THERMAL

STABILITY in

RECEIVER OSCILLATORS-11

By RALPH R. BATCHER

Consulting Editor, Electronic Industries

A survey of the fundamental causes for oscillator drift by tempera-
ture effects, leading to the selection of a suitable compensation device

® In part I, certain conditions
were analyzed where the physical
assembly of a tuning capacitor af-
fected the frequency drift of the
circuit. Another cause for drift is
often encountered that may result
in even larger changes—that of the
dial mechanism. Every set, at least
when it is of console dimensions,
has its own tuning control design,
so it is impossible to bring out uni-
versally applicable suggestions here.

In some cases it is a three-way
problem: the capacitor rotor, the
frequency indicating pointer or
dial, and the driving knob each be-
ing on different shafts linked to-
gether by gears, cords and pulleys
or some friction device. These link-
ing mechanisms have expansion
stresses with temperature changes
which have to be relieved, and it
may be found that any one of these
three items may change.

Since the control knob rotation
usually is geared down to turn the
capacitor shaft it is generally the
last to shift. .On the other hand,
the capacitor shaft is free run-
ning and moves first. The move-
ment may be either rotational or
radial. The latter, to a certain ex-
tent, produces warping of the whole
condenser structure.

Very few tuning capacitors, de-
signed in the price range necessary
for use in receivers, will stand
much of this pressure on the shaft,
without introducing large and er-
ratic frequency shifts. Although it
sometimes happens that these
shifts accidentally compensate for
other variations, unless the struc-
ture is rigid enough to withstand
such pressures, the use of friction
or pressure discs or cords should
be avoided. The temperature/fre-
quency drift rate so introduced is
unpredictable and is not repeatable
even in a single set.

In one case it was found that op-
posite humidity and temperature
drift effects were produced by a
simple change of the location of
the tension spring in the string of
a cord and pulley drive! The
shrinking or expansion of the cord
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Fig. 1—A typical permeability tumed coil, Dif-
ferent temperature effects can be found if the
expansion length of the screw isﬂJ.more or less
than the distance along the winding form, to
the winding center, although the same total in-
ductance may result in either case

due to either factor could thus be
made to rotate the condenser shaft
either clockwise or counter-clock-
wise as desired. A study of any
proposed drive design for such pos-
sibilities should always precede its
tooling up to avoid inviting large
and uncompensatable drift troubles.

Inductance drift

So far, attention has been called
to certain outstanding sources of
instability in the tuning capacitor
in the circuit. Notwithstanding
best intentions, however, a certain
amount of drift is inevitable, so
that some compensation is always
necessary if a low order of drift is

to be attained. Before the proper
kind and amount of stabilization
can be determined it is necessary
carefully to analyze the records of
the average drift actually found
and to discover the “probable”
cause. The qualifying word “prob-
able” is used because the thermal
drift in some elements follows un-
usual laws and produces unpredict-
able curves.

A single layer inductance, wound
in a grooved form, may have a va-
riation in length that is controlled
by the expansion of the form ma-
terial, while its diameter may de-
pend on the expansion rate of cop-
per. If the expansion rates of the
diameter and length were equal,
one would expect that the induct-
ance would change in direct pro-
portion to the change in any one
dimension with temperature. Also
if the length could be made to in-
crease twice as fast as the diam-
eter, the temperature effect on the
inductance would be zero.

However, it is necessary that the
wire be wound with enough tension
so that it remains tight at all tem-
peratures to be encountered. In
this case the temperature coefli-
cient depends entirely on the ex-
pansion rate of the form material,
since diameter and length are both
affected at the same rate, and little
can be done practically to utilize
this method of securing a low co-
efficient.

In circuits using multilayer coils
(as for example the diamond weave
or self-sustained type) other effects
are to be noted. Here the diameter
of the first few layers may be in-
fluenced by the expansion of the
form, but the rest of the layers
depend on the expansion rate of
copper. The length of the wind-
ing may follow one of several vari-
ation laws, since the wires have a
tendency to spread out or contract
sideways to equalize strains in any
direction, like an accordion.

If impregnated with wax, the
length depends upon the expansion
of the wax, while the diameter de-
pends” largely on the expansion of
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copper. It is even possible to use
a wax that gives a negative coeffi-
cient of inductance drift with tem-
perature, if it expands enough!
Proper impregnation is the most
important factor in coil design as
far as low drift rate is concerned,
but the correct wax for one coil
shape ratio may be the wrong type
for another.

