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A EQUAL-ARM CAPACITA CE BRIDGE

13y ROBERT F. FIELD

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.

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
!5round and of shield
mg.

The simplest type
of Wagner ground
consists (Figure 3)
of a resistance Pf!<,

FIGURE J. The TYPE 216 Capacity Bridge bl
having an adjusta e

(2) ground tap. By connecting a telephone
receiver between the junctions of P and
f!<, 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
and shows that the various ground capac
itances, whether distributed or lumped,

THE TYPE 216 Capacity Bridge is
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
CA or CB , and the resistor R which
may be placed in series with the con
denser having the lower resistance by
means of a two-poin t
switch. For silence in
the telephones the
conditions of balance
are

M CB RA

N = C
A

= R
B

and, since the ratio
arms are nominall y
equal,

where the resistor R is included in
either RA or R B • 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 * J. A. Stratton, "A High-Frequency Bridge,"
the other may be calculated. Journal of the Optical Society, XIII, October,

The different arms of the bridge, the 1926,48I.

[ 1 ]
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FIGURE 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 tile 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 PffG. 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 wi th
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 wi th 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 th t

.--------::----Irv.}--------,
Q i:b P

-----~----- -----~-----

a
FIGURE 3. Wagner ground applied to an equal
arm bridge. When adjusting the Wagner ground
one terminal of the telephone receivers is moved

from point a to point b
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I 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

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
is 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.

Cx = Cs' - C., (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 Cs' is its 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-J
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

c'

(b)

FIGURE 4

(a)

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
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.

CA+C/ R+R'
CB = and RB =RA +--'(3)

2 2

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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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 Co and
Ro 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

Rw(;2=RowCoand C= Co+C'

provided that the power factor of C is
negligible, i.e.:

RowCo< <1.
If the capacitance of the solid dielectric
condenser does not change with the set
ting of the air condenser,t the quantity
RWC2 is constant at any fixed frequency
because Ro and Co are constant. For
different frequencies the quantity
RowCowhich is the power factor of the
solid dielectric, is approximately con
stant for good dielectrics, such as
isolantite, porcelain, or hard rubber. t
For such materials RowCo is of the
order of 0.005, whose square is negligible
compared to unity. Hence the quantity
RWC2 is a constant, characteristic of the
air condenser. For the TYPE 222 Pre
cision Condenser its value is approxi
mately 0.06 x 10-12 when R is in ohms,
w 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," 'I'ransilctions
oj 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.

t An excellent discussion of the relation be
tween the resistance and power factor of con
densers is found in "Radio Instruments and
Measurements," Circular oj the Bureau oj
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

FIGURE 5

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

C '2

Rx=(R'-R) C:2 (6)

where Cx 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

(
C)C2

Rx=(R'-R) 1+ ~ C
x

2'

Thus for a given ground capacitance
Co, the resistance Rx as calculated by
the simple formula, equation (6), is
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 50 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

* Credi t for the original derivation of this case
should be given to Mr. R. P. Siskind of the
Department of Electrical Engineering, Harvard
University.

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 wi th 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 TYPE 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 Ca and
Ra 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 C' 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 capaci tance was in
creased. Then, since for both cases the
unknown capacitance and resistance
are unchanged

C'2
Ca=C'-C and Ra= (R'-R)C

a
2

Ca2

or C'=Ca+Cand R'=RaC'2+R. (8)
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condenser of sufficient size to bridge
this gap, whose capacitance and resist
ance are known. This method may be

• Appendix II.

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
T, 2, 2, 5; 1,2,3,4; and I, 2, 3, 6.

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

FIGURE 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 lOOO mmf. the capacitance
balance must be adjusted to .01 mmf.
in order that the resistance balance
may be made to I ohm. To attain this
sensitivity a potential of at least 50
volts at a frequency of lOOO 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

R's

-L,
Cs

(b)

FIGURE 6

R

Ca)

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 Ci and Ri , C2 and R2 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 = Ci+(C.- C.')

C2 (C+C)2
R2=RiC:2+(R-R') 'C22 1. (9)

The limitation that the difference 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
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or

whence the loss in watts per squared
volt is

(II)

n

"2:.Rm wCm2
R=-=-l _

and

Now, from the law of the air condenser
(Equation 5)

R.w C.2 = Rs'WCs'2
C /2

Cx= Cs' - C. and Rx= (R'-R) ~/ (13)

In the comparison of two large con
densers by the modified substitution

W = Rw2C2P .

E
1= -- =EwC

X '

n

RwC2 = "2:.RmwCm2 (10)
1

ApPENDIX II

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,

C.+ Cx = Cs'

R+ R.w C.2 + RXW2Cx2 =R'+Rs'. (12)
w (Cs+ Cx)

Since power is addi ti ve,

W = RW2C2
E2

=RtW2Ct2+RzW2C22+ ... +Rnw2C2n

W=I2R.

For the ordinary negligibility relation,
namely R2 << X 2,

ApPENDIX I

The general law for n condensers in
parallel may be easily derived from a
consideration of the energy relations
~nvolved. The power loss in a condenser
IS

dielectric losses small, it should be
uninsu1ated.

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 I 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
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.



8 THE GENERAL RADIO EXPERIMENTER

method, the two arrangements shown
in Figure 7 must have Identical im
pedances.

C.+C1 = Co' + C2

R+ R.w C,2 +R 1wC\2 =
w (C. + C1)2

R'+ Ro'wCo' +R2WC22. (14)
w (Co' +C2)2

From the law of the air condenser
(Equation 5)

R.WC.2 =R/WC.'2

C2 = C1+ (C. - Co')

R =R C12 + (R-R') (C.+ C1)2. (15)
2 1 C22 C22

MISCELLANY

~y THE EDITOR

I N 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 TYPE 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

junction of the ratio arms may make
the change themselves or have it done
by the General Radio Company for
~5·oo.

* * * *
The price of the TYPE 481 Polar

Relay described in the Experimenter
for February, 1929 has been reduced
from ~30'oo to 25.00. The code word
is NOMAD.

CONTRIBUTORS
A brief biographical sketch of ROB

ERT F. FIELD, 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 E. WORTHE

U TIL the terminology for de- has a regular hexagonal cross section,
scribing piezo-electric quartz but the shape has no definite bearing on
plates becomes standardized, it its piezo-electric properties.

is practically necessary that every Regardless of its geometrical shape, a
paper on the subject be preceded by a quartz crystal has four axes of symme
glossary. Different investigators use try, which means that if the crystal is
different terms, and it is sometimes rotated about anyone of these axes,
difficult to keep them straight even two or more positions are found where
when one is working with them every the same properties recur. The first,
day. The article that follows was called the optic axis, extends through
originally intended to serve as an in- the crystal in the direction indicated in
troduction to a catalog description of Figure 1 by the line ZZ. The other
the mounted quartz plates sold by the three are separated by an angle of 120

0

General Radio Company, but it is and lie in a plane perpendicular to the
hoped that enough information has optic axis. These are known as electric
been included to make it useful for axes because along the direction in
reference when comparing nomencla- which they lie the maximum piezo
tures. electric effect is observed. If the section

The crystalline quartz which is used of the crystal perpendicular to the optic
in piezo-electric oscillators is found in axis were perfect in cross section, the
various parts of the world, the greater electric axes would be lines joining di
portion of it coming from Brazil. It is ametrically opposite vertices. The elec
one of some seven crystalline forms of tric axes are indicated in Figure 1 by
silica, but it is the only one that the lines XX, X'X', and X"X". In ad
possesses marked piezo-electric proper- dition to these it is also useful to con
ties. While other varieties exhibit sider another set of axes designated by
them, the kind ordinarily used ("low" rr, r'r', and r"r". These lie in the
quartz) is the best. It has a structure same plane with and make angles
similar to that shown in Figure I, al- of 300 with the electric axes. They
though in the natural state its shape are therefore perpendicular to opposite
may be imperfect, some pieces having faces of the crystal. Mr. F. R. Lack
no flat surfaces at all. For explanatory of the Bell Telephone Laboratories,
purposes, we assume that the crystal Inc., has used the name" mechanical

[ 1 ]
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FIGURE J. This drawing shows how X-cut and
Y-cut quartz plates are oriented with respect to
the electric (X), the mechanical (T), and optic
(Z) axes of the quartz crystal. The top section
represents a Y-cut plate; the center section, an
X-cut plate. The T"T" axis would coincide with

the ZZ axis and is not shown

axes" to describe them and al though
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 uncut
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 is 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 represen ted in Figure I, 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 eX)
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 Y-axis, or a "face-parallel
cut" because the face is parallel wi th an
electric axis.

The diagrams of Figure I and Figure
2 should not, ofcourse, 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 I
COMMO NAMES DESCRIBING THE TWO USUAL CUTS FOR

PIEZO-ELECTRIC QUARTZ PLATE

R
X-CUT I I ::c::-s~Nn:~~n~IU;o I ~~~~~.::R~~~- I

ecause norma to f f
f fl' 01' ace 0 plate or Because face of or
ace 0 p .ate IS I makes angle of I plate is perpen-I

paraU.el wIth a.n 0 0 with an elec- dicular to an
electnc (X) aXIS tric (X) axis electric (X) axis

V-CUT I 3o-DEGREE CUT I FACE-PARALLEL

B I
Because normal to CUT

ecause norma to f
face of plate is or face 0 plate or Because. face of

II I . h I makes an angle I plate IS parallelpara e WIt a f 0 •hi'r . 0 30 WIt an to an e ectnc
aXIs electric (X) axis (X) axis

CURIE CUT

Because the Curies
used crystals cut
with this orien
tation when they
discovered the
piezo-electric
effect

SHOWN
Center section of

Figure I and
Figure 2b

SHOWN

Top section of
Figure I and

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 Y-axes and the
distinction between X-cut and Y-cut

y.
X I

(Q)

plates, the following may be helpful:
(a) Remember that one set of axes
joins opposite corners; the other set
joins opposite sides of the crystal. (b)
Associate the words electric and X with
the corner-joining positions of the
X-electric-diagonal axes. (c) 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 Y-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-

(b)

FIGURE 2. Cross sections of the quartz crystal represented in FIGURE I 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 Y-axis, opposite
charges are developed on the two
largest faces of the plate (in Figure 3,
those parallel to the Y-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 Y-axis, and compression produces
the same polarity of charge as tension
along the Y-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 Y-axis. If the po
larity of the applied voltage is reversed,
contraction takes place along the X
axis, and expansion along the Y-axis.
The plate shown in Figure 3 is an
X-cut plate. For the Y-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

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 frequenc.y-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 coefficien ts 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 5500 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 tbe I. R. E., June, 19'28.
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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 resonan t 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
and air dielectrics also modifies the
operating 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: (a)

*This is the same circuit that is used in the
General Radio TYPES 275 and 375 Piezo-Electric
Osci llators.

A
+

FIGURE 4. Wiring diagram for a typical piezo
elew'ic oscilla tor

Due to the holder capacitance, by
changing the electrode spacing; (b) 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 an amount
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 0.1
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. ot only is 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 resul t of making
small changes in circuit constants or in
the operating temperature. I t 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 0.25 per cent. of
the specified value. Plates for the 80
meter amateur band have been dis
continued.
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FIGURE 5. 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 is 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:

I00-200 Kilocycles: Plates in this
range vibrate along the longest dimen
sion and are Y-cut.

200-4°° 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 2oo-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.

40o--I800 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 0.1 per cent. This
accuracy is guaranteed if the plate is
operated at low powers and within the
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PRICE AND CODE WORDS

'I'ype Code Price
276-A LABOR $15. 00
376-B LAGER 4°·00
376-C LAPEL 45. 00
376-D LARVA 60.00
376-F LEPER 7°·00
376-H LEVEL 85. 00

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

TYPE 376-H Quartz Plates are sup
plied and calibrated to within 0.01 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 50 degrees C.) by
more than 0.25 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 oscilla tor 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.

CONTRIBUTORS
CHARLES E. WORTHEN, S.B., Massa

chusetts Institute of Technology, 1928.
1928 to date, Engineering Department,
General Radio Company.

temperature range between 18 and 32
degrees C.

