming one arm of the equal-arm
bridge. The negative tube resistance is
then given by » = Tf—l—f;l since Ry;=R,.
Very precise measurement is possible
with this arrangement.

The use of the negative resistance
characteristic of the dynatron in a
resistance-coupled amplifier has been
described by Dowling.f

1 Hajime Iinuma, “A Method of Measuring
the Radio-Frequency Resistance of an Oscilla-
tory Circuit,” Praoceedings of the Institute of
Radio Engineers, March, 1930.

i John J. Dowling, “A New Method of Using
Resistance Amplification with Screened Grid
Valves,” Experimental Wireless & The Wireless
Engineer, Volume V, No. 53, February, 1928.
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USES OF POWER-LEVEL INDICATORS

By ArTHUR E. THIESSEN™

HE instrument which indicates

I the level of power in a telephone

transmission circuit 1s an in-
valuable device for measuring the
performance of the circuit, both while
in use and for testing. It is called a
power-level indicator, or a volume indi-
cator; more simply, V. L.

When connected across a transmis-
sion line carrying a program of voice
and music, one of its functions is to
indicate to an operator between what
approximate power limits the sound is
being delivered past its terminals.
Speech and orchestral music power
vary between wide limits during trans-
mission, but the indicator, not follow-
ing each sudden variation, reads a
mean which is known as the Average
Power. Most power-level indicators are
simply voltmeters which show the
voltage across the transmission line at
the point of measurement. The voltage
is, of course, a function of the power.f

The measurement of the electrical
power in the voice circuit is not difficult
once a reference point has been de-
termined. Two levels have been rather
arbitrarily chosen as the zero or ref-
erence level of power. In some tele-
phone and broadcast circuits, it is
taken as 6 milliwatts; for carrier and
certain other telephone circuits, it is
1o milliwatts. The choice is quite

* Engineer, General Radio Company.

t The indicator, being a voltmeter, reads
proportionally to both the power and the im-
pedance of the line; i.e.

E = \/ZW when W = the power in watts and
Z = the impedance in ohms.
The impedance, Z, of a transmission line is
given by the formula:
Z e e
/C
where L and C are the inductance and capaci-

arbitrary, but 6 milliwatts is the most
usual. With this as the standard refer-
ence level, power-level indicators are
calibrated to read the ratio between
the actual power and the reference
power in decibels.

One example of the importance of
maintaining a check on the signal
amplitude of a telephone circuit is
illustrated in Kigure 1. 44 and BB
represent 4 electric conductors running
close together, as in a cable, for example.
In this condition there will be an appre-
ciable amount of capacitance between
them. The pair 4.4 is being used for
carrying speech originating at the
transmitter; while someone is listening
to an entirely different conversation on
the pair BB. The capacitances between
these 4 conductors form the familiar
bridge arrangement. If the bridge were
balanced, that is, if all. of the capaci-
tances were equal, none of the signal in
A would appear in B. However, in the
majority of actual circuits no such
ideal balance is possible and some part
of the signal in 7 is heard in the re-
ceivers. It can be found by experience
at just what power level this inter-
fering speech becomes troublesome. It
is necessary then for an operator to
observe the volume level of the speech
at the power-level indicator and to hold
it below the interfering level by means
of the volume control. Besides the
difficulty from such crosstalk, a power
level which is too high may overload
repeaters, amplifiers, or reproducers in
the circuit.

tance of an infinite line. In practice, this method
works out to be about 500 or 600 ohms. Power-
level indicators are usually calibrated on this
basis with 6 milliwatts as the reference level.
The reference is thus about 1.73 volts.

Ls]
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On the other hand, there is a very
definite level of extraneous noise pres-
ent in all telephone circuits. Its magni-
tude depends on a number of factors.
On outside telephone lines, interference
may be picked up from nearby power
lines. Atmospheric electricity affects
the lines quite as seriously as it does
radio. Poor contacts, generator noise,
and microphone hiss all contribute to
the unavoidable “noise level” in all
voice circuits. In order that speech may
be understandable, it is essential that
its volume does not fall below the noise
level of the system. The power-level
indicator provides the means by which
an observer can know when the speech
power is below the noise level and can
correct the condition.

Thus, there are two definite limits
between which speech circuits must
operate. The value of the power-level
indicator is to tell the operator just
what the speech power level is, in order
that he can intelligently handle the
circuit.

Considering the limits of speech
power that may be used, there is an
interesting analogy between telephone
circuits and recording on wax records.
Due to infinitesimal irregularities on
the surface of the wax, there is always
present a certain amount of surface
noise or ‘“‘needle scratch.” This is the
“noise level " of the wax record. Music

or speech impressed on the record
must have an amplitude in excess of
this in order to be intelligible. On the
other hand, the maximum amplitude is
determined by the swing the needle
can make without cutting through to
the next groove. The usual safe ampli-
tude for records used in talking picture
recording is about 0.002 inch. There is
danger of cutting over if any greater
amplitude is used. This is the overload
or “crosstalk” point and the signal
must not be allowed to exceed it.

The maximum range between the
allowable low and high levels on a wax
record is about 36 decibels, a power
range of about 4000 to 1. Ordinary
speech will never approach this power
range, but orchestras, unless especially
trained and under the guidance of a
careful conductor, will sometimes cover
a volume range of 6o decibels, or
1,000,000 to 1. Kor this reason, the
recording level must be carefully
monitored and not allowed to exceed
the limits defined by the record char-
acteristics. The same is true with
the film recording of sound. The
maximum level is limited in this case
by the width of the sound track, about
o.1 inch.

The use of the volume indicator is
not, by any means, limited to monitor-
ing work. It is often used as an aid in
equalizing telephone circuits. An ordi-

TRANSMITTER

VOLUME CONTROL POWER LEVEL

TWO PAIR
TELEPHONE CABLE

INDICATOR

FiGure 1
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nary telephone circuit will transmit
certain of the voice frequencies much
better than others. For the trans-
mission of speech with fair intelligi-
bility, a frequency spectrum from 200
to 3,000 cycles is needed. But a line
that is to be used for high quality
transmission of both speech and music,
for example, one connecting a broad-
casting studio with its transmitting
station, must have a flat characteristic
from 50 to 5,000 cycles. In order to
improve the frequency characteristic
of a line so that it may be used for high
quality transmission, corrective net-
works or attenuation equalizers are
used. The structure of one of these is
shown in Figure 2. The anti-resonant
network is tuned to the frequency that
it 1s desired to emphasize. The value
of the resistance determines its effec-
tiveness. Several of these networks are
sometimes connected across one line
and set for various frequencies. To
adjust the equalizers, several discrete
frequencies from an oscillator are sent,
one at a time, into the line at a given
amplitude as determined by a power-
level indicator. At the receiving end
another power-level indicator is con-
nected across the line and the equalizers
adjusted until the power level is ap-

May, 1930 o

O= o)
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LINE EQUALIZER CIRCUIT

FiGure 2

proximately the same at all of the test
frequencies. When this is done, the
engineers are assured that the line has
a uniform transmission characteristic
over the frequency band.

A gain or loss in power transferred
through a network may also be found
with some precision by reading the
power into and out of the network on
the power-level indicator. It is neces-
sary to note that the impedance on
both sides of the network being meas-
ured 1s the same. If it is not, the indi-
cator reading must be corrected, be-
cause it will, for a given power, read
high or low in accordance with the
impedance across which it is con-
nected. ;

Eprror’s Nore: The June issue of the General Radio
Experimenter will commemorate the fifteenth anniversary

of the founding of the General Radio Company.

On that

occasion, the editor steps aside and yields his chair and blue
pencil to an anonymous guest, whose identity will forever

remain secret.

The General Radio Experimenter is published
monthly to furnish useful information about the
radio and electrical laboratory apparatus manu-
factured by the General Radio Company. It is
sent without charge to interested persons. Re-
quests should be addressed to the

GENERAL RADIO COMPANY
CAMBRIDGE A, MASSACHUSETTS

RUMFORD PRESS
CONCORD. N.H.
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SINCE 1915

General Radio Company has been designing and manufac-
turing electrical measuring instruments for use at communica-
tion frequencies (0 to several million cycles per second). A
list of the most important items in the line is given below.
Many of them have application outside the laboratory.

» » »

Frequency Standards and Measuring Devices — Magnetostriction
Oscillators — Piezo-Electric (Quartz) Oscillators— Wavemeters

Vacuum-tube Oscillators— Radio-Frequencies— Audio-Frequencies

Bridges for Measuring — Resistance, Inductance, Capacitance —
Vacuum-tube Characteristics

Resistance Boxes

Precision Condensers

Calibrated Inductors

Attenuation Networks and Voltage Dividers

String Oscillograph

A-C Voltmeters — Vacuum-tube Type — Oxide-rectifier Type

Standard-Signal Generator (for radio-frequency voltage measure-
ments)

Galvanometer Shunts

Transformers

Relays

Miscellaneous Accessories — Vacuum-tube Sockets — Rheostats and
Potentiometers—Switches—Plugs, Jacks, Plug-in Mounting Bases

» » »

Our Engineering Department publishes a monthly magazine,
The General Radio Experimenter, for free distribution to anyone
interested in technical developments in communication engi-
neering and allied fields. A memorandum with your name,
mailing address, and business affiliation will place you on the
mailing list.

GENERAL RADIO COMPANY

CAMBRIDGE A, MASSACHUSETTS
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WE CELEBRATE A BIRTHDAY

N June 14, 1915, the Secretary
O of the Commonwealth of Mas-

sachusetts issued a charter to
the General Radio Company, thereby
founding a new organization for a
new purpose, namely, the manufacture
of measuring apparatus suitable for
use at radio frequencies.

While the history
of a pioneer company
isinteresting to those
associated with the
development of an
art, it is boring to
most people. Al-
though no attempt
will be made to give
a detailed history of
the General Radio
Company, there are
a few high spots that
should prove of in-
terest to all engaged
in the radio art.

Almost the first General Radio cus-
tomer was George E. Cabot, one of the
founders of the Holtzer-Cabot Electric
Company, and his purchases in the
early days of the Company contributed
materially to preventing its early de-
mise because of insufficient income.
He is still purchasing General Radio
instruments, and in his very well
equipped laboratory has a sample of
nearly every instrument built by us.

[1

The first experience of the General
Radio Company with Dr. DeForest’s
“audions,” the erratic ancestors of the
present triodes, was in the fall of 1913,
when an inventor of a talking movie
scheme wanted an amplifier designed
and built. This Mr. Freistatter had the
idea that a narrow band of fine iron
filings could be ce-
mented to the edge
of a movie film, and
sound stored as a
magnetic charge, as
was done with a wire
in the Poulsen tele-
graphone. We built a
two-stage amplifier,
which could be used
to get enough energy
from the microphone
to magnetize the
filings, and also to
reproduce the out-
put of the film on a
loud-speaker. The transformers de-
signed for this amplifier were after-
ward sold in great quantities to
experimenters. They were probably the
first audio transformers, having closed
cores, to be generally available for
purchase. A frequency-response curve
of such an early two-step amplifier
would be very interesting to look at,
but we suspect it would have little re-
semblance to that of a modern unit.

]
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Hardly had the Company started
and supplied a few pieces of apparatus
to pioneer institutions engaged in
radio research, when the United States
entered the World War. Plans for
new developments had to be aban-
doned.

From a small organization largely
engaged in research work, it was neces-
sary to expand the Company to a large
production group, capable of turning
out quantities of war material. This
material included radio training equip-
ment, field equipment, airplane sets,
and in general, radio equipment re-
quired by the Signal Corps and the
communications service of the Navy.

As a matter of history, it is interest-
ing to note that in one of the first
shipments of war material there were
included some of the early type of
standard condensers. One of these
condensers found its way into the
United States Signal Corps laboratory

Building No. 1, erected 1924.
Building No. 2 which was
erected in 1925 is similar to
No. 1 but is one story taller.
Building No. 3 now under
construction is similar to
Building No. 2

in France. In that labora-
tory was Lieutenant, now
Major, E. H. Armstrong,
who was attempting to find
a better method of radio
communication. Requiring
a condenser for use in one of
his circuits, and having none
available, he appropriated
the laboratory standard. It
was this circuit which
worked, and thus, one of
this Company’s earliest con-
densers was incorporated in
the first superheterodyne.

At the close of the
war, the General Radio
Company returned to its original
purpose, namely, that of developing
and manufacturing laboratory appa-
ratus. In the spring of 1919, William
Dubilier asked us to design a bridge
which he could use to measure accu-
rately the capacitance and power factor
of mica condensers. The result was the
Type 216 Capacity Bridge, which is
now used in a great many laboratories.
The Type 222 Precision Condenser was
built at the same time, and was the
first commercial condenser having low
losses and great precision of reading.
It had a low-loss insulated stator, cone
bearings, rugged construction, and
a worm gear arrangement for close
readings, features which continue to
distinguish it. Mr. Dubilier still has in
use the first capacity bridge and pre-
cision condenser of our make in his
laboratory. Perhaps some day we shall
be able to get them back for our
contemplated museum !
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The post-war readjustment processes
had just been completed when the
furor of broadcasting broke out. Again
the plans of the Company were put
aside. The demands for equipment that

‘could be assembled into radio receivers

were so great that it became necessary
to concentrate production activities on
this class of material. The demand
grew and continued to grow, until the
Company found itself expanded to a
greater extent than was necessary even
during war time. This time, however,
the expansion was different. It was not
necessary that every effort be directed
toward the production of equipment
demanded by war conditions. While
the expansion process went on, develop-
ment work still continued. It was as
if two companies had been set up under
one roof. There was always the feeling
that after the wave of novelty of broad-
casting had passed over, there would
no longer be a consumer demand for
radio parts. It was anticipated that a
new demand would come from new

JuxNE, 1930 3

companies, organized to manufacture
recelvers under mass production meth-
ods, and that this demand would be
for production testing apparatus.
That this prediction was right was
proved by the end of 1927. A three-
year plan, covering the years 1928,
1929, and 1930, was laid out to take
care of the transition that would come
in the type of product manufactured
by this Company. New methods of
selling and new ratios between research
expenditures and manufacturing costs
had to be arranged. New types of re-
search, new methods of manufacturing
had to be planned. Finally, came the
item of increased plant facilities to take
care of these activities. This was left
as the last step in the three-year plan.
This step was taken on April 7, 1930,
when ground was broken for a new
unit which, when completed this fall,
will increase the plant capacity by 6o
per cent. A very substantial proportion
of this unit will be devoted to engineer-
ing laboratories and the manufacture

The General Radio Plant
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Tyre 105 Wavemeter. A
pre-war frequency

issue of the Experimenter a
bit of information pertain-
ing to the people who take
an important part in the
affairs of the General Radio
Company. As the General
Radio Experimenter is an
engineering publication, the
sketches will be largely
limited to those having
contact with engineering
activities.

A few weeks after the
United States entered the
World War, there appeared
at the offices of this Com-
pany a man who offered
of items requiring special production his services to do whatever was possible
methods. to aid in the winning of the war. Know-

It is not brick, nor mortar, nor ma- ing the position the General Radio Com-
chines, nor capital that makes a suc- pany occupied in the field of radio
cessful organization. It is the persons research,hefelt that through it he would
whose lives are associated with the be best able to contribute his services.
organization who give it its existence. This man was Henry S. Shaw, now
It seems thus fitting to include in this Chairman of the Board of Directors.
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Type 101 Condenser. A
1915 pioneer in low-loss
condenser design
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Although primarily interested in
science, and particularly in radio, Mr.
Shaw had had considerable business
experience, which experience proved
to be of great value to the Company at
a time when rapid expansion was neces-
sary to meet war conditions. It was
further largely due to his tireless ac-
tivity and excellent judgment that the
Company so successfully weathered
the very trying days following the war,
and the subsequent days of business
readjustment. Mr. Shaw became Treas-
urer of the Company in January, 1918,
and continued to hold that office until
January, 1926, when he was elected
Chairman of the Board of Directors,
which position he now holds.

Mr. Shaw was born in Boston,
November 29, 1884, and was graduated
from Harvard University with the
class of 1906. He is a member of
the Institute of Radio Engineers, the
American Institute of Electrical Engi-
neers, and several other scientific
societies. His interest in general busi-
ness problems is evidenced by the fact
that he is a director of a large Boston
trust company, as well as several
business corporations. Second only to
his interest in science is his interest in
natural history, particularly ornithol-
ogy.

His scientific work has included
studies of fading phenomena of radio

JunEg, 1930 5

HENRY S. SHAW

Chairman of Board

signals, and for a score of years he has
been interested in amateur radio, hav-
ing operated early in 1924 what is
believed to be the first crystal-con-
trolled amateur transmitter. He is also
interested in meteorology and other
geophysical subjects.

When the General Radio Company
started in 1915, Melville
Eastham was elected Presi-
dent,and has been reélected
every year since then, which
is quite a record in radio
manufacturing circles. His
activities, particularly dur-
ing the last few years, how-

Tvyre 28¢g Fading Recorder.

A galvanometer and motor-

driven recording tape used in

studies of radiosignal strength
changes
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ever, are not properly described by his
title, for he is rarely found at his presi-
dential desk. His interests are almost
exclusively in engineering work, and he
may usually be found in his research
laboratory, except during the summer,
when he takes a long vacation, gener-
ally on the Pacific Coast or in Europe.