The thoroughness of waxing is a
deciding factor and the expansion
rate changes enormously if a heavy
dip in melted wax is replaced by a
light dip, or if the impregnation is
accomplished by evaporation with
the use of waxes dissolved in a sol-
vent. In passing, attention is also
directed to the ever-present shift
in the distributed capacitance of
a coil, as the impregnating com-
pound ischanged. Waxes have large

Fig. 2—Basic tuning circuit of an oscillator or
amplifier, C represents, the adjustable portion
of circuit capacitance; the elements with tri-
angle prefixes are increments (either positive
or negative) produced by temperature, etc.
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temperature coefficients in their di-
electric constant characteristics, so
that even if all other effects are
accounted for, this factor may com-
plicate the correction curve. Luck-
‘ily this variation is of the type that
is accurately handled by negative
coefficient ceramic trimmers or bi-
metallic capacitors of other types.

It is possible to measure the drift
of the distributed capacitance co-
efficient quite easily by considering
the multilayer impregnated coil as
a capacitor and connecting it in
shunt with another coil with a
much lower inductance value, and
making measurements at a fre-
quency a couple of decades higher
up the range.

All plastics have a large coeffi-
cient of expansion, compared with
metals. At times this can be util-
ized in producing a negative in-
ductance variation coefficient. For
example, a layer wound rf coil on
a bakelite or polystyrene tube nor-
mally will be considered to have a
positive coefficient, so that the in-
ductance goes up with temperature.
In the usual mounting arrangement
with permeability tuning, the core
slug will move relative to the coil,
by an amount depending on the
relative expansion rates of the coil
form and the screw mounting of
the slug. If this expansion pushes
the two together at increased tem-
peratures, a positive coefficient will
result. If they move apart, 2 nega-
tive coefficient is found. In Fig. 1,
the tuning slug moves in accord-
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ance with the expansion rate of
brass, but the winding moves at a
greater rate, that of polystyrene.

If desired, the slug can be moved
even greater distances by the move-
ment of a thermostatic bimetallic
strip. Study of the curves in Fig. 3
will show the compensating trends
of a variable inductance compared
with a ecapacitor type and indi-
cate which is preferable for a given
circuit. It has been shown* that
a typical coil wound on a poly-
styrene tube may have either a
positive or a negative coefficient
depending on whether the tube
thickness is greater or less than
18 in.

Compensation

There are two general methods
of approach to the frequency sta-
bility problem: improvement in the
operating stability of each com-
ponent, or the application of cor-
rective means for neutralizing the
overall shift that is found in a
well - designed setup. Corrective
measures will be effective only
when they follow up the original
shift at the same rate, considering
both temperature and frequency.

Consider a simple basic resonant
circuit, Fig. 2. Here Cp is assumed
to include all capacitance in the
circuit when the tuning capacitor
is entirely unmeshed. As men-
tioned in Part I the resonant fre-
quencies at two temperatures are:

£ =k fucecp) (1)
1= kI (LsaL)(CoaC + Cp+ACDH) (2)
(F/E92 = (eat/Of14(acsaCy)/(C0¢)]  (3)
= (1 + a0+ 8 0) (v)

where
A =AU/ 8 AC/(C+Cy):andD=ACH/(C+Cp) (5)
(F1€)2 -1 -=R2- 1 =a+B+0D (6)

In the above the A factors repre-
sent the increments in the values
of the respective factors caused by
some operating change. They may
be either positive or negative. In
obtaining eq. (6) from (4) the sec-
ond order effects AB and AD can
be ignored.

To utilize this relation the value
of R-must be obtained at several
frequencies by direct measurement.

In this analysis the value of C is
assumed to be the incremental ca-
pacitance of the variable capacitor
since its “zero” capacitance has
been lumped in Cpo. Then AC rep-
resents the shift due to normal ro-
tational movements of the rotor.

The relation in (6) shows that
shifts of equal per cent magnitude
in any one of the threeicomponents

"Polystyrene Applied to Radio Apparatus,’”
RCA Review, Oct., 1939, page 203
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Fig. 3—Typical frequency drift trends from
various circuit components

will produce equal changes in fre-
quency. Over the complete fre-
quency range, a straight line law
does not exist, however, because of
the change in C and AC as the
tuning is changed, a square law dif-
ference between f and C being
found. It will be found, however,
that it is impossible to accurately
apply eq. (6) to interpret experi-
mental data so as to determine the
importance of A, B or D, even by
making complete temperature-fre-
quency runs at numerous points
within the operating range.

