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ELECTRON OSCILLATIONS

By Epvarp Karprus*

ITH regular three-element
tubes, oscillations of about 3

meters can be produced with-
out great difficulty. Most of the tubes
would oscillate at still higher fre-
quencies, but the output is decreased
rapidly. It has been possible to produce
oscillations as low as 0.5 meter with
special tubes, but these have been only

* Engineering Department, General Radio

Company.

laboratory experiments. One of the
difficulties in making a tube oscillate
at these high frequencies is the fact
that the inter-electrode capacitance of
the tube is too high and that it is not
possible to build tuned cireuits with a
high enough impedance. Another diffi-
culty in the ecircuit is that the time
required for the electrons to get from
one electrode inside of the tube to
another is too long, so that capacitance

Ficure 1. An experimental * Barkhausen™ transmitter (right) and receiver (left). Mr, Karplus is
measuring the wavelength of the receiver with his small reaction-type wavemeter. Two socket adapt-
ers are on the table at the right
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Fravrs 2. Relations between wavelength, power
output, and londness of received signal in an

.

electron oscillator as a function of the *“distance’
or length of the Lecher wire system

and inductance are no longer the sole
frequency-determining elements of the
cirenit.

An ahsolutely new method of pro-
ducing waves in tubes was first de-
seribed by  Barkhausen and  Kurz.!
The frequency of these oscillations is
not determined by a tuned eircuit, but
essentially by the period at which
clouds of electrons oscillate in the
space between the electrodes of 4 tube.
These are called electron oscillations.
The theory of these oscillations is very
complicated and the first formula for
the wavelength, given by Barkhausen,
is only approximately correct.

=l()00d_
v E

where X\ and d represent wavelength
and the distance between electrodes
in centimeters, respectively, and E
represents the voltage hetween the
electrodes. The formula contains only
one distance and one voltage, and, in-

A

1 Zeitschrift fitr Physik, Vol, 21 (1920), 1.

deed, only two electrodes are necessary
to produce electron oscillations. In
practical application, however, three-
element tubes are used and the third
electrode is used to modulate oscilla-
tions in a transmitter and to detect
oscillations in a receiver. Contrary to
the first theory, Gill and Morrell 2 have
shown that outside connections to the
tube influence the frequency to some
extent. A more recent analysis of these
oscillations has been given, for instance,
by Hollmann.?

Figure 1 shows on the left side a
receiver and on the right side an
oscillator for electron oscillations. The
high-frequency part of both of the
instruments consists only of the tube
and a few parts immediately connected
to it. On both sides of the tube the
doublet can be seen at the receiver,
and at the oscillator these are the two
rods at the right side of the tube. A
condenser in the form of a round dise
can be moved on these rods. The
different dials and instruments shown
in the two hoxes are necessary to
control the voltages applied to the
tube. Figure 2 shows schematically
in its upper part how the wavelength
of an oscillator is changed when the
system connected to the tube is
changed. In the oscillator shown. that
system is changed by sliding the round
disc on the two rods which form a
system of Lecher wires. It can be seen
that by increasing the length of the
Lecher wires the wavelength is in-
creased almost linearly at first and
then reaches a constant value. Then the
wavelength drops suddenly to a smaller
value, inereases again, and reaches the
same constant value as before. That
process can be repeated over the whole
length of Lecher wires.

YGill and Morrell, Philovophical Magazine,
Vol. 44 (1022), 161 and Vol. 49 (1925), 369,

4 H. E. Hollmann, Proceedings of the Institute
of Radio Engineers, Yol. 17, No. 2, February,
1929, 2209,
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We have said that the wavelength
of eleetron pseillations depends on the
tube, the voltages applied, and to some
extent, on the connected system. To
decrease the wavelength, the voltage
must he increased. The efficiency of an
electron oscillator is very small, how-
ever, and by increasing the voltage.
the losses in the tube are rapidly in-
creased. In a three-element tube, the
electrode which is affected to the
greatest extent is the grid which has
to dissipate all the lost energy. As the
grid of standard tubes is not designed
for that purpose, the voltage that can
be applied is very limited. With most
of the standard tubes, waves of about
40 to 50 centimeters can be attained.
The UY-227, for instance, can be used
with 60 volts on the grid and oscillates
then at roughly 70 centimeters. With
8 volts on the grid, two-meter waves
can be produced. A tube that can he
used at shorter waves is the old CG-
11621 for instance, that oscillates at
40 centimeters when 150 volts are
apphied. Figure 1 shows three different
socket adapters so that different tubes
cun be used in the oseillator. With
specially-designed tubes supplied with
a much stronger grid, waves of about 5
centimeters have been attained. The
energy available in electron oscillators
generally would not exeeed 0.1 watt.