In the early days of the Company, he
was instrumental in developing better
variable air condensers having features
which became almost universal, such
as conical bearings, a moving dial in
place of a moving pointer, and low-loss
dielectric placed in a weak electrical
field. He is the originator of the sol-
dered-plate type of construction which
has become so useful, particularly in
condensers used at very high fre-
quencies. His jig method of plate spac-
ing has been an important factor in the
production of uniform condensers with
low assembly costs.

In 1919 the first TyPE 222 Precision
Condenser with a grounded rotor was
built. It used a worm and gear to make
closer reading possible, and was almost
exactly the same design that is still
in use in most laboratories as a stand-
ard for comparing other condensers.
The Type 216 Capacity Bridge for the
measurement of small capacities was
designed at about the same time, in
connection with this precision con-
denser.

Mr. Eastham has been working
during the last several years on beat-
frequency oscillators, standard-signal
generators, and other audio- and radio-
frequency measuring equipment. Many
of the simpler items of the General
Radio line, such as sockets, rheostats,
plugs, jacks, and others, are the result
of his very practical turn of mind.

He was born in Oregon City, Oregon,
on June 26, 1885, and is a Fellow of
the Institute of Radio Engineers, the
American Association for the Advance-
ment of Science, the Acoustical Society
of America, and a member of the

MELVILLE EASTHAM
President

American Institute of Electrical Engi-
neers, the Optical Society of America,
and the Radio Club of America. He
was with the Clapp-Eastham Com-
pany, one of the early manufacturers
of wireless equipment, from 1906 until
the General Radio Company was
founded.

Mr. Eastham has been active for
many years in the affairs of the Insti-
tute of Radio Engineers, and is at
present its Treasurer. He is an ardent
swimming enthusiast.

Another member who joined our
organization during the war is our Vice
President, Errol H. Locke. Although
first associated with the Company in
commercial activities, Mr. Locke was
made Vice President in 1920, and for
the past decade has been responsible
for the entire production of our factory.
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Born in Lexington, Massachusetts,
on July 17, 1890, Mr. Locke has always
made his home in that historic town,
and has for a number of years been
treasurer of the Lexington Historical
Society, and is also a corporator of the
Lexington Savings Bank. He is a gradu-
ate of Harvard University of the class
of 1913. His hobby is the application
of scientific methods to his Vermont
dairy farm.

In May, 1917, an instructor in elec-
trical engineering at the Massachu-
setts Institute of Technology, who was
also an officer in the Coast Artillery
Reserve Corps, was called to active
duty. After two years of service in the
United States and France, he received
his discharge, and while waiting for the
fall term to open to resume his teach-
ing, he temporarily joined the General
Radio Company. The work proved so
attractive that he resigned his instruc-
torship, and remained with the Com-
pany as an engineer. He was H. B.
Richmond, who is now our Treasurer.

Mr. Richmond took over the com-
mercial activities of the Company in

Juxe, 1930 7

ERROL H. LOCKE

Vice President

the fall of 1920. On October 1, 1921,
he was made Secretary of the Corpo-
ration, and in January, 1924, Assist-

Type 124 Condenser. A 1916 forerunner
of popular priced low-loss condensers
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ant Treasurer. Since 1926 he has been
Treasurer of the Company, yet much
of his time is devoted to the direction
of its engineering policies.

Mr. Richmond was born in Medford,
Massachusetts, on March 22, 1892,
and was graduated from the Massa-
chusetts Institute of Technology in

H. B. RICHMOND

Treasurer

the class of 1914. He is a Fellow of the
Institute of Radio Engineers, a mem-
ber of the American Institute of Elec-
trical Engineers, and also a director of
the Central Trust Company of Cam-
bridge. For the past four years, he has
been a director of the Radio Manu-
facturers Association, and just this
month has completed a year as presi-
dent of that organization. For a num-
ber of years, Mr. Richmond held a
commercial first-grade radio operator’s
license, and has had an amateur radio
station since 19o08. While greatly re-

senting being caJled a New England
farmer, one of his hobbies is flower-
growing. k.l

With the expansion of our engineer-
ing activities, it became necessary
to obtain the services of an engineering
executive, and in particular, one who
had had considerable practical expe-
rience in the field of audio- and radio-
frequency measurements. Where better
could such a man be found than in
the Bell Telephone Laboratories, which
organization has contributed so many
men to radio and allied industries?

After having spent twelve years in
the Bell Laboratories on carrier teleg-
raphy and telephony problems, on
precision frequency measurements, and
on television development, J. Warren
Horton resigned in 1928 to join the
General Radio Company as Chief
Engineer.

A graduate in electrochemistry from
the Massachusetts Institute of Tech-
nology, with the class of 1914, Mr.
Horton continued there for two years
on the instructing staff of the physics
department. During the war he was
engaged in problems relating to sub-
marine detection, both in this country
and at the U. S. Naval Headquarters
in London.

Mr. Horton holds membership in a
large number of technical societies,
being a Fellow of the Institute of Radio
Engineers, the American Institute of
Electrical Engineers, and of the Acous-
tical Society of America, as well as a
member of the Physical Society, So-
ciety of Motion Picture Engineers, and
others. Although now devoting a large
part of his time to his executive duties,
Mr. Horton still finds time to direct
some personal development work, par-
ticularly on attenuation networks. g

Assisting Mr. Horton is Lawrence
B. Arguimbau. Mr. Arguimbau joined
the Bell Telephone Laboratories in
1923, and his work was so promising
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ks Rk
J. WARREN HORTON
Chief Engineer

that Mr. Horton, who was at that time
with the Laboratories, felt that he
should carry his studies further so as to

Universal Gain-Loss Set for determining
transmission characteristics of circuits and
component parts
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include an engineering degree. He left
the Bell Laboratories in 1926, and
entered Harvard University, where he
will be graduated in physics this year.
During the four years he has been at
Harvard, Mr. Arguimbau has spent
his summers and much of the time

LAWRENCE B. ARGUIMBAU

Assistant Engineer

during the college year in our labora-
tories. His work has been quite largely
on oscillator circuits with particular
reference to their constants.

At the height of the home-built radio
receiver days, every mail brought in
large quantities of letters asking for
information on receiver design. The
task of answering this fan mail fell
to Charles T. Burke. It is not alone in
this field that Mr. Burke is proficient,
for he has contributed much to the
design of testing apparatus. In this
latter field, particularly on equipment
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for service men, he now specializes.

Mr. Burke joined the General Radio
Company in June, 1924, immediately
after receiving his Master of Science

CHARLES T. BURKE
Engineer

degree in electrical engineering from
the Massachusetts Institute of Tech-
nology. In the six years that he has
been associated with this Company,

he has been its representative at radio
exhibitions throughout the country,
and has become known to a large part
of the radio industry. He has also been
active in the engineering activities of
the Radio Manufacturers Association.
Mr. Burke is a Member of the Institute
of Radio Engineers, and an Associate
Member of the American Institute of
Electrical Engineers.

About two o’clock one morning out
on a lonely country road, a police
officer came upon a man who stopped
about every hundred yards and tapped
on the road with a hammer. It took
much persuasion to make the officer
of the law believe that the man he
found was neither an escaped inmate
of a neighboring asylum nor a member
of a yegg gang, but only a physicist
carrying out tests on his newly de-
veloped terraphone, later to be used
in oil-locating surveys. The man was
Horatio W. Lamson, the specialist in
theoretical and applied acoustics of our
engineering staff.

Mr. Lamson was graduated in
physics from the Massachusetts Insti-
tute of Technology with the class of
1915, and in 1917 received a master’s
degree from Harvard University. Dur-
ing the war he was Assistant Radio Aide
at the Charlestown Navy Yard, and
later Chief Electrician, U. S. N. R. F.,
stationed at New London, where he

Typre 355 Transformer
Test Set. An early ex-
ample of test apparatus



S10DIANYD JO A531an00) A1y |

V, No. 1

Vou.

was engaged in research problems on
submarine detection.
Since 1919, Mr. Lamson has either

Submarine Detector for Coast Defense
installation

been associated with Dr. G. W. Pierce
in his laboratories at Harvard Uni-
versity on problems in which the
General Radio Company was inter-
ested, or directly with this Company.
His work has covered a wide range of
activities, but more particularly those
pertaining to electro-acoustics and to
frequency determination. He has de-
veloped subaqueous sound-ranging de-
vices, geophysical survey apparatus,
precision electrically driven tuning
forks, and numerous allied equipment.

Juxe, 1930 11

Recording Oscillograph
Used in oil-locating surveys

Mr. Lamson’s amateur radio activi-
ties date back a score of years, and for
a number of years he held a commercial
first-grade operator’s license, having
been employed summers during his
college training as a ship’s radio opera-
tor. He is a Fellow of the Acoustical
Society of America, a Member of the
Institute of Radio Engineers, and of
the American Institute of Electrical
Engineers.

HORATIO W. LAMSON

Engineer
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6o-cycle Electrically-Driven Tuning Fork
of high precision

The engineer of our staff most famil-
iar with actual radio operation, both
from the commercial and from the
amateur viewpoint, is James K. Clapp.
Mr. Clapp not only has operated his
own amateur station since 1909, but
has been three years at sea as a reg-
ular commercial operator. During the
Vermont flood of 1927, he organized a
mobile radio group which went into
the stricken region and rendered great
assistance in establishing communica-
tion with the outside world. He spent
two and a half years during the war in
the U. S. Naval Communication Serv-
ice, holding the rank of Ensign.

Mr. Clapp is devoting most of his
time now to the accurate determina-
tion of frequencies. He is responsible
for the present development and main-
tenance of our highly accurate fre-
quency standards. In addition to this
work, he has developed special equip-

ment for measurement purposes for

CHARLES E. WORTHEN

Assistant Engineer

the Navy, Coast Guard, and other
governmental services.

Prior to joining this Companv two
years ago, Mr. Clapp was an instructor
in electrical communications at the

Massachusetts Institute of Technology,

Antenna-Measuring  Equip-

ment. A portable unit for

studying antenna character-
istics
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JAMES K. CLAPP

Engineer
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from which he was graduated in elec-
trical engineering in 1923, later re-
ceiving a Master of Science degree.
He is a Member of the Institute of
Radio Engineers, and is keenly inter-
ested in flying.

Assisting Mr. Clapp is Charles E.
Worthen, who likewise is a graduate
in electrical engineering from the Mas-
sachusetts Institute of Technology.
Mr. Worthen came to us in June, 1928,
immediately after graduation. In addi-
tion to the work done under Mr.
Clapp’s direction, Mr. Worthen has
developed a 400-cycle tuning-fork oscil-
lator, and made studies of paper
condenser changes with age.

Piezo-Electric Controlled Frequency Stand-

ard which maintains an accuracy of within

one part in a million. This is the General
Radio Standard-Frequency Assembly
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Like so many in our organization,
Mr. Worthen has had amateur radio
experience. He is an Associate of the
Institute of Radio Engineers.

With the increased precision ob-
tainable in audio- and radio-frequency

- |
L

ROBERT F. FIELD

Engineer

Individual calibration of
Tyre 358 Wavemeters

measurements, it became desirable to
have as a member of our staff a man
who through previous training and
experience in the measurement field
would be able to advance this art even
further. Last October we were fortu-
nate in obtaining the services of Robert
F. Field, whose work in the measure-
ment field is well known to radio
engineers. .

M. Field was graduated from Brown
University in 1906, receiving a master’s
degree there the following year. He
remained at Brown, teaching physics
and electrical engineering, until 1915,
when he left to take advanced work
at Harvard University, receiving a
master’s degree in 1916. From
1918 until he joined the General
Radio staff, Mr. Field taught at Har-
vard University. As Assistant Pro-
fessor of Applied Physics he taught
courses in communication engineering,
specializing in electrical measure-
ments.

During the war Mr. Field was en-
gaged in research work pertaining to
radio torpedo control and allied sub-
jects. He is a Fellow of the American
Academy for the Advancement of
Science, a Member of the Physical
Society, and an Associate of the Insti-
tute of Radio Engineers.



S10DIMUD JO £5914n0) a1

Voi. V, No. 1

Although joining our engineering
staff but eighteen months ago, Arthur
E. Thiessen has made an exceptionally
wide acquaintance in the radio and
talking motion picture industries. Dur-
ing the past winter, Mr. Thiessen made
a lecture tour of eight sections of the
Institute of Radio Engineers, besides
several other extensive business trips.
Largely through these contacts Mr.
Thiessen has become known to many
engineers in the radio and talkie fields.

After being graduated with the class
of 1926 in electrical engineering from
Johns Hopkins University, Mr. Thies-
sen joined the Bell Telephone Labo-
ratories staff, leaving there in Decem-
ber, 1928, to join our organization.
He has been particularly interested in
magnetic alloys and amplifier work.
During the past year, he has, however,
been devoting his time largely to the
development of equipment for produc-
tion testing of radio receivers and
audio amplifiers, as well as special
apparatus used in talking pictures.

Mr. Thiessen is a Member of the In-
stitute of Radio Engineers. He is a for-
mer radio amateur, whose station was
well known to Pacific Coast amateurs.

Jux~E, 1930 I
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ARTHUR E. THIESSEN
Engineer

Technical literature requires a tech-
nical editor. It is, therefore, fitting
that we should have as editor of the

A section of the audio-amplifier test installation developed for the Victor Talking Ma-
chine Company for production inspection tests on completed amplifiers
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JOHN D. CRAWFORD

Engineer

General Radio Experimenter and of our
catalogs and engineering bulletins, one
trained in the field of communication
engineering. Our editor, John D. Craw-
ford, is an electrical engineering gradu-
ate of the Massachusetts Institute of
Technology with the class of 1927.
Until joining the General Radio Com-
pany early in 1929, Mr. Crawford was
Assistant Managing Editor of The
Technology Review, an engineering
journal published by the M. I. T.
Alumni Association.

Mr. Crawford was at one time a
radio amateur. He is an Associate of
the Institute of Radio Engineers.

Another member of our Engineering
Department who received training
at the Bell Telephone Laboratories is
Arthur G. Bousquet, who joined our
staff last year. Mr. Bousquet was
graduated in electrical engineering

from Tufts College in 1928. He is de-
voting much of his time with us to
studying our regular instruments, to
determine their characteristics, under
limiting conditions of operation.

Mr. Bousquet is an Associate of the
Institute of Radio Engineers, and has
recently become interested in amateur
radio activities.

In addition to the work of our own
staff we have been fortunate in having
had the consulting services of two well-
known physicists, namely, Professor
G. W. Pierce, of Harvard University,
and Professor Walter G. Cady, of
Wesleyan University. For the past
decade, we have had the advice of
Professor Pierce on a variety of prob-
lems. He has been our consultant on
subaqueous sound work, circuits for
piezo  oscillators, magnetostriction

ARTHUR G. BOUSQUET

Assistant Engineer
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apparatus, and at the present time, we
are working with him on the develop-
ment of supersonic apparatus. We
have rights under his patents and
applications in these fields.

Professor Pierce received his doctor’s
degree from Harvard University in
1900, and except for a period of study
at Leipzig, has been teaching there
ever since. He is now Professor of
Physics, and Director of the Cruft
High Tension Electrical Laboratory.
He is the author of textbooks on radio
subjects and of numerous technical
papers. His membership includes a
large number of technical societies in
several of which he holds the highest
grade. He is a past president of the
Institute of Radio Engineers.

The work of Professor Cady has
largely made it possible for us to be-
come so actively engaged in the field
of supplying quartz crystals as fre-

DR. WALTER G. CADY
Consultant

JunEg, 1930 17

DR. G. W.

Consultant

PIERCE

quency standards. Professor Cady was
a pioneer in this field and through his
consulting services and the issuing of
rights under his patent, we have been
able to develop and manufacture quartz
crystal standards.

Professor Cady received his doctor’s
degree from the University of Berlin
in 1900, and after two years as mag-
netic observer with the U. S. Coast and
Geodetic Survey, joined the staff of
Wesleyan University, where he is now
Professor of Physics. He is the author
of many papers on theoretical and ap-
plied physics. Professor Cady holds
the highest grade of membership in

several technical societies.

After the electrical engineers have
developed breadboard models of ap-
paratus, a complete experimental model
must be made. This work is handled in
an experimental shop under the direc-
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tion of Harold S. Wilkins, our mechani-
cal engineer. On Mr. Wilkins, the link
between engineering and production,
rests the responsibility of checking
all apparatus for mechanical details
before releasing it for production.

Mr. Wilkins was graduated in electro-
chemistry from the Massachusetts
Institute of Technology with the class
of 1914. His work has been quite varied
but always on problems relating to
mechanical and electrical engineering.
It has covered such fields as storage
batteries, woodworking machinery,
electrical apparatus, oil burners, elec-
trical refrigerators, and other house-
hold appliances. Since he has been with
us he has developed gear mechanisms
for a synchronous motor-driven clock
for accurate time comparisons, and
a recording oscillograph for special
uses.

During the war Mr. Wilkins was
with the Chemical Warfare Service,
now holding the rank of Captain in the
Chemical Warfare Reserve Corps. He
is a member of the American Chemical
Society, the American Electro-Chemi-
cal Society, and of the Society of
Automotive Engineers. During his
collegiate days he was a sprinter well
known in the New England Inter-
collegiate meets and still retains his
interest in outdoor sports.