TYPE 376-C Quartz Plates are ad
justed to within 5 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 statement of accuracy is the
same as for TYPE 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 is kept between 20 and 24
degrees C. (68 to 75 degrees F.). This
class corresponds rather closely to the
old Class E which was maintained to
meet the requirements of American
broadcasting stations. The Class F
limit is equivalent to an allowable devi
ation of 500 cycles at the upper limit of

-------

MISCELLANY
'By THE EDITOR

X EW booklet giving complete the instrument with which it IS to
operating instructions for the be used.
TYPE 443 Mutual-Conductance

Meter is now available and will be
sen t wi thou t 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 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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n.1 'equi'e<1 '0 ~i"e ,he ".,,,lard nm.
1"" as Ihe ""I"'.",;"n be:1~·.en ,he .e·
ai,·"" anJ ,n'erfucn.~ .ilr'al. IS

in.ctea>rJ.
1'ht pme pril>Clpk of mco...rnncn,

.1Id 'J1"< of «ju'f"D6" ran "'= u>ed in
,n~e..ig...ins ."'= <>pcnrion of portiDno
of ,he rccci~er circui •. 11>us a .mgle
nlJi<>.if«jU<1lC)' aug< or .he enrin:
...dio.imjU<nq· :unplifie. rould be:

mea...""l, de,cc''''' eh.....,cri"i""
.......J.l I.e in ,i,..cd.

The prinei''''1 <Oml"-'" of ,he
"'lu,pn>en' ""luirt\l lOr Ihcs.r Ino;s a
moJub,cd ndio-fmjumc1' "";11.,«
r"'ridcd ",id.m~ lOt-"Jj<lsrmcnl of
'" ""<pu' rvlugc fo k"""'n ...Iues 0>'''
a ...·id" range. Th~ esse",i.1 ~ui",_

m.n, of a gene""M fo, ,hi.. 1''''1''''''
If ,h., ;, l'""lu,"" ." o",u,otol)'
kllo,,"'n vol,ag. b",...·..n ,....... 'I'u' ter·
n,inals anJ n.....'here else. [, is ......diIJ·
rcaliZ«l ,h", if ,he "",ri"e, rid<> up
~ from .1Ie gcn.en.''''' ;n ...W"ion
'0'''''' _red at;U inptll'erminals.
,ke: ,ose ..-ill of no ,'al...,. n.., fi...
,_l'«juirm. " of ,he g<nerator 1t't.

'he",fon:, ..l«ju>le ohieldinlL! .nd •
means of adjus<ing and .ceu""ely
d<tcrmining its "01'1'''' .-.>!tago ""e' a
wide rango including "rry .molt m"g_
ni'ud.,.. The prOOlem of sh"~ling.

...·hile q"i,. 'l'OUbl<3<Kl\e. ;nvoh'CS onlJ'
,h. OpphClltion of kt\o...'n principlcs.

I. If t>cce$$Ory' 10 obtain OIl'put "01·
' ... of 0 r.... mimwollS. ~""" tJ>cn,
io _ t-n -.ho.i of _tinS ouda
,-ol"ge< di"",d,', it IS ~rr .0
aUenU>te a mn......bk vollage Iry'
m~.ns of. "",I",lobl. ne.work ;n o,dcr
'" "h..;n ,·ol'.~ •• <if ,hi. magnitude.
Th. dcs;~1\ ,,{ .n ."en".to, which IS

0«",••• at b"""ka" {roll".n,"" i. 0
1',u!,I.", of """side,.I,I. J,ffi",It}·. The
",ll,ogn ;n""h-ed at ,..., """'., end. o{
,lie at,,,"uo'" '''' .. small .hot m;nu,.
pocku,,", anJ 1""'00 ",..en.. .;n
IJTC"dy .if"". ,h.. ""'1'''' \'(1/••• n..
deMgn of _h on a"coWl'''' ,n'..,I,·es
....t 0<11y lhe dal¥n.nd Jap"" of uni,..
which ... ill ha,·~ negligible ",a.,an"" in



VOL IV, No, '0 ~1.I.c~, '9.10 J

d,~n,""h'", ~nd I",'ween unit> in 'he
o"muoto, '>Sembl)', but .1", the loc._
tion of ground. 'nd 'e'u'n <onducto..,

The Gener~1 H~dio Com1'~n,' in
cnOpern'ion with ,h~ R'dio F'.t]llenc}'
I.~ho,oro,ies, Inc., brought ,,'" il>
origi".1 Stlln<1~r.I_Sign11 Gene'~to', ,he
T"PE 4°.1, j" June of ,,/18, This in_
stnlmen' pro\'ided ~ m"']ulated OU'put
;" ,h~ b,,,,,JC'Sl range .dju",!>I.
be'wc..,n , .n,1 100,000 miero"<>1".
Complele .hielding of the gene'ato'
I""mittt'd i" uSC "'i,h unshiddc"l te_
eei,'e".'

\\'hil. the T"."- ¢J S'~nd"d_<;i£n~1

Generato' p"wed emi,d,. ••u,focto'r
fo' the ".... ior "'hioh it w"' d.,igned,
de\'e!oplllellt .,,,,k <ii'''''I«1 p~,ticu_

btl)' or 'hc e1imin.tion of its three
p,in';p.1 Iimil~tions w", oon'in""".
hrst, .nd prob.b],. mos, import.lIt, i,
"'a, no' re"lil}' .d'p,.Lle for u<e .,
f''''l"e"cies out,ide the b"""lc~,t h,nd,
Se"""d, tile rodio-f''''lurnc} meill,tor
wa, ''''J''ired '0 deli,·.. >0 much power
thot oxt"n.1 h.rte,ie. were n",.,.ory,
""hieh ""nou,l)' impaired the """fuln",,"

'" l,"~.~of I(.dio 1(,«,"...," C".",.I II.,}!,

f"f'"'"'"''''' K"""",o." '9'"

of the i,,"n1n,ellt for soeh l'u'P<"'" a,
field ...tren gth me..memen" where PO!!•
aLili,}' is .n impo!!'nt c",nsider.,i"".
Thi"l, 'ho eI"borate<hielding made tile
r""'''"' of rh30ging 'ube> or maloiog
othe' adj,,,,,,,,"t. ioside ,he g,,,o"""
exc....,,,·cl,· ioml"ed.

,-\s a ,."lIt of ,hi, p"'!:ra,,,, lh~ n....
T""E ~oJ-1J S,.ndard-S;gnal GeM'"''''
wos pl><e<l in produc'ion lost ,o"'mer,
The mo.<t ,adie.] design d'''''gr ",.. ,he
loweeing of 'he powee ill the oscilbting
ei,ruits,.The olde' model "SCJ 'lO_'}')>c
,,,be, w\th '.15 "OilS on the "Iato, and
i", ,adio-f'eqllenej' oscilb,o, dehe..rl
roo milli"m!""", to ,he "Uen".lor
"}'''em. ]n the Tn£ ~O.1-1J S"",da"l·
Signal Gene",'o' "-trr~ tul>cs were
0",,1 "i,h • I'I.,e-b.u",)' ""I"'ge of
onl)' 45 "olt'; the ,,')'''' to its M'cn"'_
lO' ...,. 'ml}' 5 ",ill'.'''ll<r"" 'l"Ioi, re_
duction in le,·d of 'he powe' inp'" '0
the '''e''''''o' aceomrlished ''''0 {If lhe
obj""" of ,he 'cdesigJ', Since tile
.m""nt of 'hidding ,",gel}' depend.,
upoo the 1'0"''' I"'e! in ,he 06cill.to,
ci'''"it, the chan~c permitted " "~f)'
exten,i"e ,implifica'ion of 'he shielding
'J""m, The smaller I>atl~,ies "011101 I",
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,
J*«d imide of 1M instrullltflf "';,hout
InCf't'aSing 1M Cllbine. tiu. The 0»
einating nrcui.~ alto~ to
J"trmi. <he usc of plug-in cuils, .hu. (:lI

lending ,he f<ellu.n.y ..nK" of ,h,
In"rumen•.

D<I'oIopnocnl ~'ork 0" ,he g<:llcrator,
p",..;cubny on att<:lluotor Il'''c''''_ ......
"'",-ely <'tIII(>n"ed, .ven .fter manu_
(act""" of ,he IIrW ;n"rumen' was
u.~. n.c problem of .u..........
Jesip> is p«U~.. ,n fha. il is ""O<e
difficulo '0 ehcd:. 1M I'd'fonnan« of
IW,nuaron at 10-. output ""'dl .hn
to d."ign .hem The .",Iluuor $yllcn,
had" to,.1 "o]'age atten".';on ralio
"f 10,000 '<> 1 ,,-j,h minimum Glltl'lllJ
"f. few m;cm,'Ol1S at ..adio (k<j"onci....
TlIer" is no k"."." mcthoJ of _r_
'... mi 'OI. of .11<ma';ng eu.--,
d'....rnr llllJ«~ ol_~l

'" ."l':I£CI of """h maS'll<ooc aft'
romparison ....thad. IlJId in...lv. It
I...... as gy.:u " """,ibi.Ii'j" of CrrQI" ••

does ,he all.",..!"r "rot.no b,,;ng
ch..,kcd. F"", methods of rompari50n
are a,".iJ.ablc. "1"..,u aUena.ton of dif_
(ert"l a>nSlNCUon bu. idm<iall ratios
""'y be mnncned ill~....-\0 the
atten"""",, of""" is in=-d UId .ha,
of m. other if decreased by .be __
.""",n" .Iu: <pU, ahould .....ain
ron",",,,. The , Iidi,y of ,hi. me.hod
'ea.. "" ,he K...,.,.ble ""lief ,h.. '''0
atte""";"" S)'S,,,,,,, of d;ff"e", con·
"rue';"" woo],1 not ha,'e coml'ens."ing
e",,"," all attenu••ions and •• differ·
m, f""ll>tnciel- h is ..bj~, ,a ,be
t1isa<h:""bIC .b. there is no ditel'.
india":;"" as .0 ..·hich attenll"or is
'''''''''''';bk for any ....,.. "la, m.y
"ppea<.

Another method varia ,h. CUlT,,,'
in!,"t '0 ,h. al'en""O' a, ,he '''en"••
,i"n i. eh.""c'tl. Toi, "",hod i. no<:.,.
arily confi"fd '0 a limi,ed taII"e of
"'enu.tion .'CJ"> since ,he tum:n'
inpu' '0 ,h. altdluUor must be kept
.-jlbin m. open.ting range..

A third IDdhod of '''''nIl'tor ali.

bration is wobserv. ,h. 1lU'PU' of.
r3dio rcni..... as,ho inpu' is incrnsetI.
This in"Ol,'" a kno-lcdge of m. de
,ectOf .h.,....oris,i. of ,he rcniv...
amoun';n" 10 ...Iib....tiotl of ,h. 'e_
c";ver. The d;fficult)· of su.h .altb,a.
,ion wi,hQll' a """Ct of hown ;"1""
'"{litago is oh,'ious.

A fllUnh motAod i, to h«trOllyn.
,he IlUtpu' of .h••"""..a'or under
•..., and amplify i, ••• krof.. fro.
'l""""f. An "<enu".or, ali.......o:<! ..
.1Ie low... fl"«llk""J' included in ,he Iow_
f""lueney amplifier, is u<ed '0 .!leek
tht high.f,t'!...n'l· a".n,,""'.

All fou, m..hod. depen,l "pon an
unknown receive, ,ha",.tenSlI, '0
determi"" ,he amoun, of diff....nce ,n
,he ''''0 ,-oI'''llcs compared. If ther. is
no diltcrence, bow",·..-, .1Ie rcni,',,
..........o:risUcdoa not "",... ,1M:m~
uranm' ucep' "hen ,h. thit<! _.ho.l
is ..oed.

I, is ,he "Pinion of ,hose moil' f.mil_
;., ",it~ ,~. proble", ,~.. i, i. imJ->i
bl. '0 "Ina;n • ooh.ge atten".,ion
""io of ~ '0 , at 'coo kilocydeo ,,'i,~ •
smaU... probable error ,han , pe' "dI'.
lbc rang<" of ,h. altenuat<.- uted in
the SlanJarJ.qn.1 ~,or indudcs""'n..,., : <0 I ....... n.e prob;al>lc
'ITOI" of ...h a sys.fltl may, ,It.....lo'e,
be.bou"5 percm,. h ohould be nato:<!
tha' ,his i. a limi''';071 of the ",,,,hod
of checkll\g tho .ttcnU3",", no, lI .....
...rily of lhe .tton,,",or itself.

