Continuous Service Rating D
TYPES 1550-1560-1570-1580-1590

Maximum Current in Amperes— Maximum Ambient Temperature 60° C

1590-205
1590-206

Acrovox mica transmitting capacitors
are available in the widest range of
types, capacities, working voltages.
Type bere shown is the bakelite-cased
1590 series for medium-duty high-
frequency current-handling functions.

® Those Aerovox mica transi ing

capacitors are backed by exception.
ally complete data on maximum cur-
rent-carrying ratings at five different
frequencies, in addition to capacity and
test-voltage ratings. The unit best suited
for given current at given voltage and
frequency may thus be selected quickly
and precisely. This data, the

2 1590-222 .

2. 05 2000  1590-223 .18, 25. 22. 12
5. 1 2000  1590-224 . 18, 25. 22. 12.
3, .1 1000  1590-225 18. 25. 22. 12
6. 1590-226

1590-227

3 600 1590-228 .. 18. 25. 22. 12|
4 600  1590-229 18. 25. 22. 12.
5 600  1590-230 ... 18. 25. 22.

Q 1590-231

1590-232

the most complete
CONTINUQUS SERVICE
RATING DATA

Type 1590
TYPE 1590
Volts Catalog 10,000 3000 1000 300 100
tojoo0] 3 "l e 2 l von Tkt Smber ke ke. ke. ke. ke-
7. 45 15 5 .01 8000  1590-217 . 16. 20. 15. 8.
8.5 6. 3. 1. 01 6000  1590-218 16. 20. 15. 8.
6. 4. 2. 7 02 5000  1590-219 18. 20. 17. 10.
10. 8.5 4.5 15 .03 4000  1590-220 18. 20. 18. 12.
1590-204 8. 7. 3.5 1.2 .04 4000  1590-221 18. 23. 20. 12.

in connection with standard circuits in
which such units are extensively used.
Good capacitors, plus good application
data, account for the tremendous popu.
larity which Aerovox transmitting ca-
pacitors enjoy today.

Be sure to reserve your copy of the

tion of years of research and experience
based on extensive tests conducted with
special test equipment, was determined
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Cahle:

Acrovox Ti Capacitor Cata-
log, now in preparation, for your work-
ing library, if you arc engaged in pro-
fessional radio or electronic work.
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H. E. Frequency Measurements

PART IV

By the Engineering Department, Aerovox Corporation

USE OF CRYSTAL OSCILLATORS

ARMONICS generated by lower-
frequency crystal oscillators may
be employed in the calibration of ex-
tremely-high-frequency apparatus, pro-
vided the crystal fundamental frequency
is located reasonably near the high-
frequency region. The harmonic spot
frequencies from such oscillators are
spaced apart by a number of kilocycles
equal to the crystal frequency. The
highest useful harmonic order is gov-
erned by the oscillator power output
and the sensitivity of the receiving or
monitoring  device. en _sensitive
pickup equipment is employed, a large
number of accurate calibration points
may thus be obtained.
Tf the inherent stability of the high-
frequency monitor or receiver is high

RESONATOR
CRYSTAL

FIG.4

and the obtainable accuracy of meas-
urement will not be so high as in the
previous case,

Crystals suitable for the generation
of harmonic frequencies in the ex-
tremely-high- frequency region will have

between 5 and

and lf this device is or is

et
Several dlfferent crys-

with a
hlgh frequency heterodyne osclllzton
good accuracy may be obtained by
beating against the crystal

extremely - high - frequency harmonic
generation, is frequency-temperature
coefficient, This characteristic is im-
portant, since the frequency drift due
to temperature is multiplied by the
order of the harmonic employed, a
slight drift at the fundamental fre-
quency amounting to an appreciable
frequency change at a high-order har-
‘monic.