We mentioned above that quite a
satisfactory theory has been estab-
lished about electron oseillations, but
the question of receivers has not yet
heen solved, at least theoretically.
Besides the erystal detector, none of
the other receiving methods used at
longer waves can he applied for electron
oscillations. It is possible, however, to
nse an electron oscillator quite effi-
ciently as a receiver when an audio

* These tubes are now becoming scarce, but
we believe that some are still avaoilable in salvage
stocks. — Eoiton,
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amplifier is connected to the plate
eircuit instead of the microphone nsed
in the transmitter. It has been possible
to communicate with telephony over
a distance of twenty miles, using
almost the same oscillator on both ends
as transmitter and receiver. The two
lower eurves in Figure 2 show the best
operating points when an electron
oscillator is used as a transmitter or as
a receiver.

Figure 1 shows o wavemeter for 0.5
to 1 meter. It can be seen that the
whole inductance of the tuned ecircuit
is built of the same piece of metal as
the plates of the condenser. The
bakelite tube ean be used as a handle
and is made long to avoid any eapacity
influence. The wavemeter is direct-
reading  and  ealibrated in  wave-
lengths,

Besides seienlific research, such as
the determination of dielectric con-
stants at high frequencies, heating
and changing of different chemicals,
and the biological influence on living
substances, waves produced hy electron
oscillations ean be very successfully
used in  communication. The char-
acteristics of these waves roughly
between 10 centimeters and 1 meter
are straight-line propagation, a very
low noise level, the possibility of
concentrating energy, and the pos-
sibility of modulating with very Ingh
frequencies. Most important is the
application in the navigation of ships
and aireraft. A system very similar
to the beacon system, applied in much
longer waves, is used to a great extent.
The advantage of the short waves,
however, is that a great many stations
can operate without interference in a
small area as the radiation is much
more limited to short distances by
uearly optical laws and can be con-
centrated much more effectively with
comparatively small reflectors,
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BEAT-FREQUENCY OSCILLATORS

By Cuarres T. Burke™®

E distinguishing characteristic of
the beat-frequency type of oscil-
lator is a wide range of output

frequency with a small variation in
circuit constants. The output of the
beat-frequency oscillator s, with
proper design, substantially constant
in voltage over the range for which the
instrument is designed. An instrument
of these characteristics has a number
of applications in the fields of test and
laboratory measuring
equipment, It is particu-
larly adapted to making
rapid adjustments in
apparatus designed to op-
erateovera particular fre-
quency range and in test-
ing such apparatus. In
both of these applications
the important feature is
the ability to make a
large percentage change
in frequency by the ad-
justment of a single con-
trol.

The desirable qualities of the beat-
frequency type of oscillator are ob-
tained by the use of two oscillating
circuits. In general, one circuit is of
fixed frequency while a means is
provided for varying the frequency of
the second oscillator. The difference, or
beat, frequency is detected and am-
plified to the desired voltage output of
the instrument. By proper choice of the
operating frequencies of the two com-
ponent oseillators, any desired range
of frequency may be covered with a
change in cireuit constants within the
limits of conventional design of adjust-
able inductance and eapacitance units.
The distinction between this feature
of the beat-frequency generator and

* Engineer, General Radio Company.

Figure 1. Muin tuning control for
the new beat-frequency oscillator

the operation of a vacuum-tube oscil-
lator appears from a comparison of the
factors governing the oscillator fre-
quency. In an oscillating cireuit the
frequency of oscillation is inversely
proportional to the square root of the
capacitanee and the inductance in the
circuit, consequently a given percent-
age change in frequency requires a
percentage change in capacitance twice
as great. Mechanieal requirements of
design of condenser units
are such that the change
in capacitance required
to vary the frequency of
an oscillating circuit from,
say, 10 eps.! to 10,000 cps.
would require the adjust-
ment of several controls.
In the beat-frequency
generator, however, a
comparatively small per-
centage change in one of
the component oscillators
will make a large change
in the difference fre-
quency. If the component oscillators
operate, for example, at 100 ke, a
change of only 109, in frequency is re-
quired to cover the range of 0 to 10,000
eps. The corresponding change in ca-
pacitance is one that may be accom-
plished in a single adjusting unit.
Several formidable design problems
are encountered in the construction of
a commercial beat-frequency oscillator.
The very feature which we seek in the
mstrument, that is, a large frequency
variation with a small change in circuit
constants, presents a serious obstacle.
If the instrument is to be at all satis-
factory, the output frequency must be
reasonably stable, yet a change as small