There are several analytic expe-
dients that will prove of value if
another assumption is made: that
the value of L and AL (or A) does
not change with frequency, at least
within a narrow frequency range
of say 2:1. It is possible to elim-
inate the effect of the variable ca-
pacitor (that is item B) by the sim-
ple process of turning it so that the
plates are entirely unmeshed and
making a temperature run in this
condition. In this case (6) reduces
to R2-1 = A + D.

It can be assumed, following the
above definitlon of D, that its value
does not change with frequency,
although its effect is dependent on
a “cube law” relation.

This is an important relation,
since means for obtaining tempera-
ture compensation by the use of

_ceramiec capacitors with large tem-

perature coefficients (either nega-
tive or positive, as the case re-
quires) provides a correction that
follows this rule.

This cube rule is an approxima-
tion but is essentially correct when
C'>>ACand C'<C. Here AC is a
capacitance increment that may
occur at any point in the tuning
range, and C’' is the capacitance
at the highest frequency point (f')
of the range, and C is some other
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capacitance at a lower frequency
(f) in the range. The rule states
that the relative frequency incre-
ment caused by AC is very nearly
proportional to (f’/f)3. For exam-
ple, if the useful tuning range is
2.8:1, a capacitance shift of 1 mmf
will cause 2.83=21.95 times as
much frequency shift at the high
frequency end of the range as at
the other end. Using the common
relations between f and C, it can
be shown that:

.kt -k Je.ae
K/ hZe - k| JnTC - aC

Af/pF!

(7)

(8)

where n = f'/f

. nide e ac - Joy(da2e + pe)
(JnZcoat =nfC)(JE + oC)

Assuming that C> > AC, which is
correct in practical cases, as when
AC is the capacitance variation
due to thermal expansion effects
only, then

T

of/pf! (9)

AC ac?

T we (10)
and
R ac  ac?
JHEC*AC-nc*_an‘unzc {11)

Substituting (10) and (11) in (9)
and omitting terms containing
(AC)2.

2n2¢ 4 AC

fiaft -
af /a n T AC) (12)
_ 2n3c+ nAC

2¢ + ac (13)

This relation (13) becomes an
important factor in the application
of temperature compensation of
the capacitive type. Since the im-
portant term is the first term in
the numerator, it means that at
two frequencies anywhere in the
operating range (f) and (f'), the
respective frequency - increments
(Af) and (Af) have values in-
versely proportional to the cube of
the ratio between f' and f. Thus,
if a 10 mmf compensating capaci-
tor having a characteristic giving
750 parts per million change per
degree follows a 20 degree tempera-
ture shift (0.15 mmf absolute
change) and causes a frequency
change of 5,000 cycles at one mega-
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Fig. 4—Effect of 1 ##' incsemental capacitance on frequency shift under various circuit

parameters

cycle, it would cause & change of
40,000 cycles at the two megacycle
point on the dial if the only differ-
ence between the settings is the
position of the tuning capacitor
rotor.

A chart, Fig. 4, may be found of
interest In determining the fre-
quency shift caused by a small ca-
pacitance increment under various

AC Relative ef-
——=.01 fectiveness
Relative C when C of C. Af
frequency C+Cp (Cp=236) (assumed) (cube rule) relative)
3 40 4 AC = .04 217. 1.08
25 57.6 21.6 216 15.62 3.37
2.0 90.0 54 .54 8.00 4.32
1.5 160. 124 1.24 3.37 4.18
1.0 360. 324 3.24 1.00 3.24
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circuit conditions. Knowing the
actual frequency shift at any point
in the range, it is possible to de-
termine the required corrective ca-
pacitance to compensate for this
shift. Application of this cube rule
will show the resulting change at
other frequencies in the range.

It is desirable that a plot be
made of the data obtained in any
frequency run, as the resultant
curve in Fig. 3. From these data,
it is often possible to estimate the
probable cause for any shift dis-
covered and to estimate the best
procedure—whether inductive com-
pensation or capacitive compensa-
tion should be used. To improve
the resultant curve A + B’ 4+ D in
Fig. 3 still more, it would be neces-
sary to increase AL/L to about 0.25
per cent (that is—actually to make
the coil “worse”) and to add more

(Continued on page 224)
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(Continued from page 95)

negative-coefficient capacitance as
well, to about 0.0025.