First-grade general communication
crystals are supplied in the 5-30-Mec.
range with frequency-temperature c
efficients sufficiently low to permit
their use for high-frequency harmonic
generation. Typical ratings of such
crystals are: 5-11 Mc., plus 2 cycles
per megacycle per Centigrade degree;
11-18 Mc, plus 2 cycles; 18-23 Mc.,
plus 20 cycles; and 23-30 Mc., plus
43 cycles. A constant-temperature
oven, capable of maintaining the crys-
tal temperature within 1 degree or bet-

30 3

tal cuts having various
chzractenstxcs are mcluded ‘within this
emands

If the monitor device is non-regenera-
tive or super-regenerative. it will be
apply
modulation o the ~crystal oscillator,

of accumcy and stability ~ dictating
choice of typ

Perhaps s significant of crys-
tal characteristics, with respect to

ter of its e will
greatly improve the stability of har-
monic points. The use of an oven is
imperative in the case of the higher-
frequency crystals, because of their
increased coefficients, and it is recom-
mended that this oven control the
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crystal temperature within one-tenth
or one-hundredth .

particu.ar advznmge of employ-
ing a_ crystal fundamental frequency
of 5, 10, or 15 megacycles is the op-
portunity to com?are these lrequenues

made to oscillate as rezdily at their
y

F
)
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USE OF RESONATOR CRYSTALS

High-frequency receivers, monitors,
and oscillators may be calibrated by
means of resonator crystals by em-
ploying the ability of these crystals to
resonate in the manner of a wave-
meter when they are electrostatically
coupled to tank circuits of the devices
under test. In operation, one electrode
of the crystal is grounded (see Figure
1) and the other electrode is placed
within the field of the coil or con-
nected to an electrostatic pickup coil
which in turn is placed near the coil
or an active electrode of the tul

As the high-frequency circuit is tuned
through its_range, oscillation or re-
generation is reduced sharply as har-
monics of the crystal frequency are
passed through. In a straight oscil-
lator, these rzsonant points, separated
by the fundamental frequency, may be
detected by deflections of a grid- or
plate-circuit milliammeter or by reduc-
tion of beat-note intensity as delivered
by an auxiliary monitor. In an oscil-
lating or strongly regenerating re-
celver there will be a reduction

resonating the plate tank to the lower
value. Since all crystals oscillate at
their fundamental frequencies in the
Pierce circuit, the latter is not_suit-

m!enslty or in tube or cir-
cuit noise as these resonant points are

ssed through. In a super-regenera-
tive recewer, the characteristic super-
or hiss will be re-

with _ stand
from WWYV. For correction against
standard-frequency  signals, several
means are available: at frequencies up
to 5 Mc. a small variable capacitor may
be shunted across the crystal holder;
at frequencies above 5 Mc. a variable-
air-gap holder may be employed for
the purpose; and very small variations
of crystal frequency may

by changing the operating temperature
of a closely-regulated oven.

The crystal manufacturer is able to
calibrate within 0.01 percent of the
indicated frequency. The guaranteed
accuracy of 0.025 percent includes this
figure and an additional 0.015 percent
which represents deviation in frequency
as the crystal is operated in oscillators
other than that in which it was cali-
brated. The last figure may be elim-
inated by having the ci

able for ion with
crystals.

Harmonic output voltage from the
crystal oscillator may be increased by
employing high values of grid bias
voltage, low-C tank circuits, and,
whenever a

duced or completely blocked as the
points are passed through. In each
of these applications, response of the
resonator crystal is comparable to that
of an absorption wavemeter, except
that the crystal will furnish a succes-

small amount of regeneration. ~Best
results will be obtained by employing
tubes which have been designed es-
pecially for ultra-high-frequency op-
eration.

SIGNAL INPUT
o

sion of standard-frequency spot fre-
quencies instead of the single fre-
quency characteristic of the wave-
meter. Intensity of the crystal action
will depend upon the harmonic order,

in the actual osallater In which it is
to be employe:

The high-frequency crystal oscillator
must be designed in such a manner as

tances increases at high frequencies,
often becoming more predominant at
some harmonic than at the crystal
fundamental. Tube choice 1s accord-
ingly of importance. In high-fre-
quency crystal oscillators, it |s ® avis
able to employ only triodes with low
wvalues of input capacitance.

he _higher-frequency crystals are
harmonic-cut types, since conventional
cuts would be impractically thin at
these frequencies. These crystals
actually oscnllzte at a harmomc of the

their thlcknesus, and they may be
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ness of electrostam: coupling, and
of the crystal.

The spot-frequency points afforded
by a resonator crystal, like thoss set
up by a standard-frequency oscillator,
cannot readily be identified as to
actual frequency unless some standard
reference frequency is available, How-
ever, such points are invaluable when
it is desired to subdivide the region
between known frequencies into equal
subdivisions.