L eps. is used for “cycles per second™ and ke.
for “kilocycles per second™ thraughout.
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as 0.01% in the frequency of either
of the component oscillators at 100 ke.
would result in a 109, change in the
output frequency at 100 eps. Varia-
tions in frequency due to time and
temperature variations in the circuit
constants will be greater than this
under usual conditions. It was at first
suggested that the use of a piezo-
electric oscillator for the fixed-fre-
quency oscillator of the system would
be of benefit in overcoming this
trouble. Actually, the use of a piezo-
electric oscillator makes matters worse
since it eliminates in large measure the
possibility of drifts of the two instru-
ments offsetting each other. Fre-
quency changes, for example, due to
battery voltage, affect both oscillators
alike if they are similarly constructed.
The effect on the difference frequency
is greatly reduced. As a matter of fact,

May, 1931 5

the beat-frequency type of generator is
inherently unstable as to frequency and
while skilful design will reduce such
variations, the instrument cannot be
made to equal the conventional type
of oscillator in this respect.

A second deficiency of the beat-
frequency type of generator is likely
to be impurity of waveform. This may
take two forms: the presence of addi-
tional frequencies in the output due to
beats between harmonies of the com-
ponent oscillators, and distortion due
to tube-circuit characteristies. The for-
mer effect can be reduced by means of
areful filtering of the detector output
and by care in eliminating any coupling
between the two oseillators except that
which occurs through the detector.
The avoidance of distortion due to
tube and circuit characteristies de-
pends upon the correct operation of

Fiaure 2. A Type 513-B Beat-Frequency Oscillator being used in development work on the new
cathode-ray oscillograph which is soon to be announced
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tubes, at low levels, and the use of
lincar cirenit elements. Cireuits con-
taining iron-cored elements are par-
ticularly to be avoided.

The illustrations of this article are
taken from a commercial design of beat-
frequency oseillator which includes a
number of rather interesting features
which were developed in order to meet
the design difki-
culties confronted
in this type of
instrument. This
heat-frequency
oscillator was de-
veloped hy
Messrs, Eastham
and Arguimban of
the General Radio
Company’s Engi-
neering Depart-
ment.

In order to re-
duce temperature
effectsso faras pos-
sible, the portions
of the eircuit most
susceptible to such
variations have
been enclosed in balsa wood com-
partments. The heat conductivity of
this material is extremely low and
by its use the circuits are pro-
tected from the effects of minor tem-
perature variations. An effort has also
heen made to equalize the tempera-
ture within the unit by the arrangement
of the metallic shelving. The tubes are
all placed at the side of the instrument,
and the important parts of the cireuit
are enclosed in an aluminum compart-
ment formed by the shelves. The flow
of heat through the walls of this
compartment tends to equalize the
temperature within the eabinet.

With all of these precautions, how-
ever, frequency drifts are still present
in the oscillator. In order to correct for
the eflects of sueh drifts on the instru-
ment, a zero adjustment has heen

IET

534 Main Street, Westbury, NY 11590

Frevue 8. Type 513-13 Beat-Frequeney Os-
cillator, interior view
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provided. This consists of a small
condenser by means of which capaci-
tance can be added to one of the oseil-
lator ecireuits in order to restore the
circuit condition existing when the
instrument was calibrated. Asa calibra-
tion check on the zero adjustment, a
vibrating reed is included in the
instrument. The natural period of the
reed is about 100
eps. and is accu-
rately determined
when the instru-
ment is calibrated.
The reed setting
is then engraved
on the main fre-
quency dial. This
provides a means
by which the eali-
hration of the in-
strument may be
accurately

checked at uny
time.
The meanns

tukenforthe elimi-
nation of harmon-
ics are not so ob-
vious from the assembly photograph of
the instrument. They include the use of
filters and the arrangement of parts and
wiring. An important feature is the use
of toroidal coils in the oscillating
circuit. The use of these results in a
great reduction in coupling between the
oscillating circuits as well as in the
stray field of the oscillator itself.
Another interesting feature of this
instrument is in the dial. It is desirable
to spread the scale as much as possible
in order to permit an aceurate ealibra-
tion and an aceurate setting to fre-
quency in using the oscillator. A
straight-line-frequency condenser with
a 270%rotation has been used and in
addition to this a dial of large diameter
(8 inches). This combination permits
a seale which is open and easily read
throughout the range of the instrument.
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MISCELLANY