\\"ilh i"'p"""ed m.,hod. of ch",king:
,h. a"enuatofl, ....·erallOUl'CCI oferror
,...,.., I!iaeo:wero<l, nocasitlting .h....ges
in lhe u ,or I) m. 0:luplinB f<>

.he <or l«lds round .0 dis.,
as .-dlllS coupling bo,_OWl inpu' and
....'P'" Jec:lion. of .h. altenu",or , ..hich
had a total ,·oltag. 'IImu.,ion ""io or"
'-",coo '0 J in a ,in,le 9hield.d '<)"'I'a"
men'. It "'as al... fllUnd that h."vy
turten.. Amooing in ,he dtidtling .bou,
the Ulenu,t<.- Ie' up 6e1da "'hid>
couplod in,o i•.

Several measu.... "...., adopto:<! to
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On""""e ,hcoc diffirultics. The uk <If
~ 'ype ofec.neon ...;c ron,luctor in which
the la.. po.. nti~l ";d. llr ,he circuit
f"""l a shiel.! f"r the high po'''''';,]
side dimlnat",l ,he ,rouble due tll
,."I,~ IndU""'] in the .,ring. C.pac
itl' coupling be''''con ,he ,." cnJ. of
,he ."..,ull".. ..... dimin~,eJ bv d;";'l·
i"ll i, into """ _,ion. and sli.iddi"i
diem from ca<'h ",Iocr. The ... ,ire a..
ocmbly ..... ,1lctI ria""" in • OCV"""e
shielded t;(Imp"""-' tkttnnu,· i.o
b,cd from tItc ,....,n "'iclJing CSCItp'
for a ........","'_ at one 1"'"'"

With Ihn ne" ~"en"~tOr...hich i. a
"",,,"en,ion.1 L.nelw",k, a mIXimum
'or,.] probable .rror in the .ucnu..",.
Iyll= of less than '5 I"" cent. il in_
d;c..,ed. In ueher wonb. ,h. cnur in ,h.
.",alles' ""'pu' voltage 11"" '0 tl.e
a"<1IultOl" i. lett lhan I; per """,'. if
all of the individual "'"""" be'''-'''''''
""1"" .ere ""m\ll~.iv•. The ~bk
""mulat;v" .......... of f1JU....,. deen:a5es
u more _tioftI of the ,U""uat... a...
"''''''''ed from ,be a_i. '" "".~ia <he
tug..... vOl..,."..

n..:: TYrX ,.e>J.C S'andanl-Signal
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,
Gen.""or, as the b.t.., design of 'he
.."". ' ..o,rumen, hu benl d<Signue<l.
"""..... ~ti.llr of :>. modulated
,aJM>.-f''''Iuen<!· _ill.,,,,. The 'unlng
rlngectnertJ b~ fi'eroll~nu:nJ5from
'i '" liOO li""'~-ekJ. In .ddition '0
t~nuln ...n'.................,.IleC<II>d:uy
f~uen<l' ronln>! is I,,,,,';dcd for u~ in
ukmg...kc"'''J' ""n·",.,.~:>....,aIl
ebnge in fTCtjUCft(I" i. ~=l. This
ron,"" consia•• oJ :>. "'I'J'<" _tor
.. h;d, mow.. ,n .hoe lidd oJ ,he. lUn;"g
..... anJ en.....,....ts iadu.:••nn:.

5;""", ."",~ chang<' 0.1......
,IUs aJiu"uncnt ...,.,lu from :>. dl~

In ia<!lKran<e, the pnnnt20gt""huge in
lk<lucncr lOr :>. &i'''' ."ing is no,
dirttth afFected br .he 1C'l11ng oJ .hoe
",.in lUning ron.ro!, .. hieh ehangd
,he, "'p:>.,i,y in ,he ei,cui •. .\lodului""
IS prnYkl~l for ,,"h • ~OC>-<:l"tle '-:K"U

urn·rube, ...,ll."... included in .he
generl''''. Ternll""l! WI external mod.
ul.,i"" "'lIh lnl"" l~l. 1,roperlr 61·
1<1'ffi 'I} elimo..... r:WlO...fk<jucnn
le.ka~. 'r' abo pmvi.ted. The external
<n<illa.or Ih""ld lx .01'.1>1. of main_
'.i""'g .boll< I( "01.. :>.c,,,,, '<00
on,n. In order to 1"",luce.;o p'" ce",.
modula,ion.

Tho inpu, """.n, to ,he .It.''''"''''
i. r<>d <>n a ,h.rm""",,!,l. mot••
.ahh","M ,n mt<rovolu, and ,he
altenna'.". i•••lihra,ed u a moltiplier.
The >".no>,,,. h•• a 'W)n,r<>.'''"O
",.upo" ,ml'"dan<l' <Jl .1'I...."timnd)
'0 ohm. at .11 .t<flll nttp' the "'0
<"" ........><1inll '0 1I.... 'e.. """1"" 0"01,_....

Tho e,"i", UKmb/I' it endDoed in >
dlidded albinel. ~~'er C't1'tU;,,:arc in_
duded ill .~ Ind. to tIN: _,m, m.k_
"'IlI<TftIli"ll,n iron' or ,IN: "''''.... UD_

........'1' '1 he ....,"'''''''', aD be Ukd

.,tIl uuJliekled <>:«i"m -..it"""'••n,·
poc:kup iTom ,he gencn""" "The moO:
!dISO"'-e """'. tB ....JaWe h••,,, r.,1ed
..,dc."". 'O\'1ipaI 'nIl,. ..ben <<In--

nce'M .., .he ......."" ..,til .he gen_
omlor ""'11'0" ,.i,.h .., •• zen>.

,\ ...n,lanl <l"mml' ant....n. mod. in
o"",nJ.nce ~i,h ,he '1'""i/io..;o,," or
.he [n"i.".. I>r 1I..,lio Eng,neers i,
O\·ailoble. Ir, ron.lanlS .... :

In.l"tnnl'" 10 microhenn"
Capa<i.. n<"O lOO mieromi<T;'f.~.
lI.<,<i ,.n<"O , l; ""m,

Th" df~i,,: bcillht i, ,.k"" a, r. ....r..~
"The Tv~, "J.e St.....l...I-5tp>J

<'........ ,or requ'''''' ,wo 1l.1~'J'<' '·.cu·
urn 'u",," for """"",ion.~ ia pm
.'!.l<d in ,he cabinet for ,Ile ..........,.
boo........, '.e., t.;.-d1S for.he: fil."""'I.
and .; volt, and fry., .,01.. roc ,he
pl.,.,. <Jl the ".,110" and IItOdulatmg_
«<ill.,.... l\Ibes. 'df"",,;'-dy.

"The TnE -fOJ.C S'atklatd-Signal
Gener.t'or f ,he r..tu.... 'e_
'1uircJ f.... ,he m............... of reoei.-e.
.h....te,;,.io. wIth fa.ili",. n.e volt_
age or ,h. """pu' 'l'"om' is ron,inu_
<>USII' .-anable O"e" ..id. raog. leak·
.ge i. fI-~lu<..1tl>' mm;mum, pcrmi..ing
'he me:uu••meo, uf v••}' seo.i,',' •••.
«i,·.". Sdee,ivil)' CUrt·... m.y he
••pilll}' run h\' '1St: "f ,h. lino a<lju_"_
mOO' or' ,he f.o,!"",.}' .0" ,,,,I. Th~ "SO
~f ••""".1 tIl",l"I.,i"n ",,,k•• ",..,·.11
~ha.a<t~.;"ic. rCOliilr ~h,.m.bl •.

The ..,..v.. of liilf', .... ~, j. and 6
are jllu",."ve uf ,he ,)'\'< of .e<~,'.r

d.'a ,10.. i, ob,,,m.ble ,,'ith toe .,sn.!
g'Oc"Wl". The df"", of .id. band "',_
,ing ,. """",.hI. 00 the .udio-f..._
'1"""e!" .ha..."en"ic of h~urc 6.

Wh,l. ,0• .,.ndord"';l"al ~encrawl"

i. used ""'",,tivdf ,n ,,,,,';"e' ,."ing:,
b<u:h '0 lhe I.bora",,},.nd 1M produc_
,"'" Ii.... u. u_ or. not limned to te_

«ivcr perMrmantt ,..u. ... noxheo-..-id.
""'go <Jl \lSCNI_ of .n in"Nmnet of
,his -., pooJ""ms • k_n .-ul'age of
......u ","",'tude, is in tile ..",...,temeDt
of ,he ffldio-fid.l mten..,}' (/idd
.....ns,h) ... ,..!UtI""..... ~ put••
bili.J' <Jl til. lIU'N"'''''', .uh all boo._
t ..... con,.,ned in ,he a1binet. is of
partieub.' a.lnn,.in ,hi. conn"";"".
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FON nperimcntal ........ In <he
labon..",,· _""n an nact capac;.
,anC't' ""lih...."on is "',. t<:<[u,r<>d,

high.gTOd' ,·an.I,le OiT """'kn!J<r$
buill ("r ...Ic '0 ,h. "'Ji" hMado;-a.,
on<1 ..<I;'" .m..."r «p.:r,,,,e"t>l fields
"l:I)' "(.e,, I", used. Tl", Ia,·... "'toe
• nd ,"or 011 .h. nlib,.,..l in"ru",.nts
ond mat..,.II)' ,<duces the IM'O$'m''''

C.,\Wt·ORD

in """i~'. M".. of ,bc""rmrnen,al
"",d.n,.-n nm" 00 ,h. '"'""'c, hi,·.
b«:n d""'l:"",l for uS<: .. 'un;ng
'Onlrot. in __ill."...,· ciKui.. "'here
n ",I<'",.hl, ,h, ,I.c·on~. ,,( "".,ion
bc \.'ruportLo".1 .,;.her '0 "'al'ele,,~.h

or 1''''I"cncy. S,n« .""Jen",,., ",,"h
",.igl".lin, ",,,·clcng.h .nd s.raight.
lin. ("'l"cnn' pl.,~ do no' h••,. ,h.iT
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capacitances proportional t<, ..,,,inS'
one often "'.nlS to know ~ow muc~

,he c.p.ci'ancevorie$ ftom ,he .tr,lig~'_

line]aw,
I, is ob"io"., of COU""', ,ha, '~e

,0101 c.p.eitance in a citelli, is dirtctl)'
propo«ion.] to the square of t~e ",11"<_
lens,~ .nd inl'e,...,l)' proportiOl,al to
,he square ot ,he frequenc)', .... <on_
denser '0 f<>llow either a ",r.ig~,_line

w. ,'eleng,h or • "raigh,_line fr"'l"etlCr

law mu" ~",'e '~e ,Io~ of its cap",_
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A Tu II G-FORK AUDIO OSCILLATOR

"By CHARLES E. WORTHEN*

around the circui t consisting of the sec
ondary of cr\, the drive coil D, the
condenser C" and the primary of
the output transformer cr2• A portion

FIGURE I

B=

J

FOR a variety of measurements in
the 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 I. Referring to this
diagram, F is a tuning fork which
serves as a frequency-con trolling 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 M, the
battery B, and the primary of the of the available energy is fed back
output transformer crl . An alternating through the drive coil to keep the fork
voltage of the fork frequency is then in motion, and the rest is supplied
produced at the secondary terminals of to the load at the secondary terminals
crh and alternating current flows of the output transformer cr

2
• The

• Engineering Dept., General RadioCompany. condenser C1 is used to shift the
[ I ]



2 THE GENERAL RADIO EXPERIMENTER

(0)

FIGURE 2

(b)

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 I

exclusive of the output transformer can
readily be adjusted for maximum
output. \Vhen such a condition is
reached, the output voltage contains a

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 I. 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

)

FIGURE 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 Ro is the internal
impedance of the oscillator, RL 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

X
and is equal to ~X where ~=R'

Its impedance at a harmonic frequency
which is n times the fundamen tal is

_n_ X. The ratio of the funda
n2-I

mental impedance to the harmonic

. h n
2
-I 6) h' I 'impedance IS t en -- 0(" W IC 1 IS
n

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 RL be
comes large compared with ~X, the
ratio of fundamental to harmonic

n2-I
impedance approaches -- ~ for

n
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
arrangemen t shown in Figure 2a would
require a prohibitively large value of
condenser. This difficulty can be over
come by using 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

Xli = X/~ for values of coupling

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 I, 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. nder 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 40o-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
looo-cycle tuning-fork oscillator, the
TYPE 213 Audio Oscillator. This has
been redesigned to include the filtering
arrangement we have just discussed.

