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I OBJECT

At the present time the fleld of cholce of a
variadle frequency oscillator for laboratory use is lim-
ited to two classes of instruments. The commonest is
the conventional coil and condenser type in which the
desired frequency is obtained by an induectance-capacity
combination as given by a calibration chart. Although
an instrument of this type is capable of excellent
frequeney stability and an almost unlimited range of
frequencies, it has several disadvantages. Foremost,
is that it is slow and awkward to use if the frequency
must be changed often. Owing to the irgn cored induc-
tances required for low frequency operation, it must
~ have considerable weight, thus making its portabllity
Quite low. An example of an oscillator of this type 1s
the Western Blectric 8A oscillator. The second class
of oscillator is the beat-frequency type. An oscillator
of this type can be made to cover s wide range of fre-
quencies by the use of a single dial, and for thils
reason is particularly suited for general laboratory
use., However, it has the inherent disadvantage of
unsatisfactory stability at low frequencies and diffi-
culties of mechanical construction and layout. To -
overcome these difficulties in the higher quality deat-
frequency oscillator, it has been fcund necessary to
inorease the weight with the result that the portadility
has again been re-uced. An example of a high quality
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oscillator of this tyre 1s the Genersl Radio No. 713B.
The author has felt that there is a real need of
a new type oscillator that would combine the stability
of the coll-condenser type, the flexgbility of operation
of the beatefrequency type, and still be light and portedle
as well as simple in construction and ad justment.
The object of this research has heen the develop-

ment, constructicn, and testing of such an oscillator.




II GENBRAL THEORY
Prequency Determining Network

This is & new type of oscillator in which the
frequency determining element is a resistance-capacity
network. This network is characterised by having a
resonant frequency that is inversely proportional to
the produst of resistance and capacity. This fact
allows a much greater change in resonant frequency
for a given changs in cspacity than in the normal
inductance-capacity oseillating circuit, vhere the res-
onant frequency is inversely proporticnal to the square
root of capacity. Thus as a variadle droadcast com-
denser 1s capadble of s capacity change of at least tem
to one, a condenser of this type with suitadle fixed
resistanses could be made to cover the entire audio
frequency range in just three steps: 20 to 200, 200
to 2000, and 2000 to 20,000 cycles. Furthermore, all
these ranges could be made to read on a single scale
with multiplying facters of 1, 10, and 100. Bowevepy,
the discrimination of a network of this type in favor
of the desired frequeney 1s only very slight. As a
matter of fact it is almost exsctly equivalent to a
norsal inductance-capacity resonant cirecult ;1th a
"Q® of about 1/3. In Pig. 1 are shown the resistance
capacity network, the definiticn of the resonant fre-
quensy, and curves of frequency disorimination and
phase shift in the vicinity of resonance for different
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values of the parameters R and C.

When 8 circuit with a very low "Q" 1s used as
the frequency determining element of an oscillator,
there are two factors that may cause unsatisfactory
operation. The first and most important of these is
that the percentage change in frequensy .per degree of
phase shift 1s quite high. The second is that dis-
orimination against any harmonics that might be produced
in the amplifier is very poor.

Nyquist has shown that for oscillation to start
in an amplifier, the net phase shift around the ampli-
fier and feedback network combined must be 2vn radians,
and that the net gain must be oxnctlyvono..~ This means
that if there is a phase shift of Ap in the amplifier
circuit, then there must be a phase shift of -a8 in
the feedback or frequency determining networlk if osecilla-
tions are to continue, On inspection of the curves of
Fig. 1, it may be seen that for the case in which Rl = Ry
and Cq = Cy that s one degree change 1in phase shift can
only be achieved by a 2.8 per cent change in frequency.
Thus if in an oscillator of this type the maximm
allowable frequency deviation i3 & 1 per cent, then
the maximum phase shift must be less than 0.3 degrees.
This requirement then demands that the amplifier that
13 associated with this resistance-capscity network
be very stable with respect to phase shift.

The suppression of harmonics is also a factor




in the stability of an oscillator. If distortion were
present in the amplifier, some of the cross products
of modulation between the higher order harmonics night
be of the fundamental frequency, but in general would
not be of tho same phase. This would bde equivalent

to introducing a phase angle in the amplifier that
would be dependent on the distortion and hence on the
amplitude of oscillation. Por this reason there must
be scme amplitude-limiting device in the amplifier

circuit that will not intrcduce an sppreciadle amount

of distortion.

