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THE UNIT CRYSTAL OSCILLATOR—A
SIMPLIFIED FREQUENCY STANDARD FOR
THE SMALL LABORATORY

® LATEST ADDITION to the rapidly
Alia growing line of General Radio Unit Instru-
ments is the Type 1213-A Unit Crystal
IN THIS ISSUE| (gillator. Like other unit instruments,’

Page | this new oscillator is a ministurized and
A |-MEGACYCLE SHER-

SRk e o g Rl 4| greatly simplified version of a highly accu-
Ranio ENGINEERING rate laboratory instrument. The Unit Crys-
SHOW............... S| tal Oscillator makes available, at low cost,

harmonies of one megacyele, 100 kiloeycles,
and 10 kilocyeles, with output frequencies as high as 1,000 megacycles,
and with a short period stability of approximately one part per million
(0.00019).

Every electronies laboratory, particularly one concerned with elee-
trical communication systems, needs a means of standardizing and
measuring frequency. In the large, well-endowed laboratory, where
standard frequencies are in continuous use, and where accuracies ap-
proaching one part in 10 are required, the Type 1100 Primary and
Secondary Frequency Standards are used. This equipment, with
facilities for distributing standard frequencies throughout the labora-
tory building, is too expensive for the laboratory with a limited budg-
et, and for the individual ex-
perimenter.
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Tt was particularly to meet the needs
of the small organization that the devel-
opment of the Tyer 1213-A Unit Crystal
Ogcillator was undertaken. The oscilla-
tor has been proved very useful for
receiver and transmitter calibration. The
calibration of a good communications
receiver can be aeccurately checked
against the harmonie series and the re-
ceiver then used as an interpolating
device for accurate frequency measure-
ments.

Usable 1-Me¢ harmonics extend to
1000 Me, thus covering the new U-H-I
TV channels, 100-ke and 10-ke harmon-
ics to at least 250 and 25 Me, respec-
tively. With good receiving equipment,
the 10-ke harmonics ean be used up to
30 Me and higher, thus covering the 28-
Me amateur band. The oseillator, when
used in conjunction with the Type 874-
MR Mixer Rectifier, can be used as a
I-Mec marker generator up to approx-
imately 250 Me. A stability of the order
of one part per million can be expected
for periods of several hours, if the room
temperature is constant, and the crystal
frequency can be readjusted at any time
to agree with standard-frequency trans-
missions from radio station WWYV, op-
erated by the National Bureau of Stand-
ards. Daily checking against WWV is
sufficient for nearly all ordinary meas-

urements, but still higher accuracy can
be maintained by comparison at more
frequent intervals, or by continuous
monitoring against WWYV transmissions.

Circuit

The instrument uses a cathode-
coupled 1-Me crystal oscillator. While
the circuit is not new, it is somewhat
unconventional. The first half of the
twin triode operates as a cathode follow-
er, while the second half is a grounded-
grid amplifier. The plate circuit of the
amplifier is tuned to 1 Me, and the volt-
age appearing across the tuned circuit
is fed back to the grid of the cathode
follower, thus completing the oscillating
circuit. The germanium diode in the
plate circuit of the cathode follower is
used as a harmonic generator. The 1-Mec
crystal and its series capacitor form a
series-resonant circuit connected be-
tween the two low-impedance cathode
circuits; thus the crystal operates at a
low impedance and any capacitance
across it has only a small effect in deter-
mining the frequeney. The result is a
very stable crystal oscillator with a
minimum number of components. The
small variable capacitor, accessible from
the panel, is connected in series with the
erystal to permit setting the oscillator to
zero beat with WWV transmissions at 5

Figure 1, Panel view of the Type 1213-A Unit Crystal Oscillator with the Type 1203-A Power
Supply. The two units bolt together to form a compacl, rigid assembly.
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Figure 3. Arrangement of Unit Crystal Oscillator
and receiver for stondardization end use.

or 10 Me. Following the oseillator are
two 10:1 multivibrators, which provide
the 100-ke and 10-ke output frequencies.