The new ou tpu t circui t makes ita
relatively easy matter to build these
oscillators for operation on other fre
quencies, and, in addition to the 4°0
cycle and the woo-cycle models regu
larly carried in stock, instruments for
any loo-cycle multiple in the 4°0-1500
cycle range can be built to order.



A AUDIO AMPLIFIER FOR THE LABORATORY

'By ARTHUR E. THIESSE *

THE TYPE 645 Laboratory Am
plifier illustrated in Figure I has
been designed to fill the need for

a two-stage audio amplifier of the
greatest possible flexibility to be used
for general experimen ting. Because of
the widely varying requirements of
different experimenters and since the
needs of every experimen ter 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 TYPE 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 TYPE 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 filamen t 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
50 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-

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 5 decibels at 25 cycles,
and 4 decibels at 10,000 cycles.

The amplifier is designed for opera
tion on 105-115 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 ohms. 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 5 per cent. harmonic

I
4 1"f
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FIGURE 2. Wiring diagram for TYPE 6-l5 Laboratory Amplifier
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FIGURE 3. Frequency-response characteristic of TYPE 6+5 Laboratory Amplifier

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

Any circui t con tammg 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 sui table 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

S8S-D Transformer 1:2 plate-to-grid
S8S-H " 1:3 ·5 plate-to-grid
S8S-G " 1:3. 6 line-to-grid
S8S-M " 1 :27 single button microphone-to-grid

S8S-M2 " 1:27 double button microphone-to-grid

S73-A Resistance Impedance 1:1 plate-to-grid
Coupler



TYPE 586 POWER LEVEL INDICATORS
For measuring and monitoring power level in
all kinds of voice transmission and recording
circuits.

Range -10 db to +36 db

Prices
Cabinet Model. . $60.00
Relay Rack Model.. " 64.00

Engineers and Technicians: Catalog Supple
ment E-100-X gives a complete description.

Send for YOllr copy today

TYPE 213
AUDIO OSCILLATOR

The old TYPE ~13 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
plicity of construction, and
low cost.

Type Frequency Operated Depth W dght Code Word Price

*213-B 1000 cp 6 volts, d.c.j 5 lll. 5 lb. ANGEL
*213-C 400 cps 6 volts. d.c. 6% in. 5% lb. AMUSE

* 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.

'34.00
42.00

TYPE 645
LABORATORY AMPLIFIER

Price
$78.00AMBLE

Code Word
645

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

Type

GENERAL RADIO COMPANY
CAMBRIDGE A, MASSACHUSETTS

RUMFORD PRESS
CONCORD. N.H.
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t A. W. Hull, "The Dynatron, a Vacuum Tube
Possessing Negative Electric Resistance," Pro
ceedings oj the Institllte oj Radio Engineers,
February, 1918.

XREAT deal of attention has been
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 Hullt in 1918. The reason for a
renewed general in terest 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.

The staticlp-Epcurves of a 224-type
tube are given in Figures I and 2. In
the range of plate voltage which lies
roughly between 10 and 40 volts, the
plate curren t decreases as the voltage
is increased. This means that the in
ternal plate resistance, which is the
reciprocal of the slope of the Ip-Ep
curve, is 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

THE DYNATRON

"By CHARLES E. WORTHEN *

itself which are immediately attracted
away from it by the higher positive
poten tial 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

circuit ( which is closely given by tR)
is equal to or greater than the negative
resistance of the tube. The frequency is

I
then given approximately by ,

27rVLC
and more exactly by

I 1'-----'--1(-'--------R-1)2
27r'\J Lc- 2L+2Cr

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

[ I ]
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tance of the tuned circuit and r 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 extremel y 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 cea e is
reached when r becomes greater than

C~' For a given value of negative re

sistance r and assigned values of Land
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)

. '11' Land In order to produce OSCI atlons, CR

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 90 volts
(preferably 90) 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

FILAMENT

FIGURE .1

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
con trol. 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 con verted 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 vol tage
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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FIGURE +

peak. When the dynatron is used for
this purpose, its plate-current meter
can be used for resonance indications.

If a pair of telephone recei vers 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.
I t can also be used to measure tuned
circuit resistance. If the control grid
bias is adjusted un til 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

* Op. cit.

r = fR" The negative tube resistance

can be measured in a number of ways.
Iinumat 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

h . b R1 Ro. Rt en given y 1- = R R- since 3 = R~.
2- I

Very precise measurement is possible
with this arrangement.

The u e of the negative resistance
characteristic of the dynatron in a
resistance-coupled amplifier has been
described by Dowling.i

t Hajime Iinuma, "A Method of Measuring
the Radio-Frequency Resistance of an Oscilla
tOry Circuit," Proceedings of the Institute of
Radio Engineers, March, 1930.

tJohn J. Dowling, "A New Method of Using
Resistance Amplification with Screened Grid
Valves," Experimental Wireless & 'The Wireless
Engineel·, Volume V, No. 53, February, 1928.



USES OF POvVER-LEVEL INDICATORS

"By ARTHUR E. THIESSEN*

THE instrument which indicates
the level of power in a telephone
transmission circuit is 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. 1.

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. t

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
10 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 = VZW when W = the power in watts and

Z = the impedance in ohms.
The impedance, Z, of a transmis ion line is

given by the formula:

Z= V~
where Land 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 Figure 1. AA 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 AA 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 A 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.

[ 5 ]
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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 maybe 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 recor I
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 tal ki ng pictu re
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 especiall y
trained and under the guidance of a
careful conductor, will sometimes cover
a volume range of 60 decibels, or
1,000,000 to I. For th is 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
0.1 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
INDICATOR

FIGURE I

TWO PAIR
TELEPHONE CABLE
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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 is desired to emphasize. The value
of the resistance determines its effec
tiveness. everal of these networks are
sometimes connected across one jine
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-

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
th rough 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 is 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. ac.cordance with the
impedance across which it is con
nected.

EOITOR's OTE: 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

(.ONCORD. 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

ON June 14, 1915, the Secretary
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
ofa pioneer company
is interesting 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.

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 1915,
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. 'Ve 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.

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

Building TO. 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.

A t 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.
I t 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

companies, organized to manufacture
receivers 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. ew 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 60
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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of items requIrIng special production
methods.

It is not brick, nor mortar, nor ma
chines, nor capital that makes a suc
cessful organization. It is the persons
whose lives are associated with the
organization who give it its existence.
It seems thus fitting to include in this

TYPE 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
limi ted to those having
contact with engineering
acti vi ties.

A few weeks after the
United States entered the
World War, there appeared
at the offices of this Com
pany a man who offered

his services to do whatever was possible
to aid in the winning of the war. Know
ing the position the General Radio Com
pany occupied in the field of radio
research, he felt that through it he would
be best able to contribute his services.
This man was Henry S. Shaw, now
Chairman of the Board of Directors.

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

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 transmi tter. He is also
in teres ted in meteorology and other
geophysical subjects.

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

TYPE '289 Fading Recorder.
.'\. galvanometer and motor
driven recording tape used in
studies of radio signal 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 'J1YPE 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 mem ber 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 Presiden t 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 Vermon t
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

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-lo s 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 edford,
Massachusetts, on March 22, J892,
and was graduated from the Massa
chusetts Institute of Technology in

H. B. RICHl\lOND
Treasurer

the class of I9J4. 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 1908. While greatly re-

senting being cajled a New England
farmer, one of his hobbies is f1ower
growIng.

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 measuremen ts. 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. \iVan-en
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 J9J4 ~Ir.

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 . S. aval Headquarters
in London.

r. 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....

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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J. WARREN HORTOX
Chief Engineer

that l'1r. Horton, who was at that time
with the Laboratories, fel t that he
should carry his studies further so as to

niversal Gain-Loss Set for determining
transmission characteristics of circuits and

component parts

include an engineering degree. He left
the Bell Laboratories in J 926, and
entered Harvard niversity, 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..-\RGUIMBAU
fl,ssistant 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 thi fan mail fell
to Charles T. Burke. It is not alone in
this field that 1\1r. 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

CHARLE T. B RKE
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.
1r. Burke is a Member of the Institute

of Radio Engineers, and an Associate
1ember 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 \V. 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 niversity. Dur
ing the war he was Assistant Radio Aide
at the Charlestown Navy Yard, and
later Chief Electrician, U. S. . R. F.}
stationed at Jew London, where he

TYPE 355 Transformer
Test Set. An early ex
ample of test apparatus
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Recording Oscillograph
Used in oil-locating surveys

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.

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. L.'\MSON
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 I909, but
has been three years at sea as a reg
ular commercial operator. During the
Vermont flood of I927, 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
:\ssistant Engineer

the Navy, Coast Guard, and other
governmental services.

Prior to joining this Company 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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JAME K. CLAPP
Engineer

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 fI ying.

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 4oo-cycJe 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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Individual calibration of
TYPE 358 Wavemeters

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

ROBERT F. FIELD
Engineer

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
engmeers.

Mr. 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.
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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.

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 assachusetts 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 crhe
crechnology Review, an engineering
journal published by the M. 1. 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 \iValter 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. BOUSQ ET
Assistan t 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 num bel' of technical societies in
several of which he holds the highest
grade. He is a past presiden t 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

DR. G. W. PIERCE
Consultan t

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-



18 THE GENERAL RADIO EXPERIMENTER

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
~hemical 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.
Mc~lroy, with title of production
engmeer, operates a shop within a
shop. In order that drawings and pro-

TYPE 51 I Syncro-Clock with
special micro-dial which per
mits time-interval compari
sons to be made within 0.01

second
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PAUL K. McELROY
Production Engineer

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.

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, JL,

a graduate in electrical engineering of
the class of 1921 of Northeastern Uni
versity, has been chosen our Commer
cial 1\1anager.

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. HILL , 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 departmen t 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
rildio 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.



TheGe
Exp~lI

VOL. V, 0.2

1Radio
nter

JULY, 1930

THE CONTI UOUS RECORDI G OF

PULSE RATES

'By HORATIO W. LAMSON

AN illustration of the interrelation of the
ft sciences is to be seen in the increasing

usc which the members of the medi
cal profession are making of electrical

equipment in the diagnosis and treatment
of the ills of mankind. For example, it
is well known that muscular contractions
are accompanied by more or less pro-

FIGURE 1. The cardiota
chometer in u e in the labo
ratory of Dr. A. V. Bock at
the Massachu etts General
Ho pital, Boston. The
patient exercises on the
trC<'tdmill while continuous
recol'ds of the pul e rate

are taken

[ 1 ]
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HEART BEAT RECORD

OMITTED SECONO! TIMING RECORD

FIGURE 2. A fujI size sample record from the cardiotachometer

nounced electrical potential. Extensive
u e has been made of this phenomenon
in diagno ing and studying disea es of the
heart.

By means of the electrocardiograph, the
voltage wave produced by the systole, or
contraction phase of the heart-beat cycle,
may he 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 cau ed by the systole of the
auricle followed by a quadruplex wave
produced by the sy tole of the ventricle.
Thi whole cycle i repeated about 80 times
per minute. An analysis of the hape and
timing of these complex waveform gives
the physician many data concerning the
functioning of the heart.

In order that satisfactory records may be
obtained from the clcctrocardiograph. the
patient must he in a condition of compara
tive repose 0 that the sy tolic waves will
not be confu ed or obliterated by other
potential due to the contraction of muscles
not involved in the action of the hcart. It
i , therefore, impractical to use the ordinary
electrocardiograph for recording or timing
heart action when the patient is cxercising
or is in a state of physical exertion or mus
cular strain.

The heart is primarily a pump for supply
ing the revitalizing blood tream to all
part of the body. Mental emotion and
mu cular activity demand an increased
supply of blood which is met, in part, by an
increase in the pul e rate. It i , therefore,
important to study in what manner the
heart meets the demands made upon it, how
soon it hecomes fatigued, and how rapidly

it return to its normal rate after the ce sa
tion of muscular activity.