The effect of a certain percent-
age change in inductance is a linear
shift, that is proportlonal to the
frequency, as indicated in curve AL
in Fig. 3. Percentage changes in
the value of C, however, follow an
entirely different variation law, as
indicated in the curve AC in this
figure, Also, as will be shown,
changes in ACp follow a different
law, the above cube rule. A com-
bination of all three circuit param-
eters produces a wide variety of
drift relations, as might be seen by
looking at the resultant curve Af
obtained by adding together the
three individual curves that are
shown in Fig. 3.

The curve for AC/c = .01, Fig. 3,
is obtained from the table on page
95. Although all values are as-
sumed, they are of a magnitude
that can possibly occur in practice.

In other words, if the tuning ca-
pacitor can be assumed to have a
fixed thermal coefficient so that
AC/C is a constant, the frequency
shift would follow a curve plotted
from the data in the last column.

The previous analysis has been
concerned with the frequency drift
in oscillators caused by thermal
variations.
setting of the oscillator may not be
the only factor that determines the
frequency that will be received.
Also, tube voltage parameters can
cause substantial changes in fre-
quency, but this latter is largely a
design factor, involving mainly the
location of the tap on the oscillator
coil. This problem will not be con-
sidered here.

Drift compensation

If the oscillator frequency is
higher than the incoming frequen-
cy, its thermal drift is sometimes
assumed to be compensated par-
tially by the drift of the if stages.
The extent to which this takes
place depends upon the relative
frequencies of the oscillator and
the if. An .001 per cent change in
frequency in a 55 megacycle oscil-

In the first place, the |

lator is equivalent to a .005 per cent |

change in the if (11 megacycle)
stages of the receiver. In the lat-
ter case, however, there is a fixed
frequency shift at any temperature
variation, while in a variable fre-
quency oscillator the drift is rarely
constant over the range., Although
keeping the oscillator frequency
higher than the input frequency
will only produce a partial correc-
tion, it still should be considered
in any design since it is well to
have all factors work toward im-
proving conditions rather than
making them worse.

It is hoped that this review of
some of the common causes of fre-

HOw Derzrcaeel MACHINES
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quency drift will point out possible
corrective methods when a given
circuit must be improved. There is
nothing that is so bothersome as to
have to readjust the tuning of an
FM or television receiver after each
5 or 10 minutes operation during
the first half hour's operation, to.
keep the signal tuned in.

From tests at several points in
the tuning range, it is usually pos-
sible to discover whether improve-
ments should be made in certain
components or whether a ceramic
compensator with a definite drift
rate can be used, or whether a bi-
metallic strip is applied to alter the
inductance (as by shifting the
permeability tuning slug) of either
the oscillator coil, or the if trans-
former coils.

RADAR SYSTEM
(Continued from page 80)

across the gap will prevent energy
from being transferred to the out-
put cavity and consequently dam-
aging the receiver.

Some antenna arrays suitable for
radar use are stacked dipoles with
an untuned reflector; a radiator
with tuned reflectors; and the di-
pole with parabolic reflector. In the
case of the parabolic reflector very
narrow rf beams can be produced
where the diameter of the reflector
is large in comparison to the wave-
length. In the microwave region
where wave guides are practical,
the antenna may take the form of
horns, or other impedance match-
ing wave launcher.

Radar receivers

Since radar frequencies are high
it is difficult to obtain sufficient
amplification. The superheterodyne
principle may be used and compo-
nents of high stability and sensi-
tivity are required. A block dia-
gram of such a recelver is shown
in Fig. 10. In general the power rf
signal is fed directly to the mixer
tube. The mixer and local oscil-
lator are located close to the T junc-
tion of the transmission line in or-
der that the received rf energy may
be converted to a lower frequency
before being passed on to the re-
maining elements of the receiver.
Such a receiver is typical of UHF
practice. The mixer is a non-linear
element such as a diode, or min-
eral crystal. The frequency con-
version elements must be located
close to the transmission lines to
minimize rf losses. Multiple fre-
quency conversion is essential to
high gain if amplifiers.

The output of a conventional sec-
ond detector is fed into a wide band
amplifier typical in many respects
to the video amplifier in television
receivers. The output of this am-
plifier is connected to the cathode
ray indicator system. (Turn page)
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AUTO-UTE RELAY

Solencid relay similar to
relays on outos with push-
button starters. 8.5 10 14
volts D.C., with heavy
double moke contacts,
’/{ X 37 x
2%, A14516

Spe:mlly priced, $ 1.1 9

MIDGET POWER
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Size3%4"x3"x
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49c
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