Design of the Amplifier Circuit

Prom the above analysis, the requirements of
the associated amplifier circuit may be set down:

(1) The total rhase shift around the
amplifier circuit must be 2rn radians.

(2) The amplifier must bave a gain of
just R, + 2Ro/R,

(3) The deviation in phase shift with
changes in plate voltage or tube
characteristics should be as low
as possible.
(4) Some mesns of amplitude limiting
should be used that will not intro-
duce harmonic distortion.
The first of these requirements may be met by the
use of a two-stage amplifier. The same result might bde

achieved by the use of a single stage and a transformer,
but in this case it would be difficult to find a trans-




former which would operate satisfactorily over a wide
range of frequencies.

The next three reguirements may be met by the
use of enough negative feeddback to reduce the gain of
the amplifier to the required value. When negative
feedback is applied to an amplifier, the normsl phase
sbift is reduced by s factor of sbout AB, where A 1s
the normal gain of the amplifier without feedback, and
g is the fraction of the output voltage that is fed
back to the input. Thus if the gain of the amplifier
without feedback, A, 1s adout 150, as 1t might be in
practice, and g is 1/3, the phase shift will be reduced
by a factor of avout §0 to 1. 7This then makes the
phase shift substantially independent of tubes or
‘external conditions. |

The last requirement, an amplitude-limiting
device that will not introduce distortion, 1s more
aifficult to achieve, It is well known that the galn
of an amplifier with negstive feedback 1s 1/p, providing
AP 1s lerge compared to 1. Thus if & resistance whose
velus incresses with the current through it is used as
part of the negative feedback network, the gain of the
amplifier may be made to deoresss with an inorease in
the input voltage. If an smpliffer of this type is
used as part of the oscillator, it can be adjusted so

that oscilletions will just start. As the oscillations
build up, the gain of the amplifier will de redused,




thus reducing the tendency to oscillate and causing the
amplitude of oscillations to reach a stable value., If
this value is low enough, the tubes will operate class

A, and no serious distortion will be introduced. PFurther-
more, any distortion tint-io produced, due to the non-
l1inear characteristics of the tubes, will be reduced by

a fastor of Af by the action of the negative feedbdack.

For the vsriable resistance, a small tungsten
lamp may be used. It h 2 vell known property of sueb
lawps that as the current through them inereases, the
filament warms up, theredy increasing the lamp resistance.
Figure 2 shows how the resistance of & 110 vols, 6 watt,
tungsten lamp changes with the current through it. It
may be seen that the maximum rate of change of resistance
i3 when the load current is less than 20 milliamperes,
and so to get maximum effeet, the .lamp should de opersted
in this region. 1In Pig. 3 is shown a complets diagram
of the oscillator. 'm negative feeddback is applied
from the plate of the output tube to the cathode of the
input tube. The lamp is placed from cathode to grcund,
80 as tc inorease the feedback and reduse the gain of
the amplifier as the oscillations build up.

The only requirement placed on the lamp is that
1t be operated at such & temperature that the time rate
of change of cooling be small compsred to half the
period of the loweat frequency. As the radiatiomn
is proportional to the fourth power of the absolute

)
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temperature, and as most of the energy is loat through
rediation, this requirement nny'bo oasily met by not
operating the lamp at too high a current. Under these
conditions, the 1life of the lamp should be almost
infinite.

The disadvantage of using a diode amplitude
control is that it introduces distortion at some part
of the cyele. If the conventional A.V.C. system
is used, instability of oscillations result. The time
delay that is inherent in such a circult permits the
amplitude of oseillation to incresse to.too large s
value, and then the action of the A.V.C. suddenly blocks
ell oscillation. This leads to intoruitgtnt oscil-
lations with a period dependent on the time delay of
the A.V.C. system. It might be possidle to design an
A.V.C. system in which this difficulty was overcome,
but the simplicity of the lamp circuit would preclude
its use.

Some care must be taken in the design of the
amplifier to minimize rhase shift eﬂd insure stablility.
Considerstion should be given to the physical layout
of the parts to reduce stray capscities and insure
satisfactory high fr¢qnbncy response. The effect
of toe large a phase shift will be to shift slightly
the upper end of the high frequency socale, with the
resnlt that this range will fail to treck with the

other frequency ranges and csusé an error in the




calidvration. At the low frequency end, there will be
the same difficulty with rhase shift, and so sufficiently

large courling condensers shculd be used.
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III EXFERIMENTAL RESULTS

A resistance capacity oscillator was constructad
and tested to determine whether it were practical.