Your ADDRESS
WITII the May issue of your Ex-
perimenter we enclosed either a
card or a letter which we asked you to
return if you wished to remain on the
mailing list. We take this opportunity
of thanking those who have already
replied and of reminding the others
that we expect to base our mailing list
for the June issue on the results of the
returned cards and letters. If you re-
ceived no such notification, please let
us know at once, enclosing, if' possible,
the envelope in which this issue of the
Experimenter was mailed. No enclo-
sures were sent to Canadian subseribers
or to those whose names were added
after April 1, 1931.
#* * & #
New CaTaroc
E;\l{l,\' this month we mailed to
every one of our laboratory-instru-
ment customers a booklet, Part 2 of
Catalog F, which lists the new instru-
ments we have developed since lasl
June when Catalog F appeared. If you
are entitled to a copy and have not
received it, please let us know.

A supplement to our Parts and Ae-
cessories Catalog (Bulletin 932) is in
preparation and will be mailed out
shortly to all holders of this bulletin.

£ ¥ # %
Typre 371
HE demand for the Tyer 871
Potentiometer in the 50,000 ohm
size has inereased so much that this
size is now carried in stock, and we are
able to drop the price from $6.50 to
$6.00.
* *® * *
STANDARD INDUCTORS
E have available a very lim-
ited quantity of the Tyre 106-H
S-Millihenry Inductance Standards.

IE€T
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These standards are the same as our
regular cataloged ones, but are of a dis-
continued size. They formerly sold for
$25.00. We are selling them at $10.00
while they last.
- S S R
Vacvum-TuBE SOCKETS
E are announcing a new group of
vacuum-tube sockets similar to
our standard line of sockets except
that Isolantite has been substituted
for 2 moulded material. This material
is non-porous and has low dielectric
loss at very high frequencies and low
surface conductivity. These sockets are
designed for use where such qualities
are of importance, that is, in high-fre-
quency oseillatorsandin photo-cell work.
Three sockets are being made of this
material. The Type 556 Socket has a
metal shell and is suitable for mounting

SERVICE-TESTING
INSTRUMENTS FOR
THE PRICE OF

You can now buy a genuine General
Radio Type 360-A Test Oscillator
and a Type 287 Ohmmeter for the
price of the test oscillator alone.
Both instruments are the finest of
their kind and carry rhe same guar-
antee as if each were purchased
separately. The test oscillator is
complete with test tools and a
calibrated oxide-rectifier output me-
ter. There are no extras to buy be-
cause none are required.
We advertised Lhis in a national
dealers’ magazine after reserving a
thirty-day stock. When on May 5 the
offer expired, several instruments
still remained in this reserve stock.
These are being offered to Experi-
menter readers until July 10, 193],
subject to prior sale, of course.

Price of both: $115.00
GENERAL RADIO COMPANY

OFFICES ... LABORATORIES ... FACTORY
CAMBRIDGE A, MASSACHUSETTS
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four-prong tubes either with or without
the bayonet lock. The location of the
bayonet lock may be shifted to 45
degrees to accommodate the Western
Eleetric Company’s E Tube. The Tyere
657 Socket is designed for standard
four-prong tubes and the Typr 658 for
standard five-prong tubes. Both sockets
have a raised ring around the tube to
guidethe prongs wheninserting the tube.

THERMOCOUPLES

N the catalog description of the

Type 493 Thermoeouples it should
be noted that the heading over the third
column should read “Current to Give
10 Millivolts Open Cireuit,” and that
the current for the Tyrr 493-A Ther-
mocouple should be 275 and not 100
milliamperes.

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

THE NEW BEAT-FREQUENCY OSCILLATOR

Range: ro-r10,000 cps.

Single frequency control

Calibration accuracy: 29,

Tuned-reed frequency check

Output: 30 milliwatts

Good waveform

Complete alternating-current operation

PRICE $450.00

Complete specifications for this instrument
appear in Part 2 of Catalog F which was
recently mailed to all of our laboratory-

Type 513-B
Beat-Frequency Oscillator

instrument customers. If you didn't get yours,
ask us for another copy of ““Catalog F-X."

GENERAL RADIO COMPANY

OFFICES

LABORATORIES

FACTORY

CAMBRIDGE A, MASSACHUSETTS

RUMFORD PRESS
CONCORD. N. H.
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