In carrying out uch fatigue studies it
wa very desirable to have some technique
for accurately mea uring the pulse rate of
the patient from momcnt to moment during
cxercise. For this purpose, a pointed out
above, the elcctrocardiograph could not be
u cd. Rc earche along these lines con
ducted by the Fatigue Laboratory at
Harvard niversity disclo ed the fact that
the slow rhythmic clectrical pul e , due to
the y tole of the heart, contained a certain
"murmur" or higher frequency component
of the order of 30 cycles per econd. The
magnitude of thi murmur potential is very
small compared to that produced by the
primary systolic waves. everthele s, it is,
fortunately, peculiar to the ystole of the
heart, and does not exist to any ap
preciable extent in potentials developed
by the contraction of any of the voluntary
mu cles.

U e is made of thi phenomenon in the
cardiotachometer, or heart-beat counter,
recently developed by the General Radio
Company in collaboration with Paul S.
Bauer, Scientific As istant at the Fatigue
Laboratory, Harvard University. Tllis de
vice contains a selective vacuum-tube
amplifier which responds only to this
"murmur" component of the sy tolic
waves and is quite insensitive to the pri
mary waves due to the systole or to any
voluntary mu cular contraction which, in
either case, would have a much lower fre
quency than the murmur. In thi manner, a
di tinguishable impulse may be obtained
at each systole even though the patient be
exercising. Thi impul e con ists 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 impul e per second.
In this manner, by comparing the two
simultaneous records, an accurate and con
tinuou 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 ha no relation, as far a its hape is
concerned, to the primary wave obtained
with the electrocardiograph.

In order to pick up these muscular poten
tials to the best advantage, two small disc
electrodes made of Monel metal and about
one inch in diameter are worn by the pa-

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 variou 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
ubsequent recuperative period.

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

FIGURE 3. The cardiotachometer with amplifiers, syphon recorder, timing device, and power-supply
acce. sories mounted on a castered table
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Figure 4 illu trates the variation in the
pulse rate of a dog while running at a peed
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
sy tern. With the normal dog, the initial
rise in rate is more rapid, reaching a con
siderably higher figure, and gradually sub
siding after the fir t minute. After the
operation, the rise in rate is seen to be much
slower and no reduction occurs during the
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exercise. The recovery of the normal dog
after exercise is noticcably more rapid.

Figure 5 gives records obtained from an
athlete running at different speeds upon the
motor-driven treadmill. The e curves are
elf-explanatory. It is intere ting to note

that the athlete's heart rate increase while
he anticipates the exercise, an example of
natural accommodation.

While experimenting with this equip
ment, the writer had an opportunity of
making some intere ting psychological
tests to record the reaction of the heart rate
of children, ages five and even, while Ii ten
ing to the reading of "thrilling" fairy
tories. A di tinct irregularity, ometimes

of acceleration and sometime of decelera
tion, wa observed during emotional pas
sages of the stories. What data were ob
tained seemed to indicate that recovery to
their normal rate was Ie s rapid in the ca e
of tales with which the children were thor
oughly familiar than in the ca e 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 pre ence of the electrode . It is be
lieved, however, that while exercising, mus
cular activity soon render the patient
sufficiently unconsciou 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 po ible that
equipment of this sort might prove of some
value as a "lie detector" in criminal in
vestigations.

Figure 3 how the General Radio car
diotachometer. All of the equipment is
mounted upon a ca tered table, thus mak
ing it readily portable. The three-stage
amplifier unit utilizes special tuned 30
cycle transformers as the interconnecting-

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 ingle
tube amplifier whose output plate current.
consi ting 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 pas ed an adju table direct cur
rent, opposing or bia ing the current pul es
from the amplifier. This electrical method
of adju ting 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 yphon recorder is
energized at one-second intervals by a
clock-driven key contained in a cabinet on
the lower shelf of the table. Provi ion is
made for omitting every tenth second from
the records in order to facilitate the count
ing of the tapes. The two independent pen ,
which are made from fine silver tubing and
which operate upon the syphon principle,
trace closely adjacent records upon stand
ard %-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 llO-volt direct-current source.
A charging panel on the end of the table
affords means for charging the storage
battery. A light modification in the de ign
would render the equipment operative from
a llO-volt 60-cycle-current source.
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~y THE EDITOR

THE General Radio cardiotachometer
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 u es, a 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 i , of course,
the tuned amplifier which amplifies the
desired impulse and at the same time filter
out most of the extraneous one.

As a result of it 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
indu trial field for vacuum-tube mea uring
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
pre ented in the Experimenter.

It is our hope that Experimenter readers
will find such discussions as thi 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 editing of a new catalog of General

Radio laboratory apparatus ha been
completed, and the fir t copies are off the
pre . 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 person whom we
believed would be interested in the use
of General Radio laboratory instruments.
To each name in this latter group, we have
mailed Catalog F.ll you would like to have

a copy and feel ure 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 di tribution
of the catalog to laboratories, engineer ,
and other u ers or prospective user of
General Radio laboratory apparatu .

Besides its regular line of laboratory
apparatus the General Radio Company
manufactures testing instruments, com
ponents, and mi cellaneous acce orie for
the u e of radio servicemen, public-address
men, sound technicians, custom set build
er , experimenters, and amateurs. For the
special use of the e groups, an abridged
edition of Catalog F is now being prepared.
It will replace the present Bulletin 931, but
it will also describe our complete line of
meters and inexpen ive general-purpose
te ting instrument . Copies of thi abridged
catalog will be mailed to everyone on the
Experimenter mailing Ii t who has not
been sent a copy of Catalog F.

* * * *
A unique fcature 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, de cribed ome of them, but we pro
pose to send out catalog supplements,
which will give more detailed data than it is
pos ible to include in the Experimenter.
'Ve are maintaining a record of your name
and addres, 0 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 tencil that addresse your copy of the
General Radio E:l:perimenter. If, then, your
Experimenter is correctly addressed, you
may be sure that your name is correctly
listed on our mailing Ii t for all catalog
upplements.

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

[ 6 ]
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vVhen 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.

* * * *
On pages 28 and 29 of Catalog Fare

described the series of TYPE 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.

* * * *
Occasionally we receive inqull'les from

readers who wish to maintain a regular
file of the Experimenter, as the re ult of
which we are intere ted in hearing from
anyone who has developed for his own u c
or for the use of others a workable filing
and binding scheme. 'lYe arc primarily

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 onc 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
seem 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 pos ible in the near
future.

Co TRIBUTORS
An adequate skctch of Horatio W. Lam

son, the author of the articlc in th is month's
Experimenter, wa 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.



Take the
Guesswork out of Monitoring

.. . in ...

Theatres ~ Recording Studios
Broadcast Networks ~ P. A. Systems

With a Type 586 Power Level Indicator

An abridged eatalog for the use
of sound technicians, installers
of public-addres ystems, radio
service men, set builders, and
amateurs will be ready within
a few weeks. It, also, will de
scribe the power level indicator.

OUR NEW CATALOG F-X
describes the power level indi
cator. Reque t it on your
busine letterhead and tate
the position you hold with
your firm, because distribution
is limited to laboratorie , engi
neers, and other prospective
users of laboratory mea uring
in truments.
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The Type 586 Power Level In
dicator requires no batteries,
tubes or other replacement
parts. It is made in a portable
model and in a model for
mounting in a tandard relay
rack.

ALL high quality sound sys
1\.. terns have maximum and
minimum volume levels that
cannot be exceeded. Low levels
empha ize background noise,
too high levels overload loud
speakers, amplifiers, and other
terminal equipment and cau e
cross-talk in adjacent chan
nels. Correct level are most
accurately maintained by man
ual control using a Type 586
Power Level Indicator in tead
of the operator's ear as a guide.

Other GENERAL RADIO PRODUCTS

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

•
GENERAL RADIO COMPANY

CAMBRIDGE A, MASSACHUSETTS
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ACCURACY Co SIDERATIOI S IN THE USE OF

TUNED-CIRCUIT WAVENIETERS

r:.By CHARLES E. WORTHEN*

PROBABLY the most common
type of frequency standard is the
tuned-circuit wavemeter. The ac

curacy of measurements made with
uch 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 it rated accuracy. As a pecific
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
den er used in this instrument has a
minimum capacitance of about 50 fJ.!J.f

and a maximum of 1500 fJ.fJ.f.

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 re onance indi
cator determine the ultimate precision
of setting. At the high capacitance end
of the scale, the top of the re onance
curve covers about 5 divisions and at
the lower end about 0.5 division. Con
verting the e value 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, IV, 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.
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cision of setting can be incr ased 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
enol'S 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
curve. If all the e error are cumula
ti,'e (which i quite possible) the ac
curacy to within which the wavemeter
can be guaranteed is materially re
duced.

.\fter the wavemeter is calibrated,
the constants of the tuned circuit are
subject to some drift due to aging
effects in the material of which it i
con tructed. Over a period of one year
this may amount to as much as 0.1 per
cent. The eA'ect 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 w:wemeter inductor, its
t:'ffective inductance may be materially
('hanged, and the calibration i' no
longer coned for the conditions under
which it i used. Similarly, the capaci
tance of near-by objects will affect the
frequency of an oscillator. When a
\\'avemeter 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
rhange 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 inver ely proportional to the
figure given, that is, the lower the percentage
figure, the higher the precision.

and may be t be determined by ex
periment.

Even when the capacity efl'ects just
mentioned are negligible, another error
may occur due to "transformer ac
tion." The coiJ of the 0 cillator and
wavemeter act as the primary and
econdary winding of a transformer,

and the impedance of the wavemeter is
reflected into the oscillating circuit.
The magnitude of the reaction depends
on the Lie ratios of the two circuits
and the value of coupling between
them. When the wa"emeter i 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 wa"emeter is not in resonance, the
reflected impedance has a reactive com
ponent, and the frequency of the oscil
lator i 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 crosse the axis i the setting at
which the wa,\'emeter is in resonance
and this setting should he nsed in entcr
ing the calibration cbar't.

The frequency change showlI in the
diagram can be detected by listelling 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 0 cil
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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o cillator power. The higher the power
of the oscillator, however, the smaller
I he degree of coupling necessary 10
prorluce a given deflection on lhe 1ht>r
Jnogalvanometer.

When the WHxemeter is coupled to a
controlled oscillator or to the output
of a power ampli£er, these effect are
usually negligible. The capacitance
effect of the pre ence 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

'"
~
...J
...J

~ RESONANCE

~ 0 F==---...-----+----------,-
~ fREQUENCY Of OSCILLATORI
~ IN ABSENCE OF WAVEMETER I

'" Iil" I
I

WAVEt.4E.TEA CONDENSER SCALE~

FrOffilE 1. Reaction of a wavemeter upon the
frequenc~' of an oscillator to which it is coupled

effects which have been discu sed, 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.

FlOURE 2. A General Radio "'avemeter of the p"ecision
type referred to in this article. The condenser is driven
by the micrometer contt'Ol 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

]OO-division scale, so that any desired setting of the condenser can be duplicated
to within at lea t one part in 2500. Besides, tenths of divisions can be estimated



SIMPLIFIED SE SITIVITY MEASUREME TS FOR
THE RADIO SERVICE MA

'By CHARLES T. BURKE*

YARDSTICKS for the evaluation
of radio receivers have come into
general u e. In the re earch 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
again t the pecifications determined
by the development laboratory. There
has been, however, no general means
available for a peIformance check in
the field. To a limited extent the
methods u ed in the development
laboratory have been applied to field
checks by some of the larger organiza
tions, but the e methods are not gen
erally suited to service testing.

*Engineer, General Radio Company.
t 1. R. E. Yearbook, 19!i!9, pp. 106-1!i!8. 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 peIformance.
Any serious fault in the receiver will
be accompanied by a loss of en i
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 COUl' e a
mea ure of the sen itivity of the
receIver.

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

,---------------------------,
I Io.OOOUl...ATIHG " ..0I0-FR£QL£NCY ~RWOCOUPl...f I
I OSCILLATOR OSCILLATOR ~TfR A:;=~ 1

II IHT~ :~~~S~E C~~~T~N T
1..T.........