HAROLD S. WILKINS

Mechanical Engineer

When a customer complains — and
such things have really happened —
about the delay in the delivery of some
special order item, we look to ‘“Mac”
to straighten out the matter. Paul K.
McElroy, with title of production
engineer, operates a shop within a
shop. In order that drawings and pro-

Tyre 511 Syncro-Clock with

special micro-dial which per-

mits time-interval compari-

sons to be made within o.o1
second
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PAUL K.

Production Engineer

McELROY

cesses may be approved before regular
factory production starts, the first
production samples of new instruments
are made in this special shop. Here also
special items in small quantities are
made. In short, it is the liaison between
engineering and production.

Mr. McElroy’s collegiate training
was interrupted by the war, during
which he was stationed at the Ord-
nance Proving Ground, Aberdeen,
Maryland. After the war he returned
to Harvard University, graduating
in physics in 1920. A year later, after
obtaining a master’s degree he became
associated with the General Radio
Company on problems pertaining to the
construction of submarine detectors.

Although perhaps to the discomfort
of his neighbors, Mr. McElroy’s hobby
is playing the saxophone. He is a
Member of the Institute of Radio
Engineers.
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After establishing contact between
an engineer desiring measuring appa-
ratus, and our Engineering Depart-
ment, the efficiency with which the
order is handled depends on the
Commercial Department. That there
may be an understanding of engineer-
ing requirements, Charles E. Hills, Jr.,
a graduate in electrical engineering of
the class of 1921 of Northeastern Uni-
versity, has been chosen our Commer-
cial Manager.

After a brief training in laboratory
work with a large electrical company,
Mr. Hills joined the General Radio
Company in 1922. Before taking over
his duties as Commercial Manager,
he was associated with the production
office in order to become familiar with
production methods as well as the
requirements of his own department.
Mr. Hills is an Associate of the Insti-
tute of Radio Engineers.

CHARLES E. HILLS, JR.

Commercial Manager
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SMALL LABOR TURNOVER

KNUT A. JOHNSON
Our Senior Employee

The manufacture of scientific ap-
paratus, such as ours, requires not
only skilled workmen, but men familiar
with the particular construction of our
instruments. It is, therefore, only
fitting to find that the first man to join
the General Radio organization is still
with us. He is Knut A. Johnson, a
skilled machinist who is now in charge

of a department devoted to special
items, whose manufacture is not
adapted to routine production meth-
ods. It is in this department that in-
dividual items are manufactured to
meet some unusual requirements of a
customer.

Through vacation and holiday pay,
through a profit-sharing bonus plan,
and above all, through good working
conditions, we try to keep labor turn-
over at a minimum. That this plan has
been successful is evidenced by the fact
that even with the increase in the num-
ber of employees, 15 per cent. of the
shop personnel have been with us over
ten years; 34 per cent. between six and
ten years; 3 per cent. between three
and six years; and only 48 per cent.
less than three years.

Only male help is employed, except
for the office personnel. Of the men in
our office, a majority have been here
over five years, while the purchasing
agent and the chief draftsman are on
their second decade. All the officers
have been with the Company for over
ten years.

A five-day working week was inaugu-
rated in 1919, while group insurance
wholly paid for by the Company was
placed in effect two years prior to that.
The employees operate by themselves
a Mutual Benefit Association and also
a Credit Union.

The General Radio Experimenter is published
monthly to furnish useful information about the
radio and electrical laboratory apparatus manu-
factured by the General Radio Company. It is
sent without charge to interested persons. Re-
quests should be addressed to the

GENERAL RADIO COMPANY
CAMBRIDGE A, MASSACHUSETTS

RUMFORD PRESS
CONCORD. N.H.
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THE CONTINUOUS RECORDING OF
PULSE RATES

By HoraTio W. LLaMsoN

N illustration of the interrelation of the equipment in the diagnosis and treatment
sciences is to be seen in the increasing  of the ills of mankind. For example, it
use which the members of the medi- is well known that muscular contractions

cal profession are making of electrical are accompanied by more or less pro-

Ficure 1. The -cardiota-
chometer in use in the labo-
ratory of Dr. A. V. Bock at
the Massachusetts General
Hospital, Boston. The
patient exercises on the
treadmill while continuous
records of the pulse rate
are taken
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HEART BEAT RECORD.
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Ficure 2.

nounced electrical potentials. Extensive
use has been made of this phenomenon
in diagnosing and studying diseases of the
heart.

By means of the electrocardiograph, the
voltage wave produced by the systole, or
contraction phase of the heart-beat cycle,
may be introduced onto the vibrating ele-
ment of an Einthoven or string galvanome-
ter and thence recorded as an oscillogram
upon a photographic film. For each com-
plete beat of the heart, such a record shows
a single pulse caused by the systole of the
auricle followed by a quadruplex wave
produced by the systole of the ventricle.
This whole cycle is repeated about 80 times
per minute. An analysis of the shape and
timing of these complex waveforms gives
the physician many data concerning the
functioning of the heart.

In order that satisfactory records may be
obtained from the electrocardiograph, the
patient must be in a condition of compara-
tive repose so that the systolic waves will
not be confused or obliterated by other
potentials due to the contraction of muscles
not involved in the action of the heart. It
is, therefore, impractical to use the ordinary
electrocardiograph for recording or timing
heart action when the patient is exercising
or is in a state of physical exertion or mus-
cular strain.

The heart is primarily a pump for supply-
ing the revitalizing blood stream to all
parts of the body. Mental emotion and
muscular activity demand an increased
supply of blood which is met, in part, by an
increase in the pulse rate. It is, therefore,
important to study in what manner the
heart meets the demands made upon it, how
soon it becomes fatigued, and how rapidly

A full size sample record from the cardiotachometer

it returns to its normal rate after the cessa-
tion of muscular activity.

In carrying out such fatigue studies it
was very desirable to have some technique
for accurately measuring the pulse rate of
the patient from moment to moment during
exercise. For this purpose, as pointed out
above, the electrocardiograph could not be
used. Researches along these lines con-
ducted by the Fatigue Laboratory at
Harvard University disclosed the fact that
the slow rhythmic electrical pulses, due to
the systole of the heart, contained a certain
“murmur’’ or higher frequency component
of the order of 30 cycles per second. The
magnitude of this murmur potential is very
small compared to that produced by the
primary systolic waves. Nevertheless, it is,
fortunately, peculiar to the systole of the
heart, and does not exist to any ap-
preciable extent in potentials developed
by the contraction of any of the voluntary
muscles.

Use is made of this phenomenon in the
cardiotachometer, or heart-beat counter,
recently developed by the General Radio
Company in collaboration with Paul S.
Bauer, Scientific Assistant at the Fatigue
Laboratory, Harvard University. This de-
vice contains a selective vacuum-tube
amplifier which responds only to this
“murmur” component of the systolic
waves and is quite insensitive to the pri-
mary waves due to the systole or to any
voluntary muscular contraction which, in
either case, would have a much lower fre-
quency than the murmur. In this manner, a
distinguishable impulse may be obtained
at each systole even though the patient be
exercising. This impulse consists of an in-
termittent train of waves of 30 cycles per
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second frequency which is subsequently
magnified and introduced into a ““pulse
amplifier” which, in turn, produces a single
direct-current pulse at each systole of the
heart. These direct-current pulses are then
used to drive one pen of a duplex syphon
recorder, while the other pen is operated
uniformly by a clock-driven mechanism,
the latter giving one impulse per second.
In this manner, by comparing the two
simultaneous records, an accurate and con-
tinuous timing of the heart rate is obtained.
A sample record is shown in Figure 2.

It is obvious that records made in this
manner may be used only for timing the
systole, and that the waveform traced by
the syphon pen which is energized by the
heart has no relation, as far as its shape is
concerned, to the primary waves obtained
with the electrocardiograph.

In order to pick up these muscular poten-
tials to the best advantage, two small dise
electrodes made of Monel metal and about
one inch in diameter are worn by the pa-
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tient. These are carried by individual
elastic belts and are in contact with the bare
chest, one below the left breast and the
other over the center of the chest as high as
the belt, passing under the armpits, will
permit. Such an arrangement places the
electrodes approximately along the “elec-
tric axis” of the heart where the maximum
systolic potentials are obtained. In order to
minimize the electrical resistance of the skin,
the areas of contact are well moistened with
soap lather before applying the electrodes.

The pulse rate may now be measured
with the patient standing, sitting, or reclin-
ing. He may run at various speeds upon a
treadmill, pedal a bicycle, or exercise on a
rowing machine, and while so doing, a con-
tinuous record of his pulse rate may be ob-
tained both during the exercise and the
subsequent recuperative period.

Through the courtesy of the Fatigue
Laboratory at Harvard University, we
show two interesting curves taken with the
General Radio cardiotachometer.

Ficure 3. The cardiotachometer with amplifiers, syphon recorder, timing device, and power-supply
accessories mounted on a castered table
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Ficure 4. The behavior of a dog while running at full speed on a special treadmill. The upper
curve was taken before the operation described below. The lower curve was taken after the
operation

Figure 4 illustrates the variation in the
pulse rate of a dog while running at a speed
of 10.7 miles per hour upon a motor-driven
treadmill. One curve shows the record for
the normal animal, while the other curve
shows the record of the same dog after com-
plete recovery from an operation removing

certain parts of the sympathetic nervous
system. With the normal dog, the initial
rise in rate is more rapid, reaching a con-
siderably higher figure, and gradually sub-
siding after the first minute. After the
operation, the rise in rate is seen to be much
slower and no reduction occurs during the
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Ficure 5. Three test runs made by a trained

athlete on a special treadmill for three different

rates of speed. The points marked “Stop” indicate the end of the exertion
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exercise. The recovery of the normal dog
after exercise is noticeably more rapid.

Figure 5 gives records obtained from an
athlete running at different speeds upon the
motor-driven treadmill. These curves are
self-explanatory. It is interesting to note
that the athlete’s heart rate increases while
he anticipates the exercise, an example of
natural accommodation.

While experimenting with this equip-
ment, the writer had an opportunity of
making some interesting psychological
tests to record the reaction of the heart rate
of children, ages five and seven, while listen-
ing to the reading of ““thrilling” fairy
stories. A distinet irregularity, sometimes
of acceleration and sometimes of decelera-
tion, was observed during emotional pas-
sages of the stories. What data were ob-
tained seemed to indicate that recovery to
their normal rate was less rapid in the case
of tales with which the children were thor-
oughly familiar than in the case of equally
thrilling stories which they were hearing for
the first time.

With the patient sitting quietly, a certain
interval of time is required, with children
at least, to become more or less unconscious
of the presence of the electrodes. It is be-
lieved, however, that while exercising, mus-
cular activity soon renders the patient
sufficiently unconscious of the presence of
the electrodes.

In addition to its application in fatigue
researches, the cardiotachometer is useful in
studying the time reaction of the heart to
drugs and other stimuli. Likewise, by sub-
stituting an electric buzzer for the recording
mechanism, arrangements may be made to
enable the physician or surgeon to listen to
the heart rate of the patient during treat-
ment or operations. It is possible that
equipment of this sort might prove of some
value as a ‘““lie detector” in criminal in-
vestigations.

Figure 3 shows the General Radio car-
diotachometer. All of the equipment is
mounted upon a castered table, thus mak-
ing it readily portable. The three-stage
amplifier unit utilizes special tuned 30-
cycle transformers as the interconnecting-
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coupling units. Such transformers serve not
only to eliminate low-frequency muscular
potentials, but they also reduce, to a large
degree, ordinary ‘‘background” potentials
of audible frequency. The amplifier unit is
followed by a small bridge-type oxide-
junction rectifier and finally by a single-
tube amplifier whose output plate current,
consisting of pulses of from one to 10
milliamperes magnitude, energizes one of
the pens of a newly designed duplex syphon
recorder.

The magnet coil operating this pen car-
ries two windings, through the second of
which is passed an adjustable direct cur-
rent, opposing or biasing the current pulses
from the amplifier. This electrical method
of adjusting the sensitivity and working
range of the pen has been found to be the
most suitable scheme for maintaining an
optimum record, as the potential from the
heart varies from time to time. These con-
trols, together with the various plate-
circuit and bias batteries, are contained in
the metallic cabinet housing the amplifier.

The second pen of the syphon recorder is
energized at one-second intervals by a
clock-driven key contained in a cabinet on
the lower shelf of the table. Provision is
made for omitting every tenth second from
the records in order to facilitate the count-
ing of the tapes. The two independent pens,
which are made from fine silver tubing and
which operate upon the syphon principle,
trace closely adjacent records upon stand-
ard 24-inch ticker tape, the magazine roll of
which is conveniently mounted in a drawer
in the base of this instrument. The timing
pen may also be separately controlled by
means of a hand-operated key, thus per-
mitting the tape to be marked for identifica-
tion of any particular occurrence during the
record.

The cardiotachometer shown in the illus-
trations was a model designed to be oper-
ated from a 110-volt direct-current source.
A charging panel on the end of the table
affords means for charging the storage
battery. A slight modification in the design
would render the equipment operative from
a 110-volt 60-cycle-current source.
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By Tue EpiTor

described by Mr. Lamson in this issue

of the Experimenter will undoubtedly
interest everyone who is concerned with the
applications of the thermionic vacuum tube
to non-communications uses, as well as
those who are working in the particular
field of biophysics where the instrument
itself might be used. The important ele-
ment in the new instrument is, of course,
the tuned amplifier which amplifies the
desired impulses and at the same time filters
out most of the extraneous ones.

As a result of its varied experience in the
development, design, and manufacture of
measuring instruments for the communica-
tions industries, the General Radio Com-
pany’s organization is peculiarly well
adapted for work in the rapidly developing
industrial field for vacuum-tube measuring
and control apparatus. The cardiota-
chometer is only one example of our present
interest and as information about new
problems becomes available, it will be
presented in the Experimenter.

It is our hope that Exzperimenter readers
will find such discussions as this of interest
to them and that, when they have a par-
ticularly knotty problem to solve, they will
give us a chance to assist. Our facilities are
available for help in every phase of the
manufacturing process: development, de-
sign, and production itself.

THE General Radio cardiotachometer

* ¥ k¥

The editing of a new catalog of General
Radio laboratory apparatus has been
completed, and the first copies are off the
press. Catalog F, as the new book is called,
replaces all previous issues, the two most
recent of which were the First and Second
Editions of Catalog E, issued in September
and December, 1928, respectively.

As a preliminary step in the distribution
of Catalog F, we made a careful survey of
the Experimenter mailing list and chose
from it the names of all persons whom we
believed would be interested in the uses
of General Radio laboratory instruments.
To each name in this latter group, we have
mailed Catalog F. If you would like to have

a copy and feel sure that you could make
good use of it, please feel free to ask us for
one. Be sure, however, to use your business
letterhead and mention what position you
hold with your firm, because we have found
it necessary to definitely limit distribution
of the catalog to laboratories, engineers,
and other users or prospective users of
General Radio laboratory apparatus.

Besides its regular line of laboratory
apparatus the General Radio Company
manufactures testing instruments, com-
ponents, and miscellaneous accessories for
the use of radio servicemen, public-address
men, sound technicians, custom set build-
ers, experimenters, and amateurs. For the
special use of these groups, an abridged
edition of Catalog I is now being prepared.
It will replace the present Bulletin 931, but
it will also describe our complete line of
meters and inexpensive general-purpose
testing instruments. Copies of this abridged
catalog will be mailed to everyone on the
Ezperimenter mailing list who has not
been sent a copy of Catalog F.

* ok ok ok

A unique feature of the two new General
Radio catalogs is the method for keeping
you in touch with new developments. The
General Radio Experimenter has, in the
past, described some of them, but we pro-
pose to send out catalog supplements,
which will give more detailed data than it is
possible to include in the Experimenter.
We are maintaining a record of your name
and address, so that these catalog supple-
ments can be mailed to you without delay.
The addressing-machine stencil from which
the mailing will be done is identical with
the stencil that addresses your copy of the
General Radio Experimenter. If, then, your
Experimenter is correctly addressed, you
may be sure that your name is correctly
listed on our mailing list for all catalog
supplements.

Please cooperate with us in our efforts to
keep you posted by notifying us promptly
of any change in address. As the Experi-
menter is now being mailed, the post office
will not forward it to your new address.

[6]
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When copies are returned to us, we imme-
diately remove the name from our mailing
list. It is essential, therefore, that you
notify us of address changes as far in ad-
vance as possible.

* ok ok %

On pages 28 and 29 of Catalog F are
described the series of Typr 214 Rheostats
and Potentiometers which are high grade
popularly priced units for use in high grade
experimental installations. Effective at
once all of those priced at $1.75 in Catalog
F carry a price of $1.50. The two items
priced at $2.00 in Catalog F are not
affected by this change.

* k¥ ¥ ¥k

Occasionally we receive inquiries from
readers who wish to maintain a regular
file of the Experimenter, as the result of
which we are interested in hearing from
anyone who has developed for his own use
or for the use of others a workable filing
and binding scheme. We are primarily

Jury, 1930 7

interested in methods which bind the
complete issue, because they are usually
much less complicated than those which
involve clipping. A number of suitable
binders are on the market, and we should
like to know whether readers who have
tried them have any particular preference
for one type as against another.