Crystal

The crystal is a plated, wire-mounted,
hermetically sealed unit with a low
temperature coefficient of frequency.

Consideration was given to the use of
a small plug-in-type erystal oven, but
the cyeling of the simple oven tested
caused more frequency shift than oceurs
under normal operating conditions with-
ont temperature control. Furthermore,
the thermal inertia of the oven was so
low that 1t was very difficult to adjust
the erystal to zero beat while the oven
was operating. Although satisfactory
ovens are available, their cost and phys-
ical size are too great for an instrument
of this type, and it was therefore decided
to omit temperature control.

Power Supply

This oseillator is designed to be oper-
ated from a Tyre 1203-A Unit Power
Supply, which is plugged into a conven-
ient connector on the side of the case.
Provision is made for clamping oseillator
and power supply together in a single
unit. The Tyepe 1204-B Unit Variable
Power Supply is also satisfactory, and in
general any power source capable of
supplyving the eurrents and voltages
listed under ‘‘Power Supply ' in the spec-
ifications below.

The necessary arrangement for using
the oscillator as either a signal source or
frequency calibrator is shown in Figure
3. When the 1-Me output is used to
check the oscillator against WWV, it is
only necessary to hang an 8- to 12-inch
length of wire on the output terminal,
and the radiated signal will be sufficient
to be heard in a receiver 10 to 12 feet
away. However, when the 100- and 10-
ke output are used, considerably closer
coupling is needed. The output im-
pedance of the oscillator is sufficiently
high that it can be connected directly
to the antenna terminal of a_receiver
using an unbalanced transmission line
(60-72 ohm coaxial cable). Tests have
indicated that, when the oscillator is
directly connected to the receiver, there
is no appreciable attenuation of the un-
known signal at frequencies up through

1Ok

©

CUTPUT

Q
e
o
OFF

LAk

Figure 2. Elementary cir-
cuit diogrom of the Unit
Crystal Oscillator,

AR

IMc
CRYSTAL OQSCILLATCR

{eD

534 Main Street, Westbury, NY 11590

100 ke
MULTIVIBRATOR

10ke
MULTIVIBRATOR

]F
Al "’\Mrﬂ*-—-—"Mr'—L 5

Iy
1=

IET LABS, INC inthe GenRad tradition

www.ietlabs.com
TEL: (516) 334-5959 « (800) 899-8438 * FAX: (516) 334-5988



@ GENERAL RADIO EXPERIMENTER

55 Mec provided the lead length is kept
to a reasonable value. Measurements
above this frequency indicate that very
close eoupling ean be used, provided the
leads do not hecome resonant,

The combination of the erystal oscil-
lator and & good communications re-
ceiver will permit frequency measure-

ments to an accuracy of 0.0029 or better
at frequencies up to 15 Me. Here the
limiting factor is not the oscillator stabil-
ity, but the precision with which the
receiver dial can be read. The best
accuracy will be attainable with re-
ceivers having band-spread dials.
— RoserT B. RicaMoND

SPECIFICATIONS

Frequency: 1 Me, 100 ke, and 10 ke, The erystal
has a temperature coefficient of one part per
million per degree tentigrade. Under normal
operating eonditions with a constant room
temperature, a stability of approximately one
part per million can be obtained for & day’s
operation.

Output: Greater than six volts for all three fre-
quencies,

Harmonics Available: 1000, 250, and 25 Mg, re-
spectively.

Controls: A ceramic wafer switch to select de-
sired output frequencies.

Terminals: Jack-top bhinding posts provided with
standard %4 inch spacing.

Vacuum Tubes: Three 12AT7-type.

Power Supply: 300 volts de, 120 ma; 6.3 volts, |
ampere, ac.

Power Input: With 1203-A or 1204-A Power
Supply, 15 to 31 watts, depending upon switch
setting.

Accessories Supplied: One mating multipoint eon-
nector.

Mounting Black-crackle-finish panel and sides.
Aluminum cover finished in clear lacquer.
Dimensions: (Width) 97¢ x (height) 534 x (depth)
614 inches.