! ~~NO~~.s~~~~~~ J

REC.EIVfR....,..
Tf.5T

FIGURE 1. Component parts required for the standard-signal method of measlLring sensitivity as
recommended by the Institute of Radio Engineers. Above: an outline chart. Below (left to right):
TYPE 377-B Low-Frequency Oscillator for upplying external modulation; TYPE 403-(' Standard
, ignal Generator; TYPE 418 Dummy Antenna; receiver under test; and TYPE 486 Output Meter

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

Thorough shielding i a further re
quirement for any in trument with
which comparative sensitivity mea
urements are to be made: otherwise
differences in hielding of the receivers
will introduce wide variation. 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 te t-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 it output by
definitely known amounts. This last
requirement involves the design of an
attenuator or voltage divider which will
be accurate at high frequencie and
also requires careful shielding of the
instrument.

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

field of receiver servicing, however, that
the test-signal generator ha 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 al 0

isolate receiver troubles from troubles
due to local conditions or to antenna
and ground installation. If the trouble
is in the receiver, the te t-signal
generator provides an immediate check
on the efficacy of the means taken to
remedy the defect, ince the restoration
of the receiver to normal sensitivity
can be interpreted as a uccessful 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 eliminate unnecessary
transportation of the receiver to the
hop. 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 ha
been working for a con iderable period
on the development of a test-signal
generator which will fulfill the require-

• ments outlined above. The result of

I
I -MODULATION I-- RADiO - fREQUENCY OSCILLATOR - HfRO"",, RECEIVER OUTPUT

POWER-SUPPLY
fREQUENCy ADJUSTABLE STEPPED UNDER

ATTENUATOR METER
RIPPLE OUTPUT INDEPENDENT OF TEST

I-- FREQuENCY - -I

1-------------------------,
I
I
I
I
I
I
L__ ___~S~~GN~~~E~TO~ J

I,'IGUIU; 2. Component parts required for the simplified ensitivity measurement described in this
article. Above: an outline chart. Below (left to right): TYPE 404 Test- ignal Generator; receiver under
test: and Typ~; 48G Output :\Ieter. :\ote the similarity hetween this and the arrangement shown on

the opposite page
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thi development i the TYPE 404 Test
Signal Generator. It consi. t. of a con
st ant-output Yacuum-tube oscillator
modulated by t.he rectifier ripple, and
an attenuator, t.ogether with a power
supply transformer and rectifier.

The attenuator is carefully designed,
and well hielded. The value of the
in trument in making comparison de
pends entirely on the accuracy of the
attenuator, and thi portion of the
circuit ha , therefore, received particu
lar attention. The attenuator has
voltage ratios of 1, 2, 5, 10, 20, 50 and
100; a range that will inclu Ie all
modern types of receiyers. An addi
tional set of terminals provides an out
put of about 0.1 volt for making
neutralizing and aligning adjustment '.
The error in attenuator ratios is less
than 5 per cent. for adjacent ratios,
and the cumulative error in the entire
attenuator doe not exceed 20 per cent.
This mean tbat tbe 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 tube
or to changes in line voltage. The
change in output due to line voltage
variations is approximately propor
tional to the change in line voltage and
may be corrected for, if tbe line yoltage
is measured.

The input to the attenuator i ad
ju table and i 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 cbanges 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 i less than plu or minus 5 per cent.

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

ture require considerable care in the
design of the in trument, in order to
keep radio-frequency currents out of
t he line. Sinee t he radio reeeiver is
usually operated on the same line as lhe
ignal generator, any leakage into the

line would be picked up in the receiver.
A careful study of this problem bas re
sulted in filtering in the line input to
the generator, such that the receiver
and tbe signal generator can be oper
ated from the same socket without
interference.

It hould 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 TYPE 404 'fest
Signal Generator bas a eries of relative
output fjgures, and is primarily de
signed for comparative \,ork, either
against a standard, or as a straight
comparison between two ets. The com
paI'ison does not have to be made at
the same input leyel to the receiyer,
however, ~ince the ratio between the
output at various teps 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 tbe test- ignal generator for
making sensitivity measurement, it
hould be borne in mind that a number

of simplifications have been made 111

f--------- _. .__.._..__.. .__.__~:':~'!.'M'_
i
l,
ir~~:~"..')..-] •

FIGURE 3. Wiring diagram for the TYPE 40-1,
Test-Signal Generator
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this instrument to make it best adapted
to the requirements of receiyer sen'
icing. These implifications in the
te t method are such that the mea 
urements obtained with the test-
ignal generator cannot be compared

with tho e obtained by other methods
of measurement , such as the tandard
sen itivity test outlined by the In ·ti
tute of Radio Engineer and generally
u ed in development laboratories. The
modulation in the test-signal generator
is obtained from the rectifier ripple and
is not adju table either in frequency
01' in percentage. Readings taken with
the test-signal generator are, however,
comparable among themselves. If re
ccivers of the same type are being
compared, the generator can be con
nected directly to the antenna-ground
posts of the receiyer. If the receivet's of
\\'idely differing types of input circuit

are being compared, it is desirable to
use a blocking condenser of about
100 Ililf capacitance between the gen
erator and the receiver under test.
The sensitivity of a recei"er i measUTed
in terms of the radio-frequency voltage
input required to give a certain output
power. Of two recei"ers delivering the
same po,yer to the speaker circuit the
more sen itive 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 yoltage 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
receiver mea ured.

NIISCELLA Y
'By THE EDITOR

WE are publi hing ::\Ir. "'orthen' note ha led many people to assume
precautions for the use of a that they were making much more
tuned-circuit wayemeter in the accurate measurements.

hope that it ,-viII dispel one of the The point i that the frequency
eommon misapprehensions that are stabilit:r of a heterodyne wavemeter
held by Illany users of precision wave- is no better than the stahilit~· of
meters. Thi' question has becomc the tUlling circuit with which it is
serious since the announcement of the associated. A heterod\)'Jl.e wasemeter
new TYPE 4~3 Vacuum-Tube Oscillator may enable one to minimize the error
which enables the user to convert hi in setting a given unknown oscillator
General Radio TYPE ~24, ~~4-A, or to a desired frequency, but the re
224-L Preei ion Wavemeter into a liability of that heterodyne wave
heterodyne wavemeter. The greatly meter as a standard of frequency is
increased precision of setting whieh no greater than the reliability of its
one can obtain by listening to the beat tuned circuit.

The General Radio Experimenter is published
montWy 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



A Service-Testing Oscillator
of Radically New Design

Type 404 Test-Signal Generator

SERVICE engineers (rom progressive radio manufacturers have repeatedly
asket.! (or a simplified method by mean of which tbe individual servicc

man coult.! 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 listeniug test
"ilh an a('tllal, readily duplieatcd measurement.

]n addition, it performs all of the usual (1Il1ctiollS o( the simple oscillator
ill making neutralizing and aligning adjustments.

The engineers who designed the test-signal generator studied the service
man's requirements from every angle to makc sure that no neglected detail
would mar its perfect performance. Each individual instrument is given a
thorou~h check in the laboratory to make ure that it is as good as the
original dcsign.

See this issuc of the Experimenter for a discus ion 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
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PACIFIC COAST WAREHOUSE: 274 BRANNAN STREET, SAN FRANCISCO, CALIFOR 'IA
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ELECTRICALLY-DRIVEN TUNING FORKS

r:.By HORATIO W. LAMSON*

SliMMARY - 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 forh ,yhich, 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 siligle microphone drLve serves admirably well,
Still greater precision, more powel', 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
suitable provision for eliminatillg its temperature error.

ANY simple vibrating mechanical
J-l. 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 inversel;)'
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.

allo\yed 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 ufficient
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, (P) minimum amplitude of
yibration, (3) minimum damping of
Yibration, (4) reception of sufficient
power at each cycle from an external
source to overcome damping,

The tuning fork is likewise a vibrat-

[ 1 ]
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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- ection.
When vibrating in it fundamental
manner, the ends of the tines possess a
maximum motion transverse to their
length and in the plane of the fork.
Thi tran. verse motion decreases con
tinuously along the tines and become
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 lightly
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 axi
of the tine.

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

Tuning forks have been u ed for
many years as tandards 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
tine in the plane of vibration. The
dimension of the tines perpendicular
to the plane of vibration has practically
no effect upon the frequency. 'Vhen
u ed as a standard of musical pitch,
a fork is ordinarily struck a ingle 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-preci ion standard of
frequency, it must obviously receive
continuous excitation from an external
ource. Such excitation might be purely

mechanical in nature, analogous to the
e capement 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 pul es approximat
ing the natural frequency of the fork.
If, furthermore, the e energizing pulses
are in some manner synchronized by
the motion of the fork itself, then the
fork will become oscillatory at its
natural frequency. 'Ve propose to dis
cu s variou 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
de igned to furnish directly any great
amount of acoustic energy since to do
so would necessarily increase its damp
ing. Obviou ly, if the fork is to be elec
trically driven an unlimited acoustic
output may be obtained indirectly
bymeans 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 end of the
tine . The natural frequency of a fork
may be varied by mean of adjustable
weights on the tines. Great care mu t
be exercised, however, to keep the tines
symmetrically loaded. Loading i not
to be recommended for forks of the
highest precision.

Contact D1'ive - 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 D. One tine of the fork
carries a flexible pring 0 which makes
contact with a tationary adjustable
contact point P during a portion of the
cycle when the tines of the fork are
bent inward. This contact cIo es the
battery circuit through the magnet
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FIGURE 1. A contact-driven fork (schematic)

D, tIm energizing them and drawing the
prongs outward, which in turn serves
to break the contact and deenergize
the magnets. The released prongs then
pring inward by virtue of their ela 

ticity, thus reestablishing electrical
contact between P and O. This cycle i ,
of course, repeated with the frequency
of the fork. The energy neces ary to
overcome the damping of the fork
consists of the magnetic pulses im
parted at each cycle of the tine and
comes from an external source, the
battery. The amplitude of vibration
of the tine depend, among other
thing, upon the duration of the ener
gizing pulse , that is, the duration of
the contact between P and O. If thi
interval is less than one-half of one
cycle, the amplitude may be kept rela
tively low, but the fork cannot be elf
starting.

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

of the fork, or some integral multiple
or sub-multiple thereof. By adding a
second contact point and springs Qand
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 Q with respect to S.
Frequently, two contact points Q 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 C1 and C2

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

FIGURE 2. A contact-driven fork
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FIGURE 3. Single-button microphone-driven fork

from a fork, the two contacts Q 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 seriou ly handi
cap its use a 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 wa"e 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 "ibration 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 pring and
the stationary point add considerable
damping to the motion of the tines,
which likewise lowers the frequency
stability. If the damping of the two
tine becomes unsymmetrical due to
inequality of the contact adju tment ,

fwther 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 u e of condensers,
suffer a certain amount of pitting due
to sparking. They mu t 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 hat-

FIGURE -i. General Radio TYPE 213-C -iOO-cycle
Audio Oscillator, a typical single-button micro

phone-driven fork



YOLo Y, 1\0. 4 SEPTEl\IBER, 1930 J

tery current through it and the primary
of the tran former 1'1. The secondary
current from thi tran former pa ses
through a condenser OJ, a portion of
the primary of the transformer 1'2,
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 0 1 erve
to obtain the proper phase relation
between the driving current and the
ynchronous vibration of the micro

phone. The whole of the primary of
1'2 i tuned electrically by means of the
conden er O2 to the natural frequency
of the fork, thereby purifying the out
put waveform. A tapped secondary of
1'2 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 pa ing through a hunt 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,

FIGURE 5. A double-button microphone-driven
fork. Note the heavy bras inertia caps which

house the microphone buttons

* This is the system used in General Radio
TYPE 213 Audio Oscillator, a more exten ive
analysis of which will be found in an article by
Charles E. Worthen, ,..\ TWling-Fork Audio
Oscillator," Gelleral Radio E.l'perimcnler, IY, 11,
April, 1930.

FIG RE 6. A double-button microphone-driven
fork

it i 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. Howe\-er,
owing to the fact that the total aYail
able output of the single-mict"Ophone
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 Dr·ive - 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 1J.fl

and a portion of the auto-transformer,
1'1. The full output of this transformer
pa se through the condenser 0 1 and
the driving coil D which energizes
the tines in ynchronism "with their
natural frequency and thus supplies
the energy to overcome all damping.
('I serves the dual purpose of properly
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FIGURE 7. A schematic diagram for a vacuum
tube-driven fork

phasing the driving current and provid
ing a blocking condenser for direct
current potential. The necessary polar
izing current passes through the same
winding D and the choke L and may
be adjusted to the proper magnitude
by means of the resistance R. The out
put microphone M 2 is energized by the
same battery and feeds the output
circuit through transformer 1'2 having
a tuned primary and a tapped second
ary, as previously described.