For our own use in the engineering de-
partment of the General Radio Company,
we use a simple three-ring binder, and this
seems to us to be entirely adequate. It has
been suggested that we allow a greater
binding margin on the Experimenter, and
we hope to make this possible in the near
future.

CONTRIBUTORS

An adequate sketch of Horatio W. Lam-
son, the author of the article in this month’s
Experimenter, was given in the June issue
of the Experimenter. The interested reader
is referred to page 11 of that issue for a
biographical note and a photograph.

The General Radio Experimenter is published
monthly to furnish useful information about the
radio and electrical laboratory apparatus manu-
factured by the General Radio Company. It is
sent without charge to interested persons. Re-
quests should be addressed to the

GENERAL RADIO COMPANY

CAMBRIDGE A, MASSACHUSETTS

RUMFORD PRESS
CONCORD, N. H.
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Take the
Guesswork out of Monitoring

.
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Theatres 4  Recording Studios
Broadcast Networks <+ P. A. Systems

With a Type 586 Power Level Indicator

LL high quality sound sys-
tems have maximum and
minimum volume levels that
cannot be exceeded. Low levels
emphasize background noise, 3
too high levels overload loud- T e
speakers, amplifiers, and other
terminal equipment and cause
cross-talk in adjacent chan-
nels. Correct levels are most O
accurately maintained by man- \Jor New Cararos F-X
- . s describes the power level indi-
ual control using a Type 586 cator. Request it on your
Power Level Indicator instead business letterhead and state
5 ] the position you hold with
of the operator’s ear as a guide. your firm, because distribution
is limited to laboratories, engi-
neers, and other prospective
users of laboratory measuring
instruments.

QALIBRATED FOR 800 OHM LINES
©

The Type 586 Power Level In-
dicator requires no batteries,

tubes or other replacement An abridged catalog for the use

of sound technicians, installers

parts. It is made in a portable
model and in a model for
mounting in a standard relay
rack.

of public-address systems, radio
service men, set builders, and
amateurs will be ready within
a few weeks. It, also, will de-
scribe the power level indicator.

Other GENERAL RADIO PRODUCTS

Calibrated Condensers, Inductors, and Resistors; Attenuation Networks
and Voltage Dividers; Frequency- and Time-Measuring Devices; Meters;
Oscillators; and a Complete Line of Accessories for the Laboratory

GENERAL RADIO COMPANY
CAMBRIDGE A, MASSACHUSETTS
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ACCURACY CONSIDERATIONS IN THE

USE OF

TUNED-CIRCUIT WAVEMETERS

By CuarrLes E. WorTHEN*

ROBABLY the most common

type of frequency standard is the

tuned-circuit wavemeter. The ac-
curacy of measurements made with
such an instrument depends not only
upon the accuracy rating of the wave-
meter itself, but upon a number of
other factors as well, all of which should
be considered in determining the ulti-
mate accuracy.

The precision of setting of a wave-
meter is as a rule somewhat greater
than its rated accuracy. As a specific
example, consider a low-frequency
wavemeter of the General Radio pre-
cision type with a 2500-division scale,
settings of which can be duplicated to
within one tenth of a division. The con-
denser used in this instrument has a
minimum capacitance of about 50 uuf
and a maximum of 1500 uuf.

If we arbitrarily fix the lowest useable
scale reading as 100 divisions, it would
appear that this wavemeter could be
set to one part in 1000 at the low capac-
itance end and one part in 25,000 at
the high capacitance end. Since the
capacitance of the condenser varies
uniformly with scale setting, and fre-

* Engineering Department, General Radio
Company.

quency varies as the square root of
capacitance, we could set to one part
in 2000 or 0.05 per cent. in frequency at
one end and to one part in 50,000 or
0.002 per cent. at the other end.

Actually, the sharpness of the tuned
circuit and the characteristics of the
thermogalvanometer resonance indi-
cator determine the ultimate precision
of setting. At the high capacitance end
of the scale, the top of the resonance
curve covers about 5 divisions and at
the lower end about 0.5 division. Con-
verting these values to frequency, the
width of the peak is from 0.1 to 0.2 per
cent. By setting to the center of the
peak a precision of about 0.05 per
cent. can be realized. By using the in-
cremental capacitance method T to ob-
tain the resonance indication, the pre-

T James K. Clapp, “Improving the Precision
of Setting in a Tuned-Circuit Wavemeter,”
General Radio Experimenter, 1V, September,
1929. This issue is now out of print. The method
referred to involves the use of a small condenser
which may be shunted across the main tuning
condenser by means of a push button. The wave-
meter is adjusted until the resonance indicator
gives the same deflection when the incremental
capacitance is in or out of circuit. In other words,
the operation of the push button spans the res-
onance peak. This method of setting is used on
the General Radio Type 624 Precision Wave-
meter. — EDITOR.

1]
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cision of setting can be increased to one
part in 20,000 or 0.005 per cent.*

The rated accuracy of the wave-
meter is not as high as these figures
would indicate. This is due to possible
errors in calibration and to aging of the
tuned circuit. Although extreme care is
used in calibration, some errors are
bound to occur in setting the driving
oscillator to the frequency standard
and still others in setting the wave-
meter to the driver. A third source of
error is the plotting of the calibration
curves. If all these errors are cumula-
tive (which is quite possible) the ac-
curacy to within which the wavemeter
can be guaranteed is materially re-
duced.

After the wavemeter is calibrated,
the constants of the tuned circuit are
subject to some drift due to aging
effects in the materials of which it is
constructed. Over a period of one year
this may amount to as much as 0.1 per
cent. The effect of temperature on the
tuned circuit is of considerable magni-
tude, and in a high-precision wave-
meter (guaranteed to 0.1 per cent.)
special construction or a temperature
correction must be used

If a metallic body is placed in the
field of a wavemeter inductor, its
effective inductance may be materially
changed, and the ecalibration is no
longer correct for the conditions under
which it 1s used. Similarly, the capaci-
tance of near-by objects will affect the
frequency of an oscillator. When a
wavemeter is placed near an oscillator,
both effects occur: the wavemeter
changes the oscillator frequency and
the presence of the oscillator affects
the wavemeter. Whether or not these
changes are large enough to appre-
ciably affect the accuracy of the meas-
urement depends on the conditions
under which the measurement is made

* The precision is inversely proportional to the
figure given, that is, the lower the percentage
figure, the higher the precision.

and may best be determined by ex-
periment.

Even when the capacity effects just
mentioned are negligible, another error
may occur, due to “‘transformer ac-
tion.”” The coils of the oscillator and
wavemeter act as the primary and
secondary windings of a transformer,
and the impedance of the wavemeter is
reflected into the oscillating circuit.
The magnitude of the reaction depends
on the L/ ratios of the two circuits
and the value of coupling between
them. When the wavemeter is set to
resonance, the impedance reflected
into the oscillating circuit is purely re-
sistive, and the change in oscillator fre-
quency thus produced is negligible. If
the wavemeter is not in resonance, the
reflected impedance has a reactive com-
ponent, and the frequency of the oscil-
lator is materially changed.

As the capacitance of the wavemeter
condenser is varied through resonance,
the frequency changes as shown in the
accompanying diagram, where the zero
axis represents the frequency of the
oscillator before the wavemeter is
coupled to it.T The point at which this
curve crosses the axis is the setting at
which the wavemeter is in resonance
and this setting should be used i enter-
ing the calibration chart.

The frequency change shown in the
diagram can be detected by listening in
a heterodyne detector as the wave-
meter condenser is varied. If the heter-
odyne is set to zero beat with the wave-
meter far from resonance, then as the
wavemeter is tuned, the beat note will
rise and then fall to zero twice. The
direction of the beat-frequency change
cannot, of course, be detected.

With a given wavemeter and oscil-
lator and a given degree of coupling
between them, the magnitude of the
change is entirely independent of the

t This discussion assumes that the oscillator

is uncontrolled, that is, that its frequency is
determined by the reactance of its tuned circuit.
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oscillator power. The higher the power
of the oscillator, however, the smaller
the degree of coupling necessary to
produce a given deflection on the ther-
mogalvanometer.

When the wavemeter is coupled to a
controlled oscillator or to the output
of a power amplifer, these effects are
usually negligible. The capacitance
effect of the presence of the oscillator
or power amplifier upon the wavemeter
is, however, still present.

When using reaction methods of res-
onance indication, the point of maxi-
mum reaction is where the greatest
frequency shift occurs, so care should
be taken to make the reaction as small
as possible or else the setting should be
made by listening to the beat note as
outlined above.

In making frequency measurements
with a wavemeter, if no care is taken
to eliminate or minimize the various

Avcusr, 1930 3
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WAVEMETER CONDENSER SCALE —>
Ficure 1. Reaction of a wavemeter upon the
frequency of an oscillator to which it is coupled

effects which have been discussed, the
best accuracy which can be realized is
about 0.5 per cent. but if due attention
is given to them, the rated accuracy of
the wavemeter can be reached. Even
then the “rated accuracy ™ may be of a
materially lower order than the per-
centage precision with which one is
able to read the scale.

PRECIBION WAVEMETER
et -
GENERAL RADID 90

e

18-900 METERD

Ficure 2. A General Radio wavemeter of the precision
type referred to in this article. The condenser is driven
by the micrometer control handle at the right, one com-
plete turn of which revolves the condenser through 1/25

of a semicircle. The micrometer shaft carries an accurate
100-division scale, so that any desired setting of the condenser can be duplicated
to within at least one part in 2500. Besides, tenths of divisions can be estimated
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SIMPLIFIED SENSITIVITY

MEASUREMENTS FOR

THE RADIO SERVICE MAN

By CuarLes T. Burke*

ARDSTICKS for the evaluation

of radio receivers have come into

general use. In the research lab-
oratory where new designs are de-
veloped very elaborate systems of
measurement have been set up, cover-
ing every feature of receiver perform-
ance.t Simplified tests are also in use
on the production lines, where the per-
formance of every set may be checked
against the specifications determined
by the development laboratory. There
has been, however, no general means
available for a performance check in
the field. To a limited extent the
methods used in the development
laboratory have been applied to field
checks by some of the larger organiza-
tions, but these methods are not gen-
erally suited to service testing.

* Engineer, General Radio Company.

t 1. R. E. Yearbook, 1929, pp. 106-128. See also
Charles T. Burke, “The Standard-Signal Method
of Measuring Receiver Characteristics,” General
Radio Experimenter, IV, March, 1930.

It is recognized that a sensitivity
measurement serves as an excellent
indication of the receiver performance.
Any serious fault in the receiver will
be accompanied by a loss of sensi-
tivity as compared with standard per-
formance. The usual method of meas-
uring sensitivity is illustrated in Figure
1. A modulated source of radio fre-
quency is connected to the receiver
through a dummy antenna. The power
output of the receiver is measured in a
standard output circuit. The magni-
tude of signal voltage required to give
equal output power under standardized
measuring conditions is of course a
measure of the sensitivity of the
receiver.

A number of simplifications may be
made in the procedure outlined above
to make it more suitable for service
testing. A test-signal generator for serv-
ice testing should be easily portable
and all unessential adjustments should
be eliminated. It is also desirable that

RECEIVER [ .
UNDER

TEST METER

DUMMY
ANTENNA

|
' || woowanwe |—d madio-rrequency ]  memmocoure
| OSCILLATOR OSCILLATOR AMMETER
I INTERNAL FREQUENCY CALIBRATED IN
oR ADJUSTABLE MICROVOLTS
[ | EXTERNAL 1
'

STANDARD - SIGNAL GENERATOR

|

Ficure 1. Component parts required for the standard-signal method of measuring sensitivity as
recommended by the Institute of Radio Engineers. Above: an outline chart. Below (left to right):
Tyre 377-B Low-Frequency Oscillator for supplying external modulation; Type 403-C Standard-
Signal Generator; Type 418 Dummy Antenna; receiver under test; and Type 486 Output Meter

[4]
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the instrument be alternating-current
operated in order to avoid the necessity
of carrying batteries for it.

Thorough- shielding is a further re-
quirement for any instrument with
which comparative sensitivity meas-
urements are to be made:; otherwise
differences in shielding of the receivers
will introduce wide variations. The
shielding must, of course, also include
complete isolation from the alternating-
current line if the receiver under test is
also alternating-current operated. An
adequate test-signal generator should
provide a modulated radio-frequency
voltage continuously adjustable in fre-
quency and constant in amplitude over
the broadcast range. It should also pro-
vide means for changing its output by
definitely known amounts. This last
requirement involves the design of an
attenuator or voltage divider which will
be accurate at high frequencies and
also requires careful shielding of the
instrument.

The uses of such a test-signal gen-
erator are numerous. It can be used on
the demonstration floor to compare the
sensitivity of different receivers, always
extremely difficult to do under store
conditions by other means. It is in the

Avucust, 1930 5

field of receiver servicing, however, that
the test-signal generator has its greatest
usefulness. Being easily portable, it can
be taken to the job and with its assist-
ance, the service man can immediately
determine whether or not a real diffi-
culty exists in the receiver. He can also
isolate receiver troubles from troubles
due to local conditions or to antenna
and ground installation. If the trouble
is in the receiver, the test-signal
generator provides an immediate check
on the efficacy of the means taken to
remedy the defect, since the restoration
of the receiver to normal sensitivity
can be interpreted as a successful cure.
This use of the generator permits the
making of all kinds of minor adjust-
ments of the receiver on the owner’s
premises and eliminates unnecessary
transportation of the receiver to the
shop. The test-signal generator is also
used in the customary neutralizing and
aligning adjustments where a source of
modulated radio-frequency voltage is
required.

The General Radio Company has
been working for a considerable period
on the development of a test-signal
generator which will fulfill the require-
ments outlined above. The result of

[_ !
l |
I MODULATION RADIO - FREQUENCY OSCILLATOR l FECEVER
P S v
I 4 rRoM FREQUENCY ADJUSTABLE STEPPED I FeRil ouTPUT
CER-SUFPY —— ATTENUATOR METER
| RIPPLE OUTPUT INDEPENDENT OF I TEST
| FREQUENCY b I
l }
L TEST-SIGNAL GENERATOR =

Ficure 2. Component parts required for the simplified sensitivity measurement described in this

article. Above: an outline chart. Below (left to right): TyrE 404 Test-Signal Generator; receiver under

test; and Typr 486 Output Meter. Note the similarity between this and the arrangement shown on
the opposite page
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this development is the Tyre 404 Test-
Signal Generator. It consists of a con-
stant-output vacuum-tube oscillator
modulated by the rectifier ripple, and
an attenuator, together with a power-
supply transformer and rectifier.

The attenuator is carefully designed,
and well shielded. The value of the
instrument in making comparison de-
pends entirely on the accuracy of the
attenuator, and this portion of the
circuit has, therefore, received particu-
lar attention. The attenuator has
voltage ratios of 1, 2, 5, 10, 20, 50 and
100: a range that will include all
modern types of receivers. An addi-
tional set of terminals provides an out-
put of about 0.1 volt for making
neutralizing and aligning adjustments.
The error in attenuator ratios is less
than 5 per cent. for adjacent ratios,
and the cumulative error in the entire
attenuator does not exceed 20 per cent.
This means that the instrument will
compare the sensitivity of two similar
receivers with an accuracy of 5 to 20
per cent.

The absolute value of the output
voltage may vary, due to aging of tubes
or to changes in line voltage. The
change in output due to line voltage
variations 1is approximately propor-
tional to the change in line voltage and
may be corrected for, if the line voltage
is measured.

The input to the attenuator is ad-
justable and is correctly set at the
factory. Where facilities are available
for setting the input voltage to the at-
tenuator from time to time, correction
can be made for changes in tube con-
ditions. The total voltage attenuation
from the point of adjustment to the
lowest output point is 1:100,000. The
oscillator is so designed that the output
voltage is nearly constant over the en-
tire frequency range. The voltage varia-
tion is less than plus or minus 5 per cent.

The test-signal generator is entirely
alternating-current operated. This fea-

ture requires considerable care in the
design of the instrument, in order to
keep radio-frequency currents out of
the line. Since the radio receiver is
usually operated on the same line as the
signal generator, any leakage into the
line would be picked up in the receiver.
A careful study of this problem has re-
sulted in filtering in the line input to
the generator, such that the receiver
and the signal generator can be oper-
ated from the same socket without
interference.

It should be emphasized that the
test-signal generator does not give an
absolute reading of sensitivity in mi-
crovolts. So many factors affect such
readings that even a laboratory in-
strument may be 10 per cent. in error
in absolute value. The Typr 404 Test-
Signal Generator has a series of relative
output figures, and is primarily de-
signed for comparative work, either
against a standard, or as a straight
comparison between two sets. The com-
parison does not have to be made at
the same input level to the receiver,
however, since the ratio between the
output at various steps is indicated.
The range of the instrument is of the
order of 10-1000 microvolts, with an
additional 100,000-microvolt terminal.
The leakage is equivalent to about 2
microvolts.