Net Weight: 3 [bs. 12 oz,

Type Code Word Priece
1213-A Unit Crystal Oscillator®. .........cconeenanss " REBEL $130.00
1203-A Unit Power Supply. ..... AR A R Kk N 3 ALIVE 47.50

*Lirensed under patents of G. W. Pierce and of the Radio Corporation of Ameriea.

General Radio Unit Instruments are basic, general-purpose laboratory instruments, designed for high-
quality performonce at minimum price. Low cost is achieved through standardized cabinet and chassis

g -

construction and by simplified circuit design to use a

Several other unit instruments will be described in forthcoming issues of the Exparimenter, among them
o null detectar, an I-F amplifier, o pulse generator, and other oscillators.

In keeping with the trend toward miniaturized electronic
signed to occupy os small o volume os is consistent with the ability to dissipate the heat d

of comp s,

have been de-

s 4 e
quip , these instr

A 1-MEGACYCLE S

Both eommereial and military specifi-
cations on capacitors of 1000 gpf and
less call for measurements of capaci-
tance and dissipation factor at a fre-
quency of one megacycle. Similarly, the
grading of insulating materials is often
based on the measured dielectric constant
and loss factor at one megacycle. While
the TyrE916-A Radio-Frequency Bridge
and the Tyre 821-A Twin-T are capable
of making such measurements, neither

IET
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CHERING BRIDGE

instrument is ideal for the purpose. The
Tyre 916 does not offer the desired
aceuracy for capacitance measurements
while the Twin-T, although entirely salis-
factory for capacitance measurements, in
many instances does not have adequate
resolution for the evaluation of the losses
of low-loss materials or capaecitors, par-
ticularly if the capacitance is small.
The Schering bridge circuit, exempli-
fied by the General Radio Tyre 716, has
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been widely accepted at lower frequen-
cies for capacitance and dissipation-
factor measurements. By appropriate
modification it is possible to obtain at
one megacycle essentially the same
performance as is obtained at lower fre-
quencies with the standard model. Such
a modification has been made at the
request of leading capacitor manu-
facturers and is now offered on a
semi-stock basis, designated as the
Type T16-CS1.

Superficially, all that is required to
obtain direct-reading operation at one
megacycle is the installation of ratio
arms of appropriate value to make the
dissipation factor read correctly, but
actually a number of other changes are
necessary. The input transformer must
be redesigned in order to obtain satis-
factory transfer of energy at the higher
frequency. It is also found that multiple
sets of ratio arms, as provided in the
standard model, produce serious errors
caused presumably by the multiple cur-
rent. paths provided through capacitive
coupling to the unused elements for any
given setting. Accordingly, one set of
equal ratio arms only is provided.

FEBRUARY, 1952 @

The construction of the precision ca-
pacitor used in the standard Tyrze 716-C
is not entirely satisfactory for use at one
megacycle and higher, and a capacitor
of the 722-N type is used. This capacitor,
designed for R-F use, has lower induct-
ance and lower and more nearly con-
stant metallic resistance.

Finally, considerable attention must
be given to the location of connecting
leads and equalization of lead lengths in
order to realize the desired aceuracy.

Figure 2 shows the basic circuit bridge
cireuit, including the residual induct-
ances that are significant in determining
performance. Several adjustments are
provided to equalize cireuit impedances
and to provide direct-reading operation.

In order that the static calibration of
the capacitor C'y give directly the value
of the capacitance Cy connected in the
adjacent arm, it is necessary that Ly
equal Lp. However, even if this con-
dition is not met, ('y can alternatively
be made direct reading for any given
frequency by taking the difference of Ly
and Lp into account. For a substitution
measurement across the UNKNOWN,
SUBST terminals, the inductance L'y

ts. Shown are the Type 716-CS1 Copacitance Bridge,

Figure 1. Setup for one- yele dielectric

Type 1890-A Dielectric Sample Holder, and Type 1330-A Bridge Oscillator.
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introduces an error but in this case there
is no opportunity for compensation in
the adjacent arm. Actually Cy is cali-
brated to be direct reading for substi-
tution measurements at 1 Me, taking
into account the inductance L'y. The
values of Ly, L'y, and Lp are such thal
this calibration is also correct for direct
measurements within the normal eali-
bration accuracy.