It was decided that the most practical frequency range
to cover would be the range from 20 to 20,000 cycles.
The variable ccndenser was four gang, 410 mmfd. per
section, and operated with two gangs im parallel

for esch of the tuning condensers. To cover the de-
sired frequency range, it was necessary for the fixed
resistances to be 10 megohms for the low range, 1
megohm for the middle range, and 0.1 megohms for the
high range. As these resistances were so high, it
was necessary to use selected and matched earbon resise-
tors. The genmeral circult was that shown in Pig. 2, 3
with the exception that the tuning resistances were
arranged to that they wculd be changed by a gang
switch.

The factors that determine whether an oscillator
1s suitable for laboratory use are its frequency sta-
b111ty, its acouracy of calidbration, its harmonic
distortion, and its constancy of output over the desired
frequency range. .

The stabllity of the oscillator was checked
by varying the supply vcltage over a wide range and
then determining the percentage change in frequenocy.
¥hen the supply voltage was varied i 20 per cent,
the maximum frequency change at 100 cycles was only
0.2 per cent. As compared to a beat-frequency
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oscillator, this 1s quite astisfactory, for at this
frequency under similar conditibq’ & beat-frequency
oscillator might change as much as ¢ &6 per cent.

It was also found that the frequency ranges would be
made to track to within ¢ 1 per cent. If suitabdle
resistances are used, they may be expected to hold
their value to within & 2 per cent over long periods
of time., These facts combine to insure good fre-
quency stadbility and acourscy of calidration under
all operating conditiomns.

Tho.hnrnonic content of the wvave was measured
at different frequencies by means of a Gonirtl Redio
"uvo analyzer. A characteristic curve of distortion
ve. froénonoy is shown in PFig. 4. It may be seen
that at 2ll erQunncica the distortion is less than
0.5 per cent of the fundamental, For most work this
distortion may be considered negligibdble.

If the veriable ccndensers are properly ad-
Justed so that the ratio of the two capacities is
the same over the full range of the condongor, the
output can be held to within 3 1 4db. from 20 to
20,000 oycles. The output voltage as a function of
frequency is also plotted in Pig. 4.

Some investigation was mede to determine the
maximum and minirux frequency limits. There is a
consideradble demand for an osocillator that will oper-
aete in this frequency range, but there are two masin
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difficulties. In the first place, either very large
resistances must be used, with insulation resistance
or input impedance of the tude as a limiting factor,
or a very large variable condenser must be obtained.
The secend limiting factor is the ballast lamp, for
if this lamp changes its resistance during a half-
cycle, distortion will result. MNessurements were
actuslly maede to deterrine the wave-form of a
resistance-capacity oscillator at & cyecles, and the
distortion was fcund to be less than 1l per cent.

The distortion was measured by the use of a photo-
graphic oscillogram on which was performed a graph-
ical harmonic analysis.

The upper frequency limit is determined by
the frequency respcnse of the amplifier. The pro-
blenm, then, 1s the construction of a television
amplifier that may be adapted to use as part of tke
oscillator. #ith a suitable design, the maximum
usable frequency shculd be in excess of 1 mc.

Nr. L. Jeffers has found that with suffieient care
in the design of the arplifier, oscillations could
be obtalined up to about 5 mec. However, at this

frequency there was no indication of the stability

or of the harmonie ccntent.




IV CONCLUSICNS

A resistance-capacity oscillator of the type
just desorided should be well suited for laboratory
service, It has the ease of handling of a teat-fre-
quenecy oscillator and yet few of 1its disadvantages.

In the first place the frequency stability at low
frequencies 1is muéh better tran 1a possivle with the
beat-frequency type. There need be no critical place-
ments of parts to insure small temperature changes,

nor carefully designed detector circuits to prevent
interlocking of oscillators. As a result of this,

the overall veight of the oscillator may be kept at

a minimum. An oscillator of this type, including

a2 1 watt amplifier and powver supply, weighed only

18 pounds, 1n contrast to 95 rounds for the General
Radio deat-frequency oscillator of ccmparable perform-
ance,. The distortion and constancy of output compare
favorably with the best beat-frequency oscillators now
available. Lastly, an oscillator of this type can

be layed ocut and constructed on the same basis as a
commercisl broadcast receiver, dut with fewer adjust-
ments to make. It thus combines Qquality of perform-
ance with cheapness of cost to give an ideal ladorstory

oscillator.

19
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