In using the test-signal generator for
making sensitivity measurements, it
should be borne in mind that a number
of simplifications have been made in

Ficure 3. Wiring diagram for the Typr 404
Test-Signal Generator
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this instrument to make it best adapted
to the requirements of receiver serv-
icing. These simplifications in the
test method are such that the meas-
urements obtained with the test-
signal generator cannot be compared
with those obtained by other methods
of measurements, such as the standard
sensitivity test outlined by the Insti-
tute of Radio Engineers and generally
used in development laboratories. The
modulation in the test-signal generator
is obtained from the rectifier ripple and
1s not adjustable either in frequency
or in percentage. Readings taken with
the test-signal generator are, however,
comparable among themselves. If re-
ceivers of the same type are being
compared, the generator can be con-
nected directly to the antenna-ground
posts of the receiver. If the receivers of
widely differing types of input circuit

Avcusr, 1930 7

are being compared, it is desirable to
use a blocking condenser of about
100 puf capacitance between the gen-
erator and the receiver under test.
The sensitivity of a receiver is measured
in terms of the radio-frequency voltage
iput required to give a certain output
power. Of two receivers delivering the
same power to the speaker circuit the
more sensitive is, of course, that which
requires the smaller input voltage. The
general practice is to substitute for the
speaker a suitable resistance load and a
means for measuring either the current
through or the voltage across it. A
convenient value of output power is
selected (50 milliwatts is often used
because it is the Institute of Radio
Engineers’ standard) and the input
from the signal generator adjusted to
give this value of output for all the
receivers measured.

MISCELLANY
By THE EpiTor

E are publishing Mr. Worthen's

precautions for the use of a

tuned-circuit wavemeter in the
hope that it will dispel one of the
common misapprehensions that are
held by many users of precision wave-
meters. This question has become
serious since the announcement of the
new Typg 423 Vacuum-Tube Oscillator
which enables the user to convert his
General Radio Type 224, 224-A, or
224-1. Precision Wavemeter into a
heterodyne wavemeter. The greatly
increased precision of setting which
one can obtain by listening to the beat

note has led many people to assume
that they were making much more
accurate measurements.

The point is that the frequency
stability of a heterodyne wavemeter
is no better than the stability of
the tuning ecircuit with which it is
associated. A heterodyne wavemeter
may enable one to minimize the error
in setting a given unknown oscillator
to a desired frequency, but the re-
liability of that heterodyne wave-
meter as a standard of frequency is
no greater than the reliability of its
tuned circuit.

The General Radio Experimenter is published
monthly to furnish useful information about the
radio and electrical laboratory apparatus manu-
factured by the General Radio Company. It is
sent without charge to the business address of
interested persons. Requests should be made on
your business letterhead and addressed to the

GENERAL RADIO COMPANY
CAMBRIDGE A, MASSACHUSETTS
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A Service-Testing Oscillator
of Radically New Design

Type 404 Test-Signal Generator

JERVICE engineers from progressive radio manufacturers have repeatedly
L) asked for a simplified method by means of which the individual service-
man could make sensitivity measurements. The Type 404 Test-Signal
Generator is the answer.

The new instrument is the ideal oscillator for the serviceman. It delivers
a modulated voltage of known magnitude at any point in the broadcast band,
and with its help defects can be localized which without it would require
time-wasting cut-and-try methods. It replaces the unreliable listening test
with an actual, readily duplicated measurement.

In addition, it performs all of the usual functions of the simple oscillator
in making neutralizing and aligning adjustments.

The engineers who designed the test-signal generator studied the service-
man’s requirements from every angle to make sure that no neglected detail
would mar its perfect performance. Each individual instrument is given a
thorough check in the laboratory to make sure that it is as good as the
originaT design.

See this issue of the Experimenter for a discussion of test-signal generators
in general and the Type 404 in particular. It will be cataloged in a new
bulletin for the serviceman which will be mailed to all serviceman readers
of the Experimenter on September 15.

Price, $95.00
GENERAL RADIO COMPANY
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CAMBRIDGE A, MASSACHUSETTS

PACIFIC COAST WAREHOUSE: 274 BRANNAN STREET, SAN FRANCISCO, CALIFORNIA
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ELECTRICALLY-DRIVEN TUNING FORKS
By HoraTio W. LLamMson*

SumMARY — The choice of a particular type of tuning fork depends largely upon the
requirements of the problem at hand and upon the degree of frequency stability desired.
Simplest and least precise are the contact-driven forks which, however, are capable of
supplying considerable power output of approximately square-top waveform. When a
sinusoidal output of good precision is desired, as, for instance, in the case of a tone
source for bridge measurements, the single microphone drive serves admirably well.
Still greater precision, more power, and purer waveform are to be had from the some-
what more complicated double-button fork. A high-precision standard demands the use
of a freely vibrating fork, such as is exemplified by the vacuum-tube-driven type. The
ultimate in precision so far attained is to be found in the freely vibrating fork with
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suitable provision for eliminating its temperature error.

NY simple vibrating mechanical
system possesses a definite and
constant period of vibration.

Such a system may be used either as a
standard of frequency or as a standard
of time, if all of the individual factors
governing the frequency of the system
remain constant. These factors are,
principally, the physical dimensions of
the system and the amplitude and
decrement of its vibration.

Consider, for example, the simple
pendulum. Its frequency is inversely
proportional to the square root of its
length and decreases slightly with an
increase in amplitude of vibration.
This amplitude error is due to the fact
that when the pendulum is displaced,
the restoring force, gravity, is no longer
parallel to the line between the point of
support and the center of the bob. The
error increases proportionately with
amplitude.

If the pendulum bob is displaced and

* Engineer, General Radio Company.

allowed to swing freely, it will execute
a damped vibration. The frequency
will continuously increase until it
finally comes to rest. The less the damp-
ing, the less the amplitude change per
cycle, and the more nearly constant
will be the instantaneous value of the
frequency. If we wish to maintain
constant amplitude, we must effec-
tively eliminate the damping by sup-
plying the pendulum continuously or at
uniform intervals with a sufficient
amount of energy to offset all of the
losses. This is accomplished in the
ordinary clock by means of the spring-
driven escapement mechanism.

The essential features for constant
frequency of the pendulum are, there-
fore: (1) constant mechanical dimen-
sions, (2) minimum amplitude of
vibration, (3) minimum damping of
vibration, (4) reception of sufficient
power at each cycle from an external
source to overcome damping.

The tuning fork is likewise a vibrat-

i
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ing system subject to the same fun-
damental laws of frequency control.
It consists usually of a U-shaped bar
having a rectangular cross-section.
When vibrating in its fundamental
manner, the ends of the tines possess a
maximum motion transverse to their
length and in the plane of the fork.
This transverse motion decreases con-
tinuously along the tines and becomes
zero at the heel of the fork where the
vibration occurs in a direction along
the tines, because as the tines vibrate,
their center of gravity is moved slightly
to and fro in a direction along the tines
with a frequency equal to twice that
of the fork. In the tuning fork the
amplitude error is due to the fact that
when the tine is deflected the restoring
force is not perpendicular to the axis
of the tine.

In addition to the four requirements
for constancy in the pendulum, the
fork requires another: (5) The two tines
must be exact mechanical duplicates
and have equal amplitudes and damp-
ing.

Tuning forks have been used for
many years as standards of pitch.
The frequency is approximately in-
versely proportional to the square of
the length of the tines and roughly
proportional to the thickness of the
tines in the plane of vibration. The
dimension of the tines perpendicular
to the plane of vibration has practically
no effect upon the frequency. When
used as a standard of musical pitch,
a fork is ordinarily struck a single blow
and allowed to execute a damped
vibration. The slight change in fre-
quency during damping is negligible
from a musician’s standpoint.

If, however, the tuning fork is to be
used as a high-precision standard of
frequency, it must obviously receive
continuous excitation from an external
source. Such excitation might be purely
mechanical in nature, analogous to the
escapement of a clock, but the form and

motion of the tuning fork renders it
particularly favorable to magnetic
excitation, if the fork is constructed of
magnetic material and is subjected to
a series of magnetic pulses approximat-
ing the natural frequency of the fork.
If, furthermore, these energizing pulses
are in some manner synchronized by
the motion of the fork itself, then the
fork will become oscillatory at its
natural frequency. We propose to dis-
cuss various methods by which this
self-synchronized energizing of the
fork may be accomplished.

A tuning fork intended to be used
as a frequency standard would not be
designed to furnish directly any great
amount of acoustic energy since to do
so would necessarily increase its damp-
ing. Obviously, if the fork is to be elec-
trically driven an unlimited acoustic
output may be obtained indirectly
by means of vacuum-tube amplification.

In passing it may be noted that the
frequency of all types of forks may be
initially calibrated to a predetermined
value by grinding the free ends of the
tines. The natural frequency of a fork
may be varied by means of adjustable
weights on the tines. Great care must
be exercised, however, to keep the tines
symmetrically loaded. Loading is not
to be recommended for forks of the
highest precision.

Contact Drive — The earliest attempt
at self-synchronized electrical driving
of the tuning fork followed the principle
of the ordinary electric bell or buzzer,
and constituted the so-called contact-
driven fork. Figure 1 shows a schematic
diagram and Figure 2 a photograph
of a fork of this type. Each tine of the
fork is attracted outwardly by an
electromagnet . One tine of the fork
carries a flexible spring O which makes
contact with a stationary adjustable
contact point P during a portion of the
cycle when the tines of the fork are
bent inward. This contact closes the
battery circuit through the magnets



S10DIAYD J0 £5934n00) 1y @

Vor. V, No. 4

[m‘???_ ] kebod ]
joh
bl

Ca
_“_f
TO -« =
EXTERNAL =
CIRCUIT

Ficure 1. A contact-driven fork (schematic)

D, thusenergizing them and drawing the
prongs outward, which in turn serves
to break the contact and deénergize
the magnets. The released prongs then
spring inward by virtue of their elas-
ticity, thus reéstablishing electrical
contact between P and 0. This cycle is,
of course, repeated with the frequency
of the fork. The energy necessary to
overcome the damping of the fork
consists of the magnetic pulses im-
parted at each cycle of the tines and
comes from an external source, the
battery. The amplitude of vibration
of the tines depends, among other
things, upon the duration of the ener-
gizing pulses, that is, the duration of
the contact between P and 0. If this
interval is less than one-half of one
cycle, the amplitude may be kept rela-
tively low, but the fork cannot be self-
starting.

One of the principal uses of the tun-
ing-fork standard is to supply a pulsat-
ing or an alternating current having
a standardized frequency equal to that

SEPTEMBER, 1930 3

of the fork, or some integral multiple
or sub-multiple thereof. By adding a
second contact point and springs ¢ and
S, interrupted current may be supplied
to an external circuit in the manner
shown. The relative duration of the off
and on periods are controlled by the
adjustment of @ with respect to S.
Frequently, two contact points @ are
supplied, one on each side of S. Such
an arrangement gives an interrupted
current having twice the frequency of
the fork. The two condensers (', and (s
are for the purpose of suppressing
sparking at the contact points.

The contact-driven fork provides a
simple and moderately precise stand-
ard. If it is necessary to deliver rela-
tively large amounts of energy directly

Ficure 2. A contact-driven fork
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Fieure 3. Single-button microphone-driven fork

from a fork, the two contacts  and S
are required, and therefore such a fork
might as well be of the contact-driven
type. This type has, however, some
inherent defects which seriously handi-
cap its use as a high-precision standard :

1. With a proper design of the con-
tacts, the output-current wave may
closely approximate the square-top
form. If anything even approximating
a simple sinusoidal wave is desired,
considerable doctoring of the output
circuits is necessary.

2. To obtain a satisfactory action of
the contacts, a relatively large ampli-
tude of vibration of the tines is required.
This, we have seen, is not conducive
to the highest precision of frequency.

3. The intermittent mechanical con-
tact between the vibrating springs and
the stationary points adds considerable
damping to the motion of the tines,
which likewise lowers the frequency
stability. If the damping of the two
tines becomes unsymmetrical due to
inequality of the contact adjustments,

further complications arise which make
the fork less stable in its operation.

4. Minute physical changes in the
contact members due to wearing, heat-
ing, etc., may alter the time intervals
of magnetic energization, thereby
changing the amplitude, and hence
the frequency of vibration.

5. Contact points, even when well
designed, are apt to be erratic in opera-
tion, since they are subject to wear,
and, even with the use of condensers,
suffer a certain amount of pitting due
to sparking. They must be cleaned and
readjusted at frequent intervals, which
results in a possible change of adjust-
ment and driving frequency.

Single-Microphone Drive — Some of
the difficulties of the contact-driven
fork are partially overcome in the
microphone-driven fork shown sche-
matically in Figure 3 and pictorially in
Figure 4. On one tine of the fork is
mounted one electrode of a carbon-
button microphone M ; the other elec-
trode, being an integral part of the
housing shell, is supported through a
spring within a stationary protective
metallic cup. Any vibration of the tines
will jar the microphone and thus cause
a synchronous fluctuation of the bat-

Ficure 4. General Radio Type 213-C 400-cycle
Audio Oscillator, a typical single-button micro-
phone-driven fork



s o s ns [

Vor. V, No. 4

tery current through it and the primary
of the transformer 7. The secondary
current from this transformer passes
through a condenser C,, a portion of
the primary of the transformer 7%,
and the driving coil D, so that the lat-
ter will supply magnetic pulses to the
fork to compensate for its damping
losses, thus maintaining a continuous
vibration at some fixed amplitude and
frequency. The condenser (', serves
to obtain the proper phase relation
between the driving current and the
synchronous vibration of the micro-
phone. The whole of the primary of
T, is tuned electrically by means of the
condenser (', to the natural frequency
of the fork, thereby purifying the out-
put waveform. A tapped secondary of
T, enables various output voltages to
be obtained. In order to prevent the
tines from being energized at double
frequency, they are magnetically po-
larized by a steady current from the
battery passing through a shunt circuit
comprising the coil P which surrounds
one tine of the fork.*

This fork is free from contact trou-
bles and may be operated with a
much smaller and more constant ampli-
tude and decrement and has, therefore,
a more nearly constant frequency than
the contact-driven fork. Furthermore,

Ficure 5. A double-button microphone-driven
fork. Note the heavy brass inertia caps which
house the microphone buttons

* This is the system used in General Radio
Tyre 213 Audio Oscillators, a more extensive
analysis of which will be found in an article by
Charles E. Worthen, “A Tuning-Fork Audio
Oscillator,” General Radio Experimenter, 1V, 11,
April, 1930.
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Ficure 6. A double-button microphone-driven
fork

it is capable of supplying directly a
sinusoidal electrical output in which
the harmonic content does not exceed
8 per cent. of the fundamental for
ordinary resistive loads. However,
owing to the fact that the total avail-
able output of the single-microphone
button must be divided between the
driving coil and the output load, the
available output power is necessarily
limited to about 50 milliwatts.
Double-Microphone Drive — In order
to increase the available output, it is
quite practicable to mount a micro-
phone on each tine of the fork, giving
the double-button type (see Figures
5 and 6). Battery current passes
through the driving microphone 3,
and a portion of the auto-transformer,
T'.. The full output of this transformer
passes through the condenser C'; and
the driving coil D which energizes
the tines in synchronism with their
natural frequency and thus supplies
the energy to overcome all damping.
(', serves the dual purpose of properly
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Ficure 7. A schematic diagram for a vacuum-
tube-driven fork

phasing the driving current and provid-
mg a blocking condenser for direct-
current potential. The necessary polar-
1zing current passes through the same
winding ) and the choke L and may
be adjusted to the proper magnitude
by means of the resistance R. The out-
put microphone M, is energized by the
same battery and feeds the output
circuit through transformer 7. having
a tuned primary and a tapped second-
ary, as previously described.
Obviously, this arrangement is capa-
ble of delivering considerably more
power than the single-button type.
It possesses another distinct advantage
in that both tines of the fork are sym-
metrically loaded and damped. This
gives a purer wave and one more
stable in power output and frequency.
In order to further enhance the sym-
metry of the tines, the microphones
are not supported from the rear
through springs which are difficult to
adjust and maintain as exact mechani-

cal duplicates. Instead, inertia-type
microphones are used suspended wholly
from the tines, electric contact being
obtained through light pigtail connec-
tors of negligible mechanical effect.
To improve this inertia action, the
microphones are loaded with carefully
designed inertia caps seen in the photo-
graph.

Vacuum-Tube Drive — The double-
button fork achieves many of the five
enumerated requirements for a preci-
sion tuning-fork standard. Owing, how-
ever, to unavoidable variations in the
stiffness and reaction of the diaphragm
of the microphone buttons, as well as
small shifts in their center of gravity
due to the loose carbon granules, per-
fect symmetry in the loading and
damping of the tines cannot be main-
tained.

The obvious solution of this difficulty
would be to employ a system in which
the tines of the fork are unloaded,
fashioned in a simple form with extreme

Frcure 8. A 60-cycle vacuum-tube-driven tuning
fork. The two lower pairs of magnets are the
drivers
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precision, and allowed to vibrate with-
out any physical contact. These
conditions are attained in the vacuum-
tube-driven tuning fork. The funda-
mental principles of one method for
driving such a fork are indicated in the
schematic diagram (see Figure 7).
Vibration of the tines induces a
potential in the “grid” winding G
which is suitably polarized by a wind-
ing K, the latter being in a circuit
comprising a battery, a choke L, and
an adjustable resistance R;. The po-
tentials thus induced in G are applied
to the grid of a vacuum tube VT,
known as the “grid” tube, which, in
turn, is coupled to a second tube V7T,
by the elements L., (;, and R.. The
output of the “drive” tube VT, is
consumed in the driving coil D which

“

%

Ficure 9. A fork similar to that shown in Ficure
8 mounted in a temperature-controlled com-
partment
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vibration. It will be noted that this
driving current (and hence the mag-
netic pulses) are polarized also, i.e.,
are pulsating rather than alternating
in character.