U. H. F. FREQUENCY STANDARD

A very familiar arrangement of
standard-frequency calibrator assembly
for low-frequency application is the
100-ke. oscillator and 10-ke. multivibra-
tor circuit. The utility of the harmonic-
generating crystal oscillators, just de-
scribed, may be increased by the addi-
tion of a suitable high-frequency multi-
v:bmor to subdlvlde the extremely-

de b;
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U. H. F. SIGNAL GENERATORS

Various signal generators for the
ultra-high-frequency range afford con-
tinuously-variable-frequency output at
fundamentals extending well into the
very high frequency spectrum. Addi-
tional calibration frequencies are also
available by employing harmonics of
the fundamental frequencies.

Such equipments are manufactured
by General Radio Co. to reach a funda
mental frequency of 330 megacycles,
by Weston Electrical Instrument Cor-
poration for fundamental coverage up
to 150 megacycles, and by Ferris In-
strument Corporation for fundamental
coverage up to 100 megacycles.

MONXTORS
For the or identifi

A
)

SIGNAL INPUT

TO AUDIO* AMP.

tion of extremely-high-frequency sig-
nals, monitors of various types may be
constructed in accordance with the
cons 5 e

outlined.

For unmodulated signals, a regen-
erative or oscillating detector circuit
with either conventional or linear tank
circuit may be employed. The monitor
may be calibrated by means of a
Lecher frame, calibrated wavemeter,
or standard oscillator. Since there is
an upper limit of oscillation for each
tube  type,

o+

FIG.6

Other monitor circuits for modu-
lated signals are shown in Figures 4
to 7. Figure 4 illustrates a simple
crystal detector circuit fixed-tuned to
a given frequency by a dipole an-
tenna, each leg of which is one-quarter

select regenerator tubes which are
capable of reaching the frequencies
to be monitored.

An  alternative arrangement for
checking extremely-high frequencies
embraces a high-frequency oscillator
of one of the types described earlier in
this series together with an ultra-high-
diode detector, as shown in

regios
the crystal e e equal por}:
tions. Such an arrangement has been
developed by Sabaroff! and is illus-
trated in luncmmal block diagram in
Figure 2-
In thls arrangement, the crystal

block diagram in Figure 3. Standard
oscillator _signal and unknown signal
are mixed i e detector, the
beat note bemg d wered to head-
phones, audio amplifier, or beat indi-
cator. Slgnal frequencies may be

oscillator operates on
lrequency o7 Me. and controle &

1-Mc. multivibrator, the latter deliver-
voltage to a harmonic gen-
erator in the usual fashion. Calibra-
tion points as high as 250 megacycles
have been obtained by the deslgner

.5

by the beat.
note method w:th such an arrange-

-~ PICKUP ANTENNA

CONCENTRIC
CYLINDRICAL
/ELECTRODES

o
frequency. Figure 5 is a super-regen-
erative detector employing conven-
tional coil-capacitor tuning. Figure 6
shows a super-regenerative detector
with “hair-pin” line tank circuit. And
Figure 7 shows a Barkhausen-Kurz-
Gill-Morrel detector utilizing an elec-
tron orbit oscillator. The circuit is
after Uda® This circuit is relatively
unstable and suitable only for modu-
lated signals.

o Ulera High Frequency Measuring As-
sembly. Sumuel Sabarofl. Proc. 1. K. E. Mar
1939,

“Radiotelegraphy and Radiotleptiony on Halt.
Meter Waves. Uda. Proc. I. R. E. June 1930.

ad]\lsuble to_frequencies between 800
and 1800 kilocycles is readily
synchronized by oscillator voltages at
frequencies of ten times the multi-
vibrator fundamental.  Constants in
the multivibrator circuit are of par-
ticular interest, since these circuits
are ordinarily set up for audio-fre-
quency and very-low radio-frequency
response and must be specially ar-
ranged for high-frequency synchroni-
zation and ultra-high-frequency
monic transmission.  The multivi
brator circuit and constants given by
Sabaroff for 1-Mec. operation are shown
in Figure 2-B. Acorn tubes and ultra-
high-frequency-style wiring are recom-
mended.

T0 AUDIO AMP.

Rand G are tuning controls

FIG.7