Obviously, this arrangement is capa
ble of delivering considerably more
p0'yer than the ingle-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.

Vacuwn- Tube Dn·ve - 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 sy tem in which
the tines of the fork are unloaded,
fashioned in a simple form with extreme

FIGURE 8. A 60-cycle vacuum-tube-rlriven tuning
fork. The tl,"O lower pairs of magnets are the

drivers
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preci ion, 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 E, the latter being in a circuit
comprising a battery, a choke L[, and
an adjustable resistan~e R I . The po
tentials thus induced in G are applied
to the grid of a vacuum tube lTT[,
known as the "grid" tube, which, in
turn, is coupled to a second tube VT2

by the elements L 2, C[, and R2 • The
output of the "drive" tube VT2 is
consumed in the driving coil D which
energizes the fork and maintains it in

FIGURE 9. A fork similar to that shown in FIGURE

8 mounted in a temperature-controlled COIIl

partment

vibration. It will be noted that this
driving current (and hence the mag
netic pulses) are polarized al 0, i.e.,
are pulsating rather than alternating
in character.

Although not apparent in the draw
ing, the two eparate windings J) and
GE are so arranged that there is no
magnetic coupling between them. 'Ve
have, therefore, a regenerative ampli
fier system in which the feedback agent
consists of the mechanical motion of
the tine. The latter being entirely free,
the fork vibrate 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 orne 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 driving
circuits, a small portion of the output
voltage of the drive tube rT2 i applied
through members C2, R3 , and R4 to the
grid of one or more amplifier tubes l'T3•

An example of the vacuum-tube
driven fork is een in Figure 8. In
order to minimize the damping on the
fork, a special mounting is provided for
the heel which is omewhat ela tic in a
direction along the tines. Thi reduces
the amount of vibrational energy
transmitted to the upport base and
hence the damping.

A tuning fork of this type has such
a high precision that, if the fork is
fa hioned from homogeneou 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.
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may, therefore, be improved by em
ploying one or both of the following
methods:

1. Con truct 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 Ficyure 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 0 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
driyen clock so that the fork was
actually a time-keeping device. The
aboye-mentioned precision corresponds

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

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 COll
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. '''ith proper design, vaCUlUll
tube-driven forks may be made to coyer
at least the audible-frequency range.

MISCELLANY

'By THE EDITOR

I N America tuning-fork oscillators
have not received the popular
attention they deserve, although

many foreign investigators belieye that
tuning forks can be more stable than
quartz plates and bars. We feel that
there is a field of usefulness for the

tuning fork ,yhich should not be OYeI'
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
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THE FREQUE CY STABILITY OF PIEZO

ELECTRIC Mo ITORS

c.By JAMES K. CLAPP*

" ... The variations of the crystal
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 neverthele s true con
clusion that implicit faith in 'crystal
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.

be pronotmced. 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 the e load

change . In some
cases improper de
sign for the plate
holder, or undue
forcing of the os
cillator, results in
a pronounced
brush discharge in
the air gap result
ing in further var
iation in the
master 0 cillator
frequency.

In spite of the
un de ired fre
quency changes in
the master oscil

lator over long intervals of time, it is of
ten found that the frequency may be
held substantiallyconstant for relatively
short intervals. A the frequency of the
sy tern is adjustable by several means,
among them circuit adju tment and
temperature of the plate, it is possible

[ 1 ]

THE increasing demand for ac
curate maintenance of radio
transmitters upon their assigned

frequency is bringing to light the varia
tions of frequency of the cry tal
controlled master oscillators which are
being more and
more widely used
to attain the de
sired stability.
Where a piezo
electric oscillator
is used as the
master oscillator,
economy of appa
ratus dictates that
the 0 cillator be
operated at as high
a power level as
po ible in order to
reduce the number
of amplifier stages
required to reach
a given level for transmitter output.

Unfortunately, a piezo-electric oscil
lator so operated loses many of its mo t
desirable characteristics a a constant
frequency device. Under powerful oscil
lation, heating in the quartz plate may

* Engineer, General Radio Company.
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to bring the transmitter frequency into
agreement with the frequency of a sub
standard t maintained for the purpo e,
and this agreement will then be main
tained for a considerable period. The
variations of the crystal-controlled
transmitter are in general much less
than tho e of the usual tuned-circuit
master 0 cillator, but under extreme
,:'0nditions the variations may be a
great. It is a disappointing, but never
theless true conclusion that implicit
faith in "crystal control" as the answer
to every problem of frequency stability
must give way to a modified view which
will nece arily 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 is l(ept low and the tem
perature of the quartz plate is kept
constant. If uch an oscillator is then
et up as a sub-standard and used as a

monitor, the crystal-controlled tran 
mittel' frequency may be periodically
brought back to its assigned value with
a comparatively high degree of preci-
ion. 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 cour e

t Sub-standard is here used in its commonly
accepted sen e. It is a descriptive term applied
to a con tant-frequency 0 cillator, the frequency
of which is determined by comparison with a
primary standard of frequency.

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

nece ary 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 con isting of a stock model
piezo-electric oscillator using tempera
ture control and commercially obtain
able quartz plates, a thorough study
of a typical ystem is being made
by the author in the laboratorie of the
General Radio Company. Repre enta
tive broadca t-frequency quartz plates
are being studied and the variations
in frequency resulting from all the
possible influences recorded. The prin
cipal factors are:

1. Change in any of the circuit
elements due to age.

2. Replacement of tube .
3. Mechanical vibrations of the y

tern.
4. Variation in temperature.
5. Variations due to change of plate

circuit load.
6. Variation due to changes in

supply voltage .

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 effect of load and tube . The
effect of mechanical vibration must
particularly be reduced by themanufac
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 re ult will be presented with
particular reference to the cau e of
frequency variation outlined abo\·e.



SYNCHRONOUS MOTOR-DRIVEN CLOCKS

GJ3y HAROLD S. WILKINS *

TODAY a remarkably wide field of
u efulne i being developed for
mall ynchronous motors. These

motor until comparatively recently
were regarded perhaps a a curiosity.
~ow they are available in a wide range

of power output and can be designed
to run at peeds of from a few revolu
tion a econd to several hundred, and
on circuits of from 25 cps.t to perhaps
10,000 cps.

Consider for example the increas
ingly large numbers of electrically
operated clocks that are being old each
year. The majority of these are oper
ated by mall synchronous motors,
some of only a few thousandths of a
horse-power, yet they run continuously
and dependably. Various modification
in design have been developed, includ
ing wound, polarized, and shaded poles.

The simple t type may be repre
sented by a laminated rotor of magnetic
material having salient pole properly
journaled between one or more pairs of
stator pole, the number and size being
determined by the frequencj', power,
and speed characteristic de ired. The
mechanism of operation in it implest
form may be regarded as a succession
of equally spaced magnetic impul e ,
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 ucces ion at approximately the
instant of maximum current and the
motor continues to run.; The design is

* Engineer, General Radio Company.
t cp ., hereafter used to mean "cycles per

second."
t Tote that the magnetic pull between a rotor

pole and a stator pole is independent of the
direction of the current.

such that the reluctance of the mag
netic path increa e 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 hane!. It also means

FIGURE 1. The standard Model B Syncro-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 dome tic 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
input 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 hOl'i
zontal line represents the biasing
current and the new alternating current
is 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

FIGURE 2

FIGURE 8. The motor assembly which may be
employed to drive discs, 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 synchronou -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 TYPE
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 1200 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 TYPE 511
Syncro-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 thou and 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

FIGURE 4. TYPE 511-C Syncro-Clock, designed
for panel mounting. The micro-dial is shown

at the right

FIGURE 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.
'Vh.en, 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 higWy
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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PIGl:RE 6. Thi clock designed to rilll on 60
c~·c1e circuit has both a second lind 0.1 second

contactor

rated figure i 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
a sured. "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 lOOO-cps. motor has been sati fac
torily operated on all frequencies be
byeen 250 cps. and 1750 cps. Of course
for pccial purpo es rotors can be de
signed to give standard shaft peed on
an~' ource of from 60 cp . to 5000 cps.
In such case the number of teeth cut
in the rotor is changed to meet condi
tions. The clock movement it elf is a
standard arrangement of gears to give
hours, minutes, and seconds, but for
cOllYenience 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 econds
by means of a knob located ju t outside
the dial and controlling an epicyclic
gear train by mean of which the ec
onds shaft can be rotated in either eli-

rection without interfering with the
motor. A pring lock prevents motion
of the e 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
second 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 econd. Thi make
possible a preci ion 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 rot.:1,ting the outer drum member.
The ignal are received bJ' the phones
and the dial i 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 end seconds impulses and
by means of a secondary program
wheel almost any serie of accurately
spaced group of signals may be ob
tained. The clock under this condition
become a time piece having the ac
curacy of the frequency source. Con
tactor giving short pulses every tenth,
half, or whole econd can easily be at
tached and from these many secondary
measurements may be made with sur
prising accuracy. By combining a
seconds and a minute contactor a very
short and aCCllrate minutes pulse may
be secllred. By choo ing appropriate
cam and gear many other combina
tions can be secured. :Magneto genera
tor offering a ource 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
Syncro-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

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.

The greater power of the new
TYPE 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 35 cps.
The two adjustable contaetors in
the lower left corner make and
break the circuit one and ten times

a second respectively

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



What Is a Syncro-Clock?

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

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 yncro-Clock having a number of useful and interesting
feature:

1 The Syncro-Clock offers one of the most preci e
• 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 hafts rotating with a con tant angular velocity are
• available for turning stroboscope discs, for operating

second 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 hy the
U. S. Javal Observatory and transmitted to us via Arlington Time
Signals.

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

Askfor Catalog F-X

GENERAL RADIO COMPANY
OFFICES LABORATORIES FACTORY

CAMBRIDGE A, MAS ACHUSETTS

PACIFIC COAST WAREHOUSE: 214 BRAN STREET, SA ' FRA 'CISCO, CALIFORNIA

RUMFORD PRESS

CONCORD. N.H.
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THE FREQUE CY STABILITY OF PIEZO

ELECTRIC 10 ITORS
"By JAMES K. CLAPP*

II

" Normal" operation
Tube: Average X-II2A a de-

termined by trial.
Temperature: 500 C.
Plate condenser: Set at lowest value

for reliable 0 cillation.
Supply voltages: Filament 5.0 volts.

Plate 45.0 volts.

The observed frequency changes re
sulting from changes in anyone 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 is 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
± 0.10 C. (representing the control
stability of a mall temperature-con-

e1 ]

THE performance characteristics of
a typical temperature-controlled
piezo-electric oscillator will be

con idered with regard to the various
factor listed in the first part of this
article.t i.e., (1) temperature changes,
(2) plate load, (3) tubes, (4) vibration,
(5) upply voltage, (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 kc.t The quartz
plate were of the" 30-degree" or "Y"
cut and were mounted in General
Radio TYPE 376 Quartz-Plate Holders.
The quartz plates and holders corre-
pond to the production units classed

as the TYPE 376-H Quartz Plates.
The changes in frequency, as ob

served, were referred to the frequency
obtained when the a embly was opera
ted under the conditions defined by:

*Engineer, General Radio Company.
t Jame K. Clapp, "The Frequency tability

of Piezo-EJectric .:\lonitors,'· General Radio Ex
perimenter, Y, October, 1930.

t Kc. is here u eel to meau kiJocyclrs per
Hecond.
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OF .500 C. AS NORMAL

FIGURE 1. Variation in frequency of piezo
electric oscillator as function of temperature

in region near 50" C.
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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
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FIGURE £. Variation in frequency of piezo
electric oscillator as function of plate-tuning

capacitance
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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 TYPE

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 is 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.
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PLATE VOLTAGE. CHANGE IN PERCENT
Of 45.0 VOLTS AS NORMAL

FIGURE 3. Variation in frequency of piezo
electric 0 cillator as function of plate voltage

Vibration

Ordinary vibration of buildings does
not materially alter the frequency of
the ystem. A violent pounding of the
ba e of the assembly sometimes pro
duce a momentary shift of frequency
a great as 10 parts per million, but the
shift remaining after the pounding is
stopped is usually much less than this
"alue. 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
unu ual vibration exists, the frequency

.30
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(parts per
million)
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±O.5
±2
±3*
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±l.O volt
±O.l volt
(average)
(heavy shocks)

-20 -10 0 ...10 +20
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* Remaining after shock.