Although not apparent in the draw-
ing, the two separate windings ) and
GE are so arranged that there is no
magnetic coupling between them. We
have, therefore, a regenerative ampli-
fier system in which the feedback agent
consists of the mechanical motion of
the tines. The latter being entirely free,
the fork vibrates at a frequency very
close to its natural period and provides
thus a high-precision standard.

The adjustment of the parts and the
operating parameters of the tubes may
vary the amplitude and hence the fre-
quency of the fork to a very slight
degree. Proper manipulation of these
controls enables the precise adjustment
of the frequency to some predetermined
value with a much greater precision
than can readily be attained by grind-
ing the ends of the tines.

In order to realize a negligible reac-
tion of the output load upon the drivin3
circuits, a small portion of the output
voltage of the drive tube 1"T, is applied
through members (s, R;, and R, to the
grid of one or more amplifier tubes 1" 7.

An example of the vacuum-tube-
driven fork is seen in Figure 8. In
order to minimize the damping on the
fork, a special mounting is provided for
the heel which is somewhat elastic in a
direction along the tines. This reduces
the amount of vibrational energy
transmitted to the support base and
hence the damping.

A tuning fork of this type has such
a high precision that, if the fork is
fashioned from homogeneous high-
grade tool steel, the greatest source of
error ordinarily consists of the tempera-
ture coefficient of frequency (due to the
elongation of the tines with tempera-
ture) which is of the order of one part
in 10,000 per degree C. Their precision



]
5
o
£
3
@
=
a
%
z
S
P

8 TuE GENERAL RApio EXPERIMENTER

may, therefore, be improved by em-
ploying one or both of the following
methods:

1. Construct a bimetallic fork, the
heel and lower part of the tines being
of one material and the outer part of
the tines of another material, so chosen
and proportioned that the fork, as a
whole, possesses a much smaller tem-
perature coefficient.

2. Enclose the fork in a thermostat-
ically-controlled constant-temperature
compartment.

An example of the latter procedure
is seen in Figure 9. The multi-walled
compartment is shown open with the
fork unit, similar to Figure 8, located
therein.

In this particular arrangement of
a temperature-controlled tube-driven
fork, the temperature could be kept
fixed within 0.1° F., and, as a result,
the frequency of the fork could be
maintained accurately constant to the
order of one part in 100,000. Such a fork
was used to drive a synchronous-motor-
driven clock so that the fork was
actually a time-keeping device. The
above-mentioned precision corresponds

to better than one second per day in
this time-keeping system.

Other Free-Fork Methods — The high
precision obtainable by the use of a
freely vibrating fork may be accom-
plished in other ways, as, for example,
by employing an electrostatic rather
than an electromagnetic pickup.

A condenser is formed having one
stationary electrode and one moving
electrode which is the vibrating tines.
A steady polarizing potential is applied
to this condenser so that a variation in
its capacity produces pulsating cur-
rents which may be amplified to drive
the fork electromagnetically.

The selection of a fork for a particu-
lar purpose is somewhat determined by
the desired frequency. Forks having
from a few cycles up to several hundred
cycles per second may readily be con-
tact-driven. Single-button forks have
been constructed in the General Radio
Company’s laboratories covering a
range of from 400 to 1500 cycles and
double-button forks, from 300 to 2500
cycles. With proper design, vacuum-
tube-driven forks may be made to cover
at least the audible-frequency range.

MISCELLANY
By Tue EpiTor

have not received the popular
attention they deserve, although
many foreign investigators believe that
tuning forks can be more stable than
quartz plates and bars. We feel that
there is a field of usefulness for the

IN America tuning-fork oscillators

tuning fork which should not be over-
looked.

All of the illustrations for Mr.
Lamson’s article are from typical tun-
ing forks which have been built and
operated in the laboratories of the
General Radio Company.

The General Radio Experimenter is published”
monthly to furnish useful information about the
radio and electrical laboratory apparatus manu-
factured by the General Radio Company. It is
sent without charge to interested persons. Re-
quests should be addressed to the

GENERAL RADIO COMPANY

CAMBRIDGE A, MASSACHUSETTS

RUMFORD PRESS
CONCORD, N.H.



B0 DIIMYD JO A533ano)) Ay

2 he (Ge

Exp

Vor. V, No. 5

Radio
neer

OcToBER, 1930

THE FREQUENCY STABILITY OF PIEZO-
ELECTRIC MONITORS

By James K. Crapp*

HE increasing demand for ae-
curate maintenance of radio
transmitters upon their assigned
frequency is bringing to light the varia-
tions of frequency of the ecrystal-
controlled master oscillators which are
being more and

be pronounced. This heating varies
with any changes in the load imposed
on the piezo-electric oscillator by the
succeeding equipment, resulting in a
frequency shift due to temperature
change indirectly caused by these load
changes. In some

more widely used

to attain the de- “. . . The variations of the crystal-

cases Improper de-
sign for the plate-
holder, or undue

sired stability.
Where a piezo-
electric oscillator
is used as the
master oscillator,
economy of appa-
ratus dictates that
the oscillator be
operated at ashigh
a power level as
possible in order to
reduce the number
of amplifier stages
required to reach

controlled transmitter are in general
much less than those of the usual
tuned-circuit master oscillator, but
under extreme conditions the varia-
tions may be as great. It is a disap-
pointing, but nevertheless true con-
clusion that implicit faith in ‘erystal
control’ as the answer to every prob-
lem of frequency stability must give
way to a modified view which will
necessarily involve the application
of more complex methods.” — From
the accompanying article.

forcing of the os-
cillator, results in
a pronounced
brush discharge in
the air gap result-
ing in further var-
iations in the
master oscillator
frequency.

In spite of the
undesired fre-
quency changes in
the master oscil-

a given level for transmitter output.
Unfortunately, a piezo-electric oscil-

lator so operated loses many of its most

desirable characteristics as a constant-

frequency device. Under powerful oscil-

lation, heating in the quartz plate may
* Engineer, General Radio Company.

[

lator over long intervals of time, it is of-
ten found that the frequency may be
held substantially constant forrelatively
short intervals. As the frequency of the
system is adjustable by several means,
among them circuit adjustment and
temperature of the plate, it is possible

]
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to bring the transmitter frequency into
agreement with the frequency of a sub-
standard T maintained for the purpose,
and this agreement will then be main-
tained for a considerable period. The
variations of the ecrystal-controlled
transmitter are in general much less
than those of the usual tuned-circuit
master oscillator, but under extreme
conditions the variations may be as
great. It is a disappointing, but never-
theless true conclusion that implicit
faith in “erystal control”” as the answer
to every problem of frequency stability
must give way to a modified view which
will necessarily involve the application
of more complex methods.

With only reasonable care in opera-
tion, a piezo-electric oscillator may be
depended upon to maintain its fre-
quency to a degree of precision exceed-
ing present requirements provided the
power level 1is kept low and the tem-
perature of the quartz plate is kept
constant. If such an oscillator is then
set up as a sub-standard and used as a
monitor, the erystal-controlled trans-
mitter frequency may be periodically
brought back to its assigned value with
a comparatively high degree of preci-
sion. As the frequency drift of the
transmitter is not rapid after it has
been in operation long enough to reach
steady conditions, only an occasional
check-up would be necessary to hold
the transmitter frequency within rather
close operating limits.

If an operating tolerance of = 50
cps. is to be maintained, it is of course

T Sub-standard is here used in its commonly
accepted sense. It is a descriptive term applied
to a constant-frequency oscillator, the frequency
of which is determined by comparison with a
primary standard of frequency.

A primary standard of frequency is one in
which the frequency is determined directly in
terms of the mean solar second. See, for example,
S. C. Hooper, “The Hague Conference,” Pro-
ceedings of the I. R. E., Vol. 18, No. 5, May
1930, 769.

necessary that the sub-standard piezo-
electric oscillator hold its frequency to
within a much smaller tolerance, say
= 10 cps. This requirement demands
careful temperature control, circuit
stability, and low energy level.

In order to determine the frequency
stability that can be obtained from a
monitor consisting of a stock model
piezo-electric oscillator using tempera-
ture control and commercially obtain-
able quartz plates, a thorough study
of a typical system is being made
by the author in the laboratories of the
General Radio Company. Representa-
tive broadcast-frequency quartz plates
are being studied and the variations
in frequency resulting from all the
possible influences recorded. The prin-
cipal factors are:

1. Changes in any of the circuit
elements due to age.
2. Replacement of tubes.
3. Mechanical vibrations of the sys-
tem.
. Variations in temperature.
. Variations due to change of plate-
circuit load.
6. Variations due to changes in
supply voltages.

v o=

Of these the largest variations in fre-
quency result from mechanical vibra-
tions of the system, variations in plate
load, changes in temperature, and
changes in tubes. Of these, with a given
system, the operator may largely con-
trol the effects of load and tubes. The
effect of mechanical vibrations must
particularly be reduced by the manufac-
turer of the system, and the tempera-
ture control must be developed by
him to maintain substantially constant
temperature under ordinary room tem-
peratures and for long periods of time.
In the November issue the experi-
mental results will be presented with
particular reference to the causes of
frequency variation outlined above.
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SYNCHRONOUS MOTOR-DRIVEN CLOCKS

By HarorLp S. WILKINs *

ODAY a remarkably wide field of

usefulness is being developed for

small synchronous motors. These
motors until comparatively recently
were regarded perhaps as a curiosity.
Now they are available in a wide range
of power outputs and can be designed
to run at speeds of from a few revolu-
tions a second to several hundred, and
on circuits of from 25 cps. to perhaps
10,000 cps.

Consider for example the increas-
ingly large numbers of electrically
operated clocks that are being sold each
year. The majority of these are oper-
ated by small synchronous motors,

y some of only a few thousandths of a

horse-power, yet they run continuously
and dependably. Various modifications
in design have been developed, includ-
ing wound, polarized, and shaded poles.

The simplest type may be repre-
sented by a laminated rotor of magnetic
material having salient poles properly
journaled between one or more pairs of
stator poles, the number and size being
determined by the frequency, power,
and speed characteristics desired. The
mechanism of operation in its simplest
form may be regarded as a succession
of equally spaced magnetic impulses,
each one attracting in turn a corre-
sponding rotor pole. When by some
means the rotor is brought up to
synchronous speed, the magnetic cen-
ter line of rotor and stator poles coin-
cide in succession at approximately the
instant of maximum current and the
motor continues to run.i The design is

* Engineer, General Radio Company.

T cps., hereafter used to mean “cycles per
second.”

1 Note that the magnetic pull between a rotor
pole and a stator pole is independent of the
direction of the current.

o
L

such that the reluctance of the mag-
netic path increases rapidly as the
angular displacement of the center
lines increases and a positive torque
results. Varying power demands cause
a variation in lag of rotor tooth behind
stator tooth, resulting in an equivalent
variation in the input power, making it
possible for the rotor to carry varying
loads while maintaining synchronous
speed. This lag can never be greater
than one-half the angular separation
between two rotor teeth, which corre-
sponds to 90 electrical degrees.

There is of course no accelerating
torque in a synchronous motor of this
simple type, which means that the
motor must be brought up to syn-
chronous speed by hand. It also means

Figure 1. The standard Model B Synero-Clock

enclosed in walnut cabinet

3]
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that if the system is overloaded or if
the power supply fails even momenta-
rily, the motor will stop. While the ab-
sence of an accelerating torque may be
considered a disadvantage in a clock
for domestic use, its absence is a de-
cided advantage for many laboratory
purposes. This point will be explained
later.

Because such a motor runs in abso-
lute synchronism, it may be con-
sidered to be a counter of vibrations.
Every pair of poles that passes a
given point represents a cycle, or, if the
mput circuit is properly biased, every
pole represents a cycle. To illustrate
this, consider Figure 2. In this figure
the lower curve shows the original
sinusoidal input current. The magnetic
field varies similarly but the attraction
between rotor and stator teeth will
always be positive. If now the negative
half of the wave is biased by an oppo-
site current to reduce it practically to
zero, a new current curve and magnetic
field will be produced as indicated by
the upper curve in this figure. The hori-
zontal line represents the biasing
current and the new alternating current
1s indicated by the top curve. It is
readily seen that the magnetic field
strength is increased and the fre-
quency halved, making it possible to
halve the operating speed, reduce the
losses, and increase the power.

Fundamentally the motor operates
as a tachometer counting every cycle,
and when referred to time becomes a
measure of frequency. This device,
when referred to time indicates fre-
quency, and, conversely, when referred

RESULTANT CURRENT

AT T e

ORIGINAL IMPRESSED
ALTERNATING CURRENT

+

o

CURRENT
(s MAGNETC FIELD)

Ficure 2

Ficure 8. The motor assembly which may be
employed to drive dises, contactors, and small
generators

to a standard frequency, indicates
time. Obviously the gearing of a clock
dial to the motor offers the user a dual-
purpose instrument. A third use is im-
mediately apparent — controlled shaft
speeds.

Nearly ten years ago the General
Radio Company started to develop
a synchronous-motor-operated clock.
The first model * answered the purpose
at that time, but the wide range of
possible uses and demands for greater
power output required a design mark-
edly different. After considerable study
and numerous experiments the Typn
511 Syncro-Clock was developed to
replace the old model.

Briefly, the rotor consists of a
carefully milled laminated iron ring
mounted on an aluminum damping
disc, the shaft rotating in a jewel bear-
ing and guided by a ball bearing. Power
is supplied through three pairs of poles
located 120° apart and having milled
teeth corresponding to those on the
rotor.

A decimal system of shaft speeds has
been selected to better increase the
adaptability of the motor and clock.

*The Type 411 Synchronous Motor, now
obsolete, having been replaced by the Tyrr 511
Synero-Clock.
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The rotor shaft speed is 10 revolutions
per second and the secondary shaft is
geared to rotate once a second, the
final gearing being such that the clock
keeps correct time at rated frequency.
One thousand cps. is now generally
available in the laboratory and the
standard motor has a 100-tooth rotor
which runs at 10 revolutions per second
on properly biased 1000-cps. circuits.

As an indication of synchronism, a
small neon glow tube is mounted under
the edge of the rotor. This is lighted
from the input circuit and at syn-
chronism the stroboscopic effect causes
the rotor teeth to appear stationary.
Proper voltage to the tube is regulated
by a transformer included with the
motor assembly. A switch for control-
ling the lamp is also provided.

If the natural period of torsional
vibration of the rotor is near the nat-
ural frequency of the circuit, hunting
may become quite serious. This may be
greatly reduced by proper design. To
minimize hunting and to make starting
easier, the damping disc has been de-
veloped. The rotating parts have been
made as light as possible. To secure
a relatively high moment of inertia,
weight is provided by the addition of
mercury. Due to its mobile nature if in
hunting or due to change of load there
is a phase shift, synchronism is easily
maintained by the immediate shifting

Ficure 4. Type 511-C Syncro-Clock, designed
for panel mounting. The micro-dial is shown
at the right

OcToBER, 1930 5

Ficure 5. The clock and an amplifier may be
assembled in one unit and used for relay-rack
mounting

of the light rotor. Hunting or periodic
vibrations are rapidly damped out by
the energy given up or absorbed by the
mercury. The mercury is sealed in the
damping disc and baffled to increase
the friction resulting in any change
of speed between the disc and the
mercury.

We have already mentioned that the
stopping of the clock results after even
momentary failures of the power-sup-
ply circuit and that this is an advan-
tage for many laboratory purposes.
When, for instance, one is using the
clock to count the number of oscilla-
tions executed by a constant-frequency
oscillator for comparison with time
determined by some other system, it is
important that the clock run in syn-
chronism or else not at all, especially
when one is making measurements of
extremely high precision. It is highly
desirable that any momentary per-
turbation of the circuit be made known
at once, if erroneous results are to be
avoided.

The motor is normally operated at
from 100 to 125 volts at a frequency of
1000 cps. and biased with from 40 to
50 milliamperes of direct current. The
rotor is brought up to speed by turning
the knurled knob between the fingers
until stroboscopic effect indicates syn-
chronism. In many cases the clock will
“pull in” itself if turned faster and
then allowed to drift down to speed.
The output of two 171-A-type tubes
operated in parallel with sufficient am-
plification to bring the voltage up to
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Ficure 6. This clock designed to run on 60-
cycle circuit has both a seconds and 0.1 second
contactor

rated figure is recommended for gen-
eral operating conditions. The direct
current in the plate circuit must be
allowed to flow through the motor
windings. Supplied from such a source
the starting is easy, operation is de-
pendable, and satisfactory results are
assured. Unless operating under very
heavy loads one tube may burn out or
tubes may be replaced or changed one
at a time without stopping the motor.

The motor of course will run on
widely different supply frequencies but
standard shaft speeds are obtained only
at rated frequencies. Experimentally
a 1000-cps. motor has been satisfac-
torily operated on all frequencies be-
tween 250 cps. and 1750 eps. Of course
for special purposes rotors can be de-
signed to give standard shaft speeds on
any source of from 60 cps. to 5000 cps.
In such cases the number of teeth cut
in the rotor is changed to meet condi-
tions. The clock movement itself is a
standard arrangement of gears to give
hours, minutes, and seconds, but for
convenience a separate scale graduated
in seconds has been added on the out-
side diameter of the dial. The second
hand may be adjusted by half seconds
by means of a knob located just outside
the dial and controlling an epicyclic
gear train by means of which the sec-
onds shaft can be rotated in either di-

rection without interfering with the
motor. A spring lock prevents motion
of these gears except when manually
operated.