The ecapacitance Cg is adjusted to
compensate for the zero capacitance of
the dissipation factor capaeitor C . It
also serves to equalize any differences
in Ly and Ly, which behave approxi-
mately as a negative capacitance in
shunt, independent of frequency. The
ratio arm resistors themselves are ad-
justed to equality within 4.05%.

A third adjustment is provided by a
differential capacitor connected between
the primary shield of the transformer
and the junction of the ratio arms. This
compensates for any residual leakage
capacitance between primary andsecond-
ary windings of the transformer’ and
also, in part, for induced voltages in the
transformer shields.

With these adjustments properly
made, the direct-reading aceuracy for
capacitance and dissipation factor at one
megacycle is the same as at low fre-
quencies, except for a slight additional
error at high values of dissipation factor,
caused by the inductance L', in series
with the dissipation factor capacitor €' 4.
Although the bridge is primarily in-
tended for one-megacyrele use, it is useful
to about 5 Me.

RANGE
The introductory paragraph men-
tioned briefly the Type 821-A Twin-T
and the Tyee 916-A R-F Bridge. A

IR, F. Fiold avd [. G. Bastin, “A WideFrequency-Kangn
Capacitance Bridge,” General Radio Experymenter, May,
1947,

Figure 2. Simplified schemotic diagram of Type 716-
CS1, showing location of the more important residual
inductances,

more detailed comparison between these
two and the Tyee 716-CS1 Capacitance
Bridge 1s in order to point out the area
of measurement in which the latter is
particularly useful. In Figure 3 is repro-
duced a plot showing the smallest®
measurable dissipation factor at one
megacyele, as a funetion of capacitance
over the range 1 to 1000 uuf.

The Twin-T is ecalibrated in terms of
conductance, hence the minimum de-
tectable dissipation factor is an inverse
function of capacitance. It will be noted
that only at 1000 ugf can the losses of a
capaeitor in the 0.0002 range be de-
tected.

The Tyre 916-A R-F Bridge, on the
other hand, measures the series resist-
ance of the unknown, and the minimum
detectable D is directly proportional to
capacitance. It will be observed from
the plot that below about 500 puf the
Tyre 916-A R-F Bridge will theoreti-
cally measure lower losses, and this is
possible, if corrections for residual pa-

2In terms of the smallest ealibeated scale division. Aetu-
ully about Y of smallest division enn be estimated in
most instances,

www.ietlabs.com

1)
IET IET LABS, INC inthe GenRad tradition
534 Main Street, Westbury, NY 11590 TEL: (516) 334-5959 « (800) 899-8438 * FAX: (516) 334-5988



rameters are established by measure-
ment for the individual bridge used.
The accuracy and precision of capaci-
lance measurements, however, are not
adequate for capacitor checking to close
tolerances.

In the Schering bridge circuit, used in
the Typr 716-C81, the dissipation factor
reading is independent of capacitance.
Over the direct-reading range of 100 to
1000 puf, a value of D of .0001 can be
observed.” When a substitution measure-
ment i8 made, the dissipation factor, D,
of the unknown capacitor is equal to the
observed change in D multiplied by the
ratio of circuit to unknown capacitance.
This accounts for the increase in mini-
mum dissipation factor shown by the
curve labeled (SUBST).

The curves plotted in Figure 2 are
based entirely on minimum calibration
points with no consideration for such
factors as balance sensitivity, ease of
balance, and signal-to-noise ratio. When
such factors are considered, the ad-
vantage of the Type 716-CS1 for the
measurements in question becomes even
more pronounced,

It should be pointed out here that the
comparisons just made are for a par-
ticular measurement at a particular fre-
quency. The Twin-T and the R-F Bridge
are general purpose instruments of wide
frequency range; the 716-CS1 is a spe-
cialized instrument of relatively limited
frequency range.