Variable

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 ab olute
constancy of frequency of the system
described, it may be as umed that all
of the variation ob erved take place
and that the effects are all in the same
direction. Then we have the following
summary:

FlGunE 4. Variation in frequency of piezo
electric oscillator as function of filament voltage

This represents the range of fre
quency within which the type of oscil
lator considered would be expected to
operate under practical ervice condi
tions. There is every rea on to el\.'-pect
some of these effects to offset others
under average condition , even if the
variables are altered by the full range
indicated. If the variable are not al-

Temperature
Plate capacity
Plate voltage
Filament voltage
Tubes
Vibration

CURVE DOE S NOT SHIFT
NOTICEABLY WITH PLATE
TUNING CAPACITY

I\. LLJsJJ
"'-.. I I BY VOLTME.TER TO

I I ±I.O VOLT
-.......... I I

I---. : I
I I --I I r-I I r-

some extent, but in the normal voltage
region, the variations thus obtained
are of no serious consequence. 'Vithin
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
fh'e tubes operate to give a frequency
within ± 2 parts per million of the
value obtained with Tube No. 1.
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FIG RE 5. Variation in frequency of piezo
electric 0 cillator for different tubes, each

operated under "normal" conditions

tered by the full range indicated, the
frequency variation would natUTally
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 conclusion are based
entirely upon the premi e that the os
cillator sy tern 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 effect of such equipment
on the performance of the 0 cillator 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 pecified frequency.

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

exception of the quartz plate and
holder, can re ult only in change of
frequency of the order of magnitude
encountered when arbitrary changes
are made in these elements. Aging of
the quartz-plate holder introduce, in
the type of holder here used, very small
changes in frequency which for the
purposes under consideration are negli
gible. There seem to be little evidence
that any aging effect takes place in the
quartz plate itself. Change 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 (TYPE
575) used in this work is very well
adapted for use as a simple laboratory
tandard. For such uses, it is convenient

to employ a 100-kc. quartz plate. As
these plate give omewhat different
performance than plates in the broad
ca t-frequency range, data pertaining
to them will be presented in a later
article. Harmonics of the crystal fre
quency are available for calibration or
monitoring purposes over a wide fre
quency range. In cases where it is
de ired to obtain calibration frequencies
at intervals of less than 100 kc., use
may be made of a multivibrator (such
as the TYPE 592) of lower fundamental
frequency, controlled by the 100-kc.
crystal oscillator. By adjustment of the
multivibrator a very large number of
calibration frequencie may be ob
tained. Detail concerning the use of
the equipment will be given in the forth
coming article.



A STROBOSCOPIC FREQUENCY METER

c.By L. B. ARGUIMBAU *
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AT the time the range of the General
ft Radio low-frequency oscillator

wa extended to 25 cps.,t the
need for more accurate and convenient
methods of measuring audio frequen
cies made itself felt. After some con
sideration of other methods,t it was
decided to arrange for the strobo copic
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 ynchronou motor which
can be driven by 60-cps. and by 1000
cps. ignals. A motor of thi type
provides a shaft whose peed is de
termined exactly by the driving fre
quency. Thu , by its use a disc can
be obtained whose angular speed is
known with the precision of the source
frequency.

It i 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.
t E.g., the use of calibrated tuned circuits and

reed, and Braun tube or string oscillograph
comparisons with low frequencies derived from
a primary standard.

§ Harold . Wilkins, " ynchronous ::\lotor
Driven Clocks,'· General Radio Exper·imenler, Y,
October, 1930.

images received by the ye 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)
spoke. (where a is any integer). imi
lady, if the lamp flashes nib times per
revolution (b is an integer), the wheel
will till appear to have n spoke. In
fact, if the light f1ashe any rational
number alb times per poke period,
the wheel will appear to have (a x n)
pokes. II A brief consideration will

show that if the frequency of the light

flash differs from k(:a) by lib cps.,

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

II Provided, of course, that there is sufficient
contrast to make the partially overlapping
fringe visible. Practically this requires that
a and " be small integers. Under favorable
conditions a 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 econd is available
and it is desired to set an 0 cillator at
800 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 bia ed 0

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 J?igure l.

In our ca e it has been found most
cOIlYenient to use the WOO-cycle output
of a General Radio tandard-frequency
assembly * a a primary standard.
Occa ionally, however, other standard
sources have been used.t Instead of
u ing a spoked wheel several graduated
disc have been made up each answer-

* James K. Clapp, "Frequency Determina
tion," General Radio Experimenter, Vol. 3, March,
19~9; "A 'ew l~requency Standard," General
Radio Experimenter, Yo!. 3, April, 1929. See also
L. ~L Hull and J. K. Clapp, "A Convenient
Method for Referring Secondary Frequency

tandards to a Standard Time Interval," Pro
ceedinys of tlte J. R. E., Yo!. 17, February, 1929.

t Horatio W. Lamson, "Electrically-Driven
Tuning Forks," General Radio Experimenter, V,
September, 1930.

ing a specific frequency requirement.
Two such discs (reduced in size) are
hown in Figure 2. It will be noted that

disc .Ii covers a very wide range of
frequencies, giving a large number of
points. Starting with 10 cps. direct
comparisons are possible (with a disc
turning 10 revolutions per second) at
10-cps. intervals up to 100 cps. After
this, direct compari ons are pos ible
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 point,
all low rational fractions of these fre
quencie are available. Thus we have
patterns for every 5 cps. up to 50 cps.
and every 20 cps. from 100 cps. to 200
cps., etc.; likewise, all even kilocycle
points up to 10 kc. are available. A 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-

FIGURE 2. Typical -inch discs used with the frequency meter. Di c 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 lOOO-cps. standard.

In addition to these discs, 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
ters have been built for experimental
use in the General Radio laboratories.

FIGURE 3. This synchronous motor is portable
and connected to subsidiary amplifier circuits by
a flexible cable. The disc make use of tmnsmitted

light

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

FIGURE 4. An experimental model of the
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



A Piezo-Electric Oscillator
WITH TEMPERATURE CONTROL

TYPE 575-A Piezo-Eleetrie Oscillator with Temperature Control

T HE temperature-controlled piezo-electric oscillator used by
J. K. Clapp in the work on quartz plates described in thj i sue

of the Experimenter is now commercially available. It consist in
effect of a TYPE 275 Piezo-Electric Oscillator and a TYPE 517
Temperature-Control Box a embled on a single panel for relay
rack mounting.

The characteristic of the new instrument are essentially the
same a for the two indiyjduaI in truments which were described on
page' 57 to 59 of Catalog F. The a embly in a ingle unit, however,
greall improves tbe stability with which frequency can be main
tained. Danger from mecbamcal vibration has been reduced and
e ential leads have been materially shortened.

o effective is the new unit that users of General Radio TYPE 376
Quartz Plate and the TYPE 575-A Piezo-Electric Oscillator with
Temperature Control may expect to maintain frequency to mthin
about ten parts in a million.

PRICE $190.00
(witfwut quartz plate, tubes, or battery)

GE ERAL RADIO COMPANY
OFFICES LABORATORIES FACTORY

CAMBRIDGE A, MASSACHUSETTS

PACIFIC COAST WAR£HOU E: 274 BRANNA STREET, SAN FRANCISCO, CALIFORNIA

RUMFORD pRESS

CONCORD. N.H.
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THE EvV HOlVIE OF THE ENGI EERII G
DEPARTlVIENT

~y J. W. HORToN*

DATA are at present not available
as to the extent to which the
deplorable conditionof the shoe

maker's wife and the blacksmith's
horse ell.'tends to the laboratories of
in trument makers. However, in view

* Chief Engineer, General Radio Company.

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 Ex
perimenter referred to the new building

FIGURE 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 ]
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FIGURE 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 ano

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
omewhat crowded.

The laboratories in use have been
designed with the particular require
ment 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 orderline s are
highly to be desired in any laboratory,
they are especially neces ary in one
erving 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 thi 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, con equently
both out ide 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 everal
rooms.

The result of thi 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

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

FIGURE 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
et-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 orne 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 demon trated that a ingle room
may fill the needs of laboratory, office,

or study without having anyone role
encroach on the others.

In addition to the laboratory room ,
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 ha quarter of it own.
In the standard laboratory are also
permanent bridge set-up 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 standard laboratory is

FIGURE 4. The experimental shop. A variety of machine tools are available so tbat 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 b come so great that a
eparate room ha been a signed to it.

The apparatus which has been in use
for some time, and which has been
de cribed 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 increa e 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-

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 i primarily
to facilitate the construction of appara
tus needed by the engineers. Experi
ence has shown that it i highly de
sirable to separate this shop from the
regular production units, thus freeing
the workmen from any contact with
routine production schedule. The men
employed in this shop have had long
experience in thi 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 proce ses IS of inestimable
value.

FIGURE 5. The engineering library. In addition to the u ual 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



I 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 extend~d 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 ~ 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.

USES FOR PLUGS AND JACKS IN THE

LABORATORY

"By A. G. BOUSQUET*

from an old grid-leak holder, are
screwed to the sides of a TYPE 274-M
Plug by two 10-32 fla -head screws 74:
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 TYPE 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 TYPE 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 TYPE 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.

[6J
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A few common plug-in circuit components, easily built up from standard TYPE 274 Plugs, Jacks,
and Mounting Bases
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O CE a year we look through our stock and offer at bargain
prices any item which are not in our current Jist or of which we

have an excess stock. Here i our list for this year. Every item is new
and guaranteed. Inasmuch as the quanti tie are limited, this offer is
made ubject to prior sale, and in any case, if items are not old, this
pecial price expires February 1, 1931. Send cash with order, and we
hall pay the postage anywhere in the nited tate or Canada.
1inimum ale, 1.00. Be ure to mention" Special ale" and mail

your order to Department at the Cambridge, Massachu ett ,office.
Thi material is not available elsewhere.

TYPE 127-A (!'lush 1I10wlting) and T PE 127-B (front of panel Illounting)
1.5 amp. Hot-Wire Meters for radiation or filament

(d.e.ora.e.ue) .... Regularprice 6.00 S LEPRICE $2.50

TYPE 164 Audibilit Meter. A fine opportunity to keep a record of signal
strength.... Hegular price 34.00 SALE PH.ICE $15.00

TYPE 170 Hot-Wire Meters 100 mla. to 20 amp. H.anges follow closely
those given for TYPE 127 Hot-Wire Meters in Bulletin 932- .

If the size you want is gone, we will send the next largest size unless you $5 00
instruct u othen,ise.... Regular price 20.00 ALE PIUCE •

TYPE 277 Inductors. Just the thing for experimental circuit. Identical
with TYPE 577 Inductor except for location of rnount- 0 35

ing pin. ,B,alldCsizes .... Regular price 1.00 SALE PHI E •
(3 for 1.00)

D}i and DY2 size .... Regula.r price '1.15 ALE PRICE 0.40

TYPE 440-A Filament Transformer. Power rating 70 watts with following
voltage a.vailable: 2, 3.5, 5, 7.5; aLi windings eparate.

Operates from nO-volt, 60-c cle Line. Regular price "7.00 S LE PIUCE 3.50

TYPE 565-A Half-Wa"e Transformer for nO-volt, 60-cycle line. ])o\\er
rating 200 walt. econdary voltage 600, 2.25, and t\\O

windings of 7.5 volts each. Corresponding currents 200 mla., 4 amps.. and
2.5 amp ....Hegular price 13.50 SALE PlliCE 6.50

TYPE 30110-ohll1 Rheostat (without knobs) " .
TYPE 309 Socket Cushion (sponge rubber) .
TYPE 285 Amplifier Transformers (D, H, and L sizes available)
TYPE 171-F Switches .
TYPE 587-B Speaker Filter .
TYPE 587-C Speaker Filter .

Regular
l"rice

'0.80
0.25
4.00
0.30
4.50
9.00

SALE
PRICE

0.20
0.05
2.00
0.10
2.50
4.50

GENERAL RADIO COMPA Y
OFFICES LABORATORIES FACTOUY

CAMBRIDGE A, MASSACHUSETTS
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