The Syncro-Clock, used as a fre-
quency meter, will give an accuracy of
better than one part in 100,000 during
a 24-hour interval by reading of the
seconds hand. To increase this precision
the micro-dial attachment makes it
possible to check the clock by reference
to Arlington Time Signals to within
approximately 0.01 second. This makes
possible a precision approaching one
part in 10,000,000 for a 24-hour
interval.

The operation of the micro-dial is
quite simple. A revolving arm or cam
on the seconds shaft of the clock closes
a contact for a period just greater than
the duration of the time signal. This
point of closing may be made to occur
at any point in a complete revolution
by rotating the outer drum member.
The signals are received by the phones
and the dial is adjusted so that only the
“nose” of the signal is heard. The dif-
ference of dial readings between suc-
cessive periods indicates the change
from true time. When operated on a
standard frequency the micro-dial may
be used to send seconds impulses and
by means of a secondary program
wheel almost any series of accurately
spaced groups of signals may be ob-
tained. The clock under this condition
becomes a time piece having the ac-
curacy of the frequency source. Con-
tactors giving short pulses every tenth,
half, or whole second can easily be at-
tached and from these many secondary
measurements may be made with sur-
prising accuracy. By combining a
seconds and a minutes contactor a very
short and accurate minutes pulse may
be secured. By choosing appropriate
cams and gears many other combina-
tions can be secured. Magneto genera-
tors offering a source of relatively low
frequency of good waveform of from
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one to 100 cps. can be designed for
operation with the clocks. In every
case the precision with which the result-
ing frequencies and time intervals are
known is essentially the same as the
precision of the supply source. When a
Synero-Clock is operated from a Gen-
eral Radio standard-frequency assem-
bly, for example, a precision of ap-
proximately one part in 1,000,000 may
be expected.

To review briefly, the synchronous

The greater power of the new
Tyee 511 Syncro-Clock Motor
makes it possible to drive a large
number of auxiliary attachments.
Figure 7 shows a Syncro-Clock
which has a micro-dial reading di-
rectly to 0.001 seconds. The hand
at the right revolves once a second
and under this may be seen the two
magneto generator discs designed
to give frequencies of 30 and 85 cps.
The two adjustable contactors in
the lower left corner make and
break the circuit one and ten times
a second respectively

OcTOoBER, 1930 rf

motor-driven clock may be used as a
frequency meter, a standard clock, a
sending device of time signals, a genera-
tor of impulses or low frequencies, and
a constant-speed motor. Impulses are
often employed to give a record on
tapes or films and the motor may be
used as a drive for stroboscopic work.
In fact the uses are too varied to
enumerate completely and it is hoped
these comments will serve as a basis to
suggest other applications.

Figure 7

The General Radio Experimenter is published
monthly to furnish useful information about the
radio and electrical laboratory apparatus manu-
factured by the General Radio Company. It is
sent without charge to interested persons. Re-
quests should be addressed to the
GENERAL RADIO COMPANY
CAMBRIDGE A, MASSACHUSETTS
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What Is a Syncro-Clock?

ORE than ten years ago, before the synchronous motor-driven
clock was popularized for domestic use, the General Radio
Company began development of such an instrument for use

in the laboratory. It was our initial idea that the Syncro-Clock would
be driven by a vacuum-tube oscillator having a fairly stable frequency
characteristic and that the clock would therefore furnish a means of
determining the average frequency of the oscillator during a given
time interval. This development has been steadily carried forward,
many models built, and now we are able to make commercially avail-
able a Syncro-Clock having a number of useful and interesting
features:

The Syncro-Clock offers one of the most precise

* methods possible of measuring the frequency of an

oscillator. Readings are secured in terms of our Mean Solar

Day and are integrated throughout the period of meas-
urement.

2 When operated by a source of exactly 1000 cps. the
* Syncro-Clock: keeps true time, the only error being
that of the standard.

3 Shafts rotating with a constant angular velocity are

* available for turning stroboscope discs, for operating
seconds and tenths-of-seconds contactors, and for driving
small generators to produce other frequencies the stability
of which are definitely determined by the frequency of the
driving source.

The General Radio Company makes use of this device in its standard-
frequency assembly, our name for a system which determines fre-
quency directly in terms of the Mean Solar Day. Using a Syncro-
Clock we compare the time kept by our piezo-electric oscillator —
Syncro-Clock system with the time intervals determined daily by the
U. S. Naval Observatory and transmitted to us via Arlington Time
Signals.

Syncro-Clocks have many applications to time and frequency-measur-
ing problems. If this brief description interests you, we should be glad
to send you further details.

Ask for Catalog F-X
GENERAL RADIO COMPANY

OFFICES 7 LABORATORIES 4 FACTORY

CAMBRIDGE A, MASSACHUSETTS

PACIFIC COAST WAREHOUSE: 274 BRANNAN STREET, SAN FRANCISCO, CALIFORNIA

RUMFORD PRESS
CONCORD. N.H.
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THE FREQUENCY STABILITY OF PIEZO-
ELECTRIC MONITORS
By James K. Crapp*

HE performance characteristics of

a typical temperature-controlled

piezo-electric oscillator will be
considered with regard to the various
factors listed in the first part of this
article,f 1.e., (1) temperature changes,
(2) plate load, (3) tubes, (4) vibration,
(5) supply voltages, (6) aging of circuit
elements.

The data here presented cover the
performance of the equipment when
using typical quartz plates operating
at frequencies in the broadcast band of
from 500 to 1500 ke.f The quartz
plates were of the “30-degree” or “Y -
cut and were mounted in General
Radio TyrE 376 Quartz-Plate Holders.
The quartz plates and holders corre-
spond to the production units classed
as the Typr 376-H Quartz Plates.

The changes in frequency, as ob-
served, were referred to the frequency
obtained when the assembly was opera-
ted under the conditions defined by:

* Engineer, General Radio Company.

t James K. Clapp, “The Frequency Stability
of Piezo-Electric Monitors,” General Radio Ex-
perimenter, V, October, 1930.

{ Ke. is here used to mean kiloeycles per
.\'('1'()”".

“Normal™ operation
Tube: Average UX-112A as
termined by trial.
Temperature: 50° C.
Plate condenser: Set at lowest value
for reliable oscillation.
Supply voltages: Filament 5.0 volts.
Plate 45.0 volts.

de-

The observed frequency changes re-
sulting from changes in any one vari-
able, the others remaining constant,
are indicated in the accompanying
figures and are summarized below:

Temperature changes: (Figure 1)

The quartz plates employed were all
of the “30-degree” or “Y ”-cut type,
having positive temperature coeffi-
cients, that is, the frequency of oscilla-
tion increases when the temperature of
the plate 1s increased. The various
plates did not differ widely in their
temperature coefficients as indicated
by the slopes of the curves of Figure 1.
On the average, it should be noted
from Figure 1, the variation in fre-
quency for changes in temperature of
=(.1° C. (representing the control
stability of a small temperature-con-

1]
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| trol unit of simple design) is within =5

parts per million.

Plate-tuning changes: (Figure 2)

Other factors remaining constant,
the frequency of oscillation is altered
by changes in the tuning of the plate
circuit of the tube. In the oscillator
here employed (General Radio Tyrr
575 Piezo-Electric Oscillator) the plate
inductance is fixed and the capacitance
is variable. The variations are plotted
against per cent. of the higher value at
which the system stops oscillating,
which is practically the value at which
the plate circuit is resonant to the crys-
tal frequency. The frequency change
resulting from the change of tuning
capacitance 1s seen to be much more
rapid as resonance is approached, that
is, for the higher values of capacitance.
As the driving tube circuits are not
under temperature control in this case,
it is desirable to operate the plate cir-
cuit in a manner to minimize the
changes in frequency with any given
change in the tuned circuit. For this
reason, the assembly should always be
operated with only enough capacitance
to give reliable oscillation.

From the figure, it is seen that varia-
tions in the tuning capacitance of =1.0
per cent. (resulting from arbitrary
alteration of the condenser, or from
aging or temperature effects) cause
frequency changes of less than =1
part per million.

Plate-voltage changes: (Figure 3)

Other factors remaining constant,
changes in plate voltage produce the
frequency changes shown in Figure 3.
It is evident that minor changes in
plate voltage produce very small
changes in frequency. Within the region
of =1.0 volt from the normal of 45
volts, which is easily read on a small
voltmeter, the frequency change is less
than =0.5 part per million. This
change is not materially influenced by
the setting chosen for the plate-tuning
condenser.

Filament-voltage changes: (Figure 4)

Changes of filament voltage produce
the changes in frequency shown in
Figure 4. In this case, the frequency
variation obtained depends upon the
setting of the plate-tuning condenser to

STARTS
QUARTZ PLATE NO.3

10 v
+ \

NORMAL SETTING=
69.4 DIV.

5\_ —

[

f

REGION OF SETTING
CONDENSER TO
1.0 PERCENT

20
\STOPS
30

60 70 80 30 100

PLATE TUNING CAPACITY IN PERCENT
OF RESONANCE VALUE

AS NORMAL
S

FREQUENCY CHANGE IN PARTS PER MILLION
FROM ADJUSTED VALUE AT 50°C

Ficure 2. Variation in frequency of piezo-
electric oscillator as function of plate-tuning-
capacitance
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some extent, but in the normal voltage
region, the variations thus obtained
are of no serious consequence. Within
the region of =0.1 volt from the
normal of 5.0 volts (which is easily
read on a small voltmeter) the fre-
quency change is substantially less
than = 0.5 part per million for all useful
operating conditions in the plate circuit.

Tube changes: (Figure 5)

Changing tubes, each being operated
under the “normal” conditions, re-
sults in frequency changes as shown in
Figure 5. It is seen that four out of
five tubes operate to give a frequency
within +2 parts per million of the
value obtained with Tube No. 1.

Vibration

Ordinary vibration of buildings does
not materially alter the frequency of
the system. A violent pounding of the
base of the assembly sometimes pro-
duces a momentary shift of frequency
as great as 10 parts per million, but the
shift remaining after the pounding is
stopped is usually much less than this
value. In the tests, the plate-holder
was plugged into jacks rigidly mounted
on the walls of the temperature-control
unit, which in turn was rigidly mounted
on the supporting base. In cases where
unusual vibration exists, the frequency

CURVE DOES NOT SHIFT
NOTICEABLY WITH PLATE
TUNING CAPACITY

N
d
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Ficure 8. Variation in frequency of piezo-
electric oscillator as function of plate voltage
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Ficure 4. Variation in frequency of piezo-
electric oscillator as function of filament voltage

shifts may be reduced greatly by sup-
porting the plate-holder in soft bat-
ting, making the connections through
small flexible leads, instead of through
the plugs and jacks.

Summary of All Effects

As an estimate of the absolute
constancy of frequency of the system
described, it may be assumed that all
of the variations observed take place
and that the effects are all in the same
direction. Then we have the following
summary:

Frequency
Range of Variation
Variable Variation (parts per
million)
Temperature +0.1°C. +5
Plate capacity +1.0 per cent. +1
Plate voltage +1.0 volt +0.5
Filament voltage =+0.1 volt +0.5
Tubes (average) +2
Vibration (heavy shocks) +3*
Total +12

* Remaining after shock.

This represents the range of fre-
quency within which the type of oscil-
lator considered would be expected to
operate under practical service condi-
tions. There is every reason to expect
some of these effects to offset others
under average conditions, even if the
variables are altered by the full range
indicated. If the variables are not al-
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Figure 5. Variation in frequency of piezo-

electric oscillator for different tubes, each
operated under “normal” conditions

tered by the full range indicated, the
frequency variation would naturally
be reduced. All things considered, it
seems reasonable to expect the fre-
quency variations under service con-
ditions to be less than =10 parts per
million. It should be borne in mind
that the above conclusions are based
entirely upon the premise that the os-
cillator system is operated at a low
power level and that it is employed only
as a substandard or a heterodyne mon-
itor, that is, it is operated with such
weak coupling to any associated appa-
ratus that the effects of such equipment
on the performance of the oscillator are
entirely negligible. The conclusions
refer only to the variation in frequency
from the adjusted value and have no
bearing on the accuracy of adjustment
to a specified frequency.

It is believed that the effects of aging
of any of the circuit elements, with the

TaeE GENERAL RAp10 EXPERIMENTER

exception of the quartz plate and
holder, can result only in changes of
frequency of the order of magnitude
encountered when arbitrary changes
are made in these elements. Aging of
the quartz-plate holder introduces, in
the type of holder here used, very small
changes in frequency which for the
purposes under consideration are negli-
gible. There seems to be little evidence
that any aging effect takes place in the
quartz plate itself. Changes in fre-
quency which are often laid to this
cause are undoubtedly due to changes
in the plate-holder and not to changes
in the quartz plate.

The combined piezo-electric oscilla-
tor and temperature-control unit (Typre
575) used in this work is very well
adapted for use as a simple laboratory
standard. For such uses, it is convenient
to employ a 100-ke. quartz plate. As
these plates give somewhat different
performance than plates in the broad-
cast-frequency range, data pertaining
to them will be presented in a later
article. Harmonies of the crystal fre-
quency are available for calibration or
monitoring purposes over a wide fre-
quency range. In cases where it is
desired to obtain calibration frequencies
at intervals of less than 100 ke., use
may be made of a multivibrator (such
as the TypE 592) of lower fundamental
frequency, controlled by the 100-ke.
crystal oscillator. By adjustment of the
multivibrator a very large number of
calibration frequencies may be ob-
tained. Details concerning the use of
the equipment will be given in the forth-
coming article.
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A STROBOSCOPIC FREQUENCY METER
By L. B. ArcuiMBAU*

1000~ STD.
AMP.

NEON LIGHT

OSC. UNDER TEST
AMP.

I—
BIAS

Figure 1

T the time the range of the General
Radio low-frequency oscillator
was extended to 25 cps.,f the

need for more accurate and convenient
methods of measuring audio frequen-
cies made itself felt. After some con-
sideration of other methods,f it was
decided to arrange for the stroboscopic
comparison of unknown frequencies
with a single primary standard. The
method has proven so convenient that
we believe a description of the details
may be of interest.

In a previous issue of the General
Radio Experimenter§ a description was
given of synchronous motors which
can be driven by 60-cps. and by 1000-
cps. signals. A motor of this type
provides a shaft whose speed is de-
termined exactly by the driving fre-
quency. Thus, by its use a dise can
be obtained whose angular speed is
known with the precision of the source
frequency.

It is well known that if any such
rotating disc is illuminated solely by a
light which flashes once every rotation,
the disc will appear stationary, for the

* Engineering Department, General Radio
Company.

T Cps. is here used to mean cycles per second.

1 E.g., the use of calibrated tuned circuits and
reeds, and Braun tube or string oscillograph
comparisons with low frequencies derived from
a primary standard.

§ Harold S. Wilkins, ““‘Synchronous Motor-
Driven Clocks,” General Radio Experimenter, V,
October, 1930.

images received by the eye all corre-
spond to one position. Similarly, if the
wheel has n spokes spaced uniformly
and is illuminated n times every revolu-
tion, it will again appear to stand still,
since in this second case the images will
all be seen when the spokes are in
similar positions. An extension of this
argument will show that a wheel of n
spokes illuminated with a lamp flash-
ing (a x n) times during each revolution
will appear like a wheel having (a x n)
spokes (where @ is any integer). Simi-
larly, if the lamp flashes n/b times per
revolution (b is an integer), the wheel
will still appear to have n spokes. In
fact, if the light flashes any rational
number a/b times per spoke period,
the wheel will appear to have (a x n)
spokes.|| A brief consideration will
show that if the frequency of the light

flash differs from k (7;)—11) by 1/b eps.,

the (a x n) spoked pattern will appear
to revolve at a rate of one spoke per
second, where k is the speed of the
wheel in revolutions per second.
Having these well known facts in
mind, an obvious method of frequency
adjustment presents itself, namely,
the comparison of a lamp driven by an

|| Provided, of course, that there is sufficient
contrast to make the partially overlapping
fringes visible. Practically this requires that
a and b be small integers. Under favorable
conditions @ may be as high as 5, b as high
as 10.
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unknown source with an appropriate
disc. For example, if a disc rotating at
10 revolutions per second is available
and it is desired to set an oscillator at
300 cps., it is merely necessary to il-
luminate a wheel of 30 spokes once
each cycle and adjust the oscillator
until the spokes appear stationary.
Such a flashing light can be readily
secured by using a neon lamp biased so
that it flashes only during a very small
part of a half-cycle. A suitable arrange-
ment for realizing the above condition
is shown in Figure 1.