DIELECTRIC MEASUREMENTS

In addition to its use for measuring
capacitors, the Type 716-CS1 Capaci-
tance Bridge will find application in
measuring dielectries at the ASTM test
frequency of one megacycle, with the
Type 1690-A Dielectric Sample Holder."

3van G. Easton, ""A SBample Holder for Solid Dielectrie
Materinls,”" General Radio Experimenter, August, 1951,

G
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In Figure 3 is shown a sample holder

mounted on the Type 716-CS1. A Type
1330-A Bridge Oscillator provides the
test voltage and a commercial radio
receiver is used as the null detector.

When the dielectric sample holder is

used, the calibration of the precision
capacitor in the bridge is not used.
Consequently the balanee may be made
at its minimum setting of about 40 uuf.
Under this condition the minimum
measurable D is lower than that indi-
cated by the curve of Figure 2. Also,
about one fifth division on the D dial
can be estimated, and, taking all these
factors into account, the ultimate resolu-

ti

on is about 5 x 107, with a 50 guf low

loss specimen,

— Ivan G. Easton

For Specifications, see page 8

Figure 3. Comparalive theoreticol minimum ranges of
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SPECIFICATIONS FOR TYPE 716-C51 CAPACITANCE BRIDGE

Capacitanca Range: Direct Methad, 100 to 1000
wul; Substitution Method, 0.1 to 1000 puf.
Dissipation Factor Range: Direct Method,
0.00902 to 0.56; SL}bStItution Method, 0.00002
X
Cx 2
of the gtandard eapacitor and C'x that of the
unknown.
Frequency Range: Calibrated for one meggm:}rc!e.
the bridge operates satisfactorily at frequen-

to 0.56 % E; , where £ is the capacitance

Accuracy: At one megacycle, the bridge is ad-
justed to have the same acouracy as the stand-
ard Tyre 716-C at low frequencies (see the
current General Radio catalog for details).
This same accuracy can be obtained at other
frequencies between 0.5 Mc and 3 Me, if cor-
rection is made for the effects of residual in-
ductance.

Other specifications are the same as those

cies between 0.5 and 3 megacycles. for the standard Type 716-C.

Type Code Word Price
716-CMS1 Capacitonce Bridge (Mounted in Cabinet)..... BOGEY $610.00
716-CRS1 Copacitance Bridge ( For Relay-Rack Mounting) BACON 565.00

1952 RADIO ENGINEERING SHOW
When you come to the 1952 Conven- Sound-Survey Meter. These instru-

tion of the Institute of Radio Engineers,
be sure to look in at Booths 92 and 93
(first floor) in the Radio Engineering
Show. General Radio engineers will be
glad to show you the new instruments
that you have read about in this and
other recent issues of the Experimenter
— the Tyee 1390-A Random Noise
Generator, the Typn 1652-A Resistance-
Limit Bridge, the Tyre 1862-A Megohm-
meter, the Type 1690-A Dielectric
Sample Holder, the Tyee 942-A Out-
put Transformer, the Tyee 1213-A
Crystal Oscillator, and other unit in-
struments.

Also on display will be the new Gen-
eral Radio sound and noise measuring
instruments — the Tyre 1550-A Octave
Band Analyzer, the Tyre 1551-A Sound-
Level Meter, and the Type 1555-A

ments, embodying the latest circuit and
design techniques, are rapidly increasing
in importance to industry. An important
new use for these basie measuring tools
is determining the possibility of ear
damage to factory employees from ex-
cessive noise levels.

For impedance measurements in the
u-h-f and v-h-f ranges, the Tyen 1602-A
Admittance Meter will be set up and
operating, so that you can see how
quickly and easily it measures, on direct-
reading seales, the impedance of resist-
ors, capacitors, inductors, lines, anten-
nas, and cable. If you are working on
u-h-f television circuits, this instrument
will save you time and money. No cal-
culations, no transmission line charts
are NeCessary.

Don’t miss it!
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