In our case it has been found most
convenient to use the 1000-cycle output
of a General Radio standard-frequency
assembly * as a primary standard.
Occasionally, however, other standard
sources have been used.f Instead of
using a spoked wheel several graduated
discs have been made up each answer-

* James K. Clapp, “Frequency Determina-
tion,” General Radio Experimenter, Vol. 3, March,
1929; “A New Frequency Standard,” General
Radio Experimenter, Vol. 3, April, 1929. See also
L. M. Hull and J. K. Clapp, “A Convenient
Method for Referring Secondary Frequency
Standards to a Standard Time Interval,” Pro-
ceedings of the 1. R. E., Vol. 17, February, 1929.

t Horatio W. Lamson, ‘‘Electrically-Driven
Tuning Forks,” General Radio Experimenter, V,
September, 1930.
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ing a specific frequency requirement.
Two such discs (reduced in size) are
shown in Figure 2. It will be noted that
disc A covers a very wide range of
frequencies, giving a large number of
points. Starting with 10 cps. direct
comparisons are possible (with a dise
turning 10 revolutions per second) at
10-cps. intervals up to 100 cps. After
this, direct comparisons are possible
every 100 cps. up to 1000 cps., and
then (with the exception of 1500 cps.)
every 500 cps. up to 5000 cps. In ad-
dition to these fundamental points,
all low rational fractions of these fre-
quencies are available. Thus we have
patterns for every 5 eps. up to 50 cps.
and every 20 cps. from 100 cps. to 200
cps., ete.; likewise, all even kilocycle
points up to 10 ke. are available. As a
matter of fact, it is frequently more
convenient to use such multiple pat-
terns than it is to use the fundamentals.
For example, when the lamp is lighted
from a 60-cps. line, the 300-cps. pat-
tern is immediately noticed, as well
as the 60-cps. pattern; rotation of one
spot in ten seconds for the 300-cps.
pattern indicates a departure of 0.02
cps. or 1/30 of 1 per cent. in the line
frequency. Disc B has been found very
convenient for use in calibrating low-

%

il o ol )

Ficure 2. Typical 8-inch discs used with the frequency meter. Disc A (left) is for general use
over the entire audio-frequency spectrum; Disc B (right) is very useful at commercial frequencies
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frequency tuning forks since a large
number of such multiples are present.
By its use in conjunction with a stop
watch, any preassigned frequency in a
restricted commercial range can be
measured directly in terms of the pri-
mary 1000-cps. standard.

In addition to these dises, all of
which operate on reflected light, a few
have been made for use with trans-
mitted light. Several factors, such as
the relative size of the absorbing and
reflecting sectors, the use of reflected
or transmitted light, the effect of motor
“hunting” and of disc irregularities,
and the duration of the light flash had
to be considered in design, but are
hardly of sufficient interest to be men-
tioned here.

Several stroboscopic frequency me-
ers have been built for experimental
1se in the General Radio laboratories.

Frcure 3. This synchronous motor is portable

and connected to subsidiary amplifier eircuits by

a flexible cable. The disc makes use of transmitted
light

The first model which is in service in the
calibration laboratory includes self-
contained amplifier circuits and is in-
tended for operation on a laboratory

NoOVEMBER, 1930 7

model of the

Ficure 4. An experimental

stroboscopic frequency meter. Amplifier and

power-supply circuits have been assembled with
the synchronous motor on a castered table

work bench. Another, also with self-
contained amplifier, has been mounted
on a castered table so that it can be
used wherever needed.

In passing, it might be mentioned
that a modified stroboscope has re-
cently been built to provide a direct
comparison between the primary stand-
ard and seconds pulses from a pen-
dulum clock. This is done by watching
the change in position of a single re-
flecting sector between successive sec-
onds flashes.

Thus by the use of a synchronous
motor in conjunction with a single
standard it is possible to cover the
range of audio, commercial, and finally
of clock frequencies.

Published by

GENERAL RADIO COMPANY
CAMBRIDGE A, MASSACHUSETTS
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Type 575-A Piezo-Electric Oscillator with Temperature Control

HE temperature-controlled piezo-electric oscillator used by

J. K. Clapp in the work on quartz plates described in this issue
of the Experimenter is now commercially available. It consists in
effect of a Type 275 Piezo-Electric Oscillator and a Type 547-A
Temperature-Control Box assembled on a single panel for relay-
rack mounting.

The characteristics of the new instrument are essentially the
same as for the two individual instruments which were described on
pages 57 to 59 of Catalog F. The assembly in a single unit, however,
greatly improves the stability with which frequency can be main-
tained. Danger from mechanical vibrations has been reduced and
essential leads have been materially shortened.

So effective is the new unit that users of General Radio Tyre 376
Quartz Plates and the Type 575-A Piezo-Electric Oscillator with
Temperature Control may expect to maintain frequency to within
about ten parts in a million.

PRICE $190.00

(without quartz plate, tubes, or battery)

GENERAL RADIO COMPANY

OFFICES + LABORATORIES 7 FACTORY
CAMBRIDGE A, MASSACHUSETTS

PACIFIC COAST WAREHOUSE: 274 BRANNAN STREET, SAN FRANCISCO, CALIFORNIA
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THE NEW HOME OF THE ENGINEERING
DEPARTMENT

By J. W.

A'TA are at present not available
as to the extent to which the
deplorable condition of the shoe-

maker’s wife and the blacksmith’s
horse extends to the laboratories of
instrument makers. However, in view

~ * Chief Engineer, General Radio Company.
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of the reports prevalent on such mat-
ters the General Radio Company has
given special attention to the new
laboratory facilities recently made
available to its engineering department.

The anniversary issue of the Ea-
perimenter referred to the new building

Ficure 1. The plant of the General Radio Company at Cambridge, Massachusetts. The new labora-
tories occupy the second and third floors of the right-hand wing

(1

]



B10'DIMYAD JO A591n0) 1y @

2 TrE GENERAL RADIO EXPERIMENTER

Ficure 2. A typical laboratory. It will be noted that the power outlets are so located that they may
be used conveniently for apparatus on the bench or on the shelf. Each outlet has its own switch and
pilot lamp

unit being added to the General Radio
plant. The primary purpose of this new
building was to provide suitable space
for the engineering department which,
due to its growth during the last two
years, was finding its previous quarters
somewhat crowded.

The laboratories in use have been
designed with the particular require-
ments of our organization in mind.
The nature of our engineering prob-
lems is such that both the technical
and the commercial phases may most
effectively be followed by a single in-
dividual, consequently each engineer’s
room is, to more than the usual degree,
a combined laboratory and office.
While convenience and orderliness are
highly to be desired in any laboratory,
they are especially necessary in one
serving this dual role.

Beginning with the building itself,
considerable pains were taken in plan-

ning the construction so that the en-
gineering quarters might be as com-
fortable as possible. To this end the
partitions have been constructed of
material having sound-absorbing char-
acteristics and the ceilings have been
specially treated to make the rooms as
quiet as possible. In addition, the heat-
ing system has been arranged to pro-
vide ventilation without the necessity
of opening the windows, consequently
both outside noises, including those
from the remainder of the plant,
and sounds made within the labo-
ratory are so attenuated that they
create little disturbance in the several
rooms.

The results of this arrangement
are more than gratifying and it is
felt that the physical comfort thus
provided will amply repay the effort
made.

In planning the laboratory facilities,
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the combined experience of the engi-
neering department was called into
consultation. The resulting arrange-
ment is indicated in the illustrations of
Figures 2 and 3. It will be noted that
the space beneath the benches is en-
tirely used for organized storage of
apparatus which should be preserved
or which should be continuously avail-
able. The danger of having this space
exhibit the characteristic appearance
of a back attic or a woodshed is thereby
avoided. The cabinet space between
the drawer sections is provided for
batteries. The bottom shelf is arranged
for filament batteries and the top shelf
for high-tension batteries, which may
be either dry cells or storage cells.
Wiring to the batteries is facilitated by
setting the benches forward a short
distance so that a space is left between
the backboard and the wall. This

DEcEMBER, 1930 3

space is crossed by the supports of the
benches and hence may be used as a
convenient channel for leads when
apparatus separated by an appreciable
length of bench is to be connected. It
has been found that this simple ex-
pedient contributes much to avoiding
the clutter which so frequently exists
when temporary circuits or experi-
mental set-ups are involved.

The desirability of providing a cen-
tralized battery was considered. Sev-
eral proposals were made but none had
fewer defects than the simple system
of maintaining an adequate supply of
charged batteries and a regular routine
for renewals. The batteries in each
laboratory are inspected daily.

The shelf shown above the laboratory
bench is planned to carry apparatus
accessory to that on the bench proper.
It is particularly convenient for the

Frcure 3. A laboratory set-up. A study is being made of the performance of a number of tube-driven
tuning forks. The relay-rack panel includes a constant-temperature container for housing a precision
fork. A stroboscope accurately comparing two frequencies is shown in the foreground
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occasional amplifier or oscillator used
in conjunction with the experimental
set-up on the bench. The height of the
shelf has been chosen so that meters
placed on it may be read conveniently
by an observer working at any part of
the bench.

It has been the practice in the Gen-
eral Radio laboratories for some time to
mount certain apparatus units on
small movable tables known, for ob-
vious reasons, as tea wagons. In most
of the laboratories space has been pro-
vided under the bench for parking
this convenient accessory when not
in active use.

As with the construction of the build-
ing itself, the reduction to practice of
the ideas outlined above has been
found to be more than satisfactory.
In the time during which the new
laboratory has been occupied by the
engineering department it has been
amply demonstrated that a single room
may fill the needs of laboratory, office,

or study without having any one role
encroach on the others.

In addition to the laboratory rooms,
which are in general each occupied by
two engineers, a number of additional
facilities are provided by the new build-
ing unit. One room has been set aside
for standards. In this room will be
kept the primary standards of the
General Radio Company with the ex-
ception of the master standard of fre-
quency which has quarters of its own.
In the standards laboratory are also
permanent bridge set-ups of a type
which it is not advisable to move
about. These will be continuously
connected with the necessary auxiliary
equipment so that measurements of
the primary constants of any piece of
equipment may be expedited. The
value of such an arrangement to a
laboratory engaged in circuit problems
is obvious.

The apparatus continuously avail-
able in the standards laboratory is

Frcure 4. The experimental shop. A variety of machine tools are available so that the shop may
promptly supply the needs of the most enthusiastic experimenter
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supplemented by other units such as
oscillators, oscillographs, and the like,
which may be readily moved from
place to place, as mentioned above,
but which are continuously available
for use.

The importance of its master stand-
ard of frequency to the General Radio
Company has become so great that a
separate room has been assigned to it.
The apparatus which has been in use
for some time, and which has been
described in the General Radio Ex-
perimenter and in other publications,
is being set up in the new laboratory
with certain additions which it is be-
lieved will increase still further its
already high precision.

The Experimental Shop, which has
for some time been a part of the engi-
neering department, has also been
provided with new quarters conven-

DECEMBER, 1930 5

iently located to the laboratories. This
shop is on the third floor of the new
building unit. Figure 4 shows a general
view of the arrangement of this division
of the engineering department. As
many of our readers know, the function
of this experimental shop is primarily
to facilitate the construction of appara-
tus needed by the engineers. Experi-
ence has shown that it is highly de-
sirable to separate this shop from the
regular production units, thus freeing
the workmen from any contact with
routine production schedules. The men
employed in this shop have had long
experience in this highly specialized
type of work. The intimate contact
thus possible between the engineer
designing a piece of apparatus and
mechanics familiar with the manufac-
turing processes 1is of inestimable
value.

Ficure 5. The engineering library. In addition to the usual library facilities this room provides
space for the company’s collection of historic apparatus. It also serves as a conference room for the
Engineering Department
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USES FOR PLUGS AND JACKS IN THE
LABORATORY

By A. G. BOUSQUET*

N the laboratory the space pro-
vided under the bench too often
becomes the resting place for dis-

carded “breadboards,” a procedure
which soon proves both unsightly and
uneconomical. A satisfactory solution
is a “universal breadboard” with pos-
sibly a ‘“universal panel” provided
with the necessary jacks for plugging
in various circuit elements.

Again, the laboratory bench soon be-
comes cluttered with batteries in vari-
ous stages of deterioration, if some
system does not provide for locating
all batteries in a battery compartment
and make them available to any part
of the laboratory by resort to a simple
trunking system.

Distribution systems find many ap-
plications. In the laboratory they can
be extended to include standard testing
frequencies, and unassigned lines can
be made available for special trunking
purposes. The radio dealer finds a dis-
tribution system quite an asset in
demonstrating different loud-speakers.

But the “universal breadboard” or
the distribution system, to be effec-
tively flexible, must be based on
standard plugs and jacks spaced at
predetermined intervals. To meet this
need the General Radio Company has
developed several devices built around
the TypE 274 Plugs and Jacks. A spac-
ing of 34 inch has been adopted.

Any number of small condensers,
resistors, and inductors when in-
dividually mounted on Type 274-M
Plugs can be readily paralleled or
interchanged. A few examples are given
in the photographs on the opposite
page. Grid-leak clips, salvaged possibly

* Engineering Department, General Radio
Company.

from an old grid-leak holder, are
screwed to the sides of a Typr 274-M
Plug by two 10-32 flat-head screws 14
inch long, which replace the setscrews
furnished with the plug and make the
necessary electrical contact.

The experimenter knows the value
of plug-in coils. Why not plug-in varia-
ble condensers, meters, rheostats, and
even sockets? A Type 410 Rheostat
and a Typr 368 Variable Air Condenser
are shown mounted on Type 274-M
plugs. The Type 274-P Basic Plug
screws very neatly into the binding
posts on the General Radio Type 349
Socket which is designed for the UX-
type tube. An extra plug in one of the
socket-mounting holes provides a lo-
cating mechanism. The Type 438
Socket, designed for the UY-type tube,
can be mounted on a bakelite strip
fitted with five plugs to adapt it for
interchangeability with the Typr 349
Socket.

The Type 274 Transformer Mount-
ing Bases increase the flexibility of an
amplifier. To change from transformer
to resistance coupling or to compare
different types of transformers, it is
simply necessary to plug in the required
coupling device. The Type 274-HP
6-Gang Mounting Base can be used for
mounting push-pull transformers and
for grounding the transformer case.
While the TyprEe 274 Bases are designed
primarily to mount General Radio
transformers, an extra hole or two will
adapt them to any device that may be
required. As an example, a resistance-
coupling unit is shown in the accom-
panying photograph. Not only the
resistors but even the coupling con-
denser can be changed quickly to meet
circuit requirements.

(6]
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TO BATTERIES

FILAMENT
BATTERY

A few common plug-in circuit components, easily built up from standard Type 274 Plugs, Jacks,
and Mounting Bases
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NCE a year we look through our stock and offer at bargain

prices any items which are not in our current list or of which we
have an excess stock. Here is our list for this year. Every item is new
and guaranteed. Inasmuch as the quantities are limited, this offer is
made subject to prior sale, and in any case, if items are not sold, this
special price expires February 1, 1931. Send cash with order, and we
shall pay the postage anywhere in the United States or Canada.
Minimum sale, $1.00. Be sure to mention ““Special Sale” and mail
your order to Department X at the Cambridge, Massachusetts, office.
This material is not available elsewhere.

T ~A (flush mounting) and Tyepe 127-B (front of panel mounting)
I'YPE 127-A 1.5 amp. Hot-Wire Meters for radiation or filament
(d.c. or a.c. use).. . . Regular price $6.00 SALE PRICE $2.50

TYPE 164 Audibility Meter. A fine opportunity to keep a record of signal
strength. . . . Regular price $34.00 SALE PRICE $15.00

" Hot-Wire Meters 100 mla. to 20 amp. Ranges follow closely
I'YPE 170 those given for TypE 127 Hot-Wire Meters in Bulletin 932-X.
If the size you want is gone, we will send the next largest size unless you

instruct us otherwise. . . . Regular price $20.00 SALE PRICE $5.00

Inductors. Just the thing for experimental circuits. Identical
TYPE 277 with Type 577 Inductors except for location of mount-

ing pins. A, B, and C sizes. . . . Regular price $1.00 SALE PRICE $0.35
(3 for $1.00)
D14 and D14 size. . .. Regular price $1.15 SALE PRICE $0.40

TYPE 440-A Filament Transformer. Power rating 70 watts with following
“7 voltages avgilable: 2, 3.5, 5, 7.5; all windings separate.
Operates from 110-volt, 60-cycle line. Regular price $7.00 SALE PRICE $3.50

- A Half-Wave Transformer for 110-volt, 60-cycle line. Power
TYPE 565-A rating 200 watts. Secondary voltages 600, 2.25, and two
windings of 7.5 volts each. Corresponding currents 200 mla., 4 amps.. and

2.5 amps. . ..Regular price $13.50 SALE PRICE $6.50
Regular SALE

Price PRICE

TYPE 301 10-ohm Rheostat (without knobs) .. .. ......... ... $0.80 $0.20
TYPE 309 Socket Cushion (sponge rubber) . ............. ... 0.25 0.05
TYPE 285 Amplifier Transformers (D, H, and L sizes available)  4.00 2.00
Y PEA TR Syt oh oS SRl .0 .ok Tt T e g ot P e b 0.30 0.10
(Y PR 587-B:Speaker Biltiapll o @RS Al o S e 0 o0 4.50 2.50
IRYPEIS587-CiSpeakeriitiltorih . 0 SRS oihils, oo d i v s i s 9.00 4.50

GENERAL RADIO COMPANY

OFFICES - LABORATORIES s FACTORY
CAMBRIDGE A, MASSACHUSETTS

RUMFORD PRESS
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