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2lst June, 1947.

Dear Sir Krishnan,
I am writing this in continuation of my letter of 12th

June which I sent to your address at Delhi.
Herewith a suggestion in the accompanving note which you

may perhaps like to consider for the detection of capacity
changes of the order of 0.001 mmf. The underlying principleis essentially simple. The apparatus suggested is snown in
the form of a block diagram, 2s I did not want to load it up
with the details of the several parts of it; these can be
found in any of the standard books on radio engineering or

required, I shall be glad to make one and send vou.
detailed diagram isradio frecuencv measurements. ut if

If you are likely to try the method, I shall be interested
to hear if it works. I need not sav that if I can be of any
further assistance, you have only to drop me a line.

A few days back AWA Technical Review, Vol. 7, No. 3, 1947,
came in; I am sending it on to you under separate cover and

electrode-Capacitance Meter" by Lehany and McGuire on page 271
T have not studied it and so am unable to say how far it will
be useful to vou. Will you please return it after you have
done with it?

invite vour paper Radio-fegquency Inter

Wishing you and Mr. Venkatesan the best of success,
Yours sincerely,

HK Sato recon »

Enet= 1.

Sir K.S. Krishnan, D.Sc., ¥.R.S.,
Professor of Physics,University of Allahabad,
ALLAHABAD.

KS/VS.
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The problem is to detect a change of the order of 0.700 mmf.

in a capacity which may be anywhere betweem sav 20 and 500 mmf.

This corresponds to one part in 20,000 to one part in 500,000.
Both absolutely and in relstion to the total capacity, the
change of 0.001 mmf. is very Even with rigidly stable
power surtlies and cireuit elements, and using high q, that is,
low resistence tuned circuits, it is doubtful if the resonance
method can detect this change whether using a vacinum tube tolt-
meter or a balanced bridge.

is to convert the change in capacity to one of frecuency, by

Ze THE HETERODYYE METHOD Perpahs a more hopeful method

using the heterodyne principle of two oscillators beating with
each other, as for instance, in the beat frequency oscillator
so much used nowadays. r Venkatesan himself sucgests this
and it is worth trying, particularly because the experiment is
not one of determining the actuml magnitude of the change in capa-

écity as of detecting it and then restoring the capacity to
its original value suitably altering the mixturdin the cell.
3. The circuit suggested is, as the block diagram shows,
closely similar to that of the beat frequency oscillator. the
same principle is used in the requency deviation monitoring
instruments used in radio transmitting stations. If a gooa beat

frequency oscilator is readily available, the preliminary
experiment could perhaps be carried slicht modi

a

in it; The test will then be only at one frequency, namely,
the Prequency of the fixed oscillator in the instrument. (See

4anv book on oscillators or hi oh. Prequency measurements. )

4, CIRCUIT DETAILS: The two oscillators 01 and' 05 feed into

not only the frequencies of the two oscillators, but their sum

mixer or detector; at the outout or the latter will appear

and difference frequencies as well as others. The low pass
filter with a cut off frequency fo equal, sav, to 5 KhZ, allows
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only the difference frecduencv to pass through to the in: put
of the audio frequency amplifier and keens back all the others.
The audio frequency amplifier may consist of cither two or three

stages, the output stage transformer coupled, and the others

resistance-capacity coupled. A pair of telephones or a loud-
speaker forms the output circuit of the amplifier.
5. The cell forms a part of the tuming capacity of the self
oscillator 01, which should preferably have two variable air
condensers in parallel vith the cell, the coarse one of 250 mmf.

(max.) capacity and the fine one of 15 or 25 inmf. (mex. ). The

former is for adjusting the frequency within the desired region
of savy 8,090 to 20,000 KhZ; the fine condenser is or adjust-
ing the frequency of 0] to that of Oo, The souree of modu-

lation can he any audio Srequency oscifllator provided it has

avery pure note for its output; the frequency fy is preferably
1.0 Kn®. A tube maintained tuning fork oscillator would, if

6. Oscillator 05 may be an identical oscilletor to Oy. Or

it could be a quartz erystal oscillator; in the latter case

the measurgcan be Fe only at the frequency of the eryvs-

tal. Using a number of crystals, snot frequency measurements

will be obtained. Measurement at any desired frequency within
the "and.will not be possible. If, however, a good signal
generator, such as the one made by the General Radio Coy., of

U.S.A. is available, it will include »oth Oscillator Qo nd

the modulation source it is extremely convenient, easy to

handle, very well shielded and capable of giving an adjustable
output at any frequency, and with any desired modulation depth.

6. BEFORE THE CRYSTAL Is I INTO CELL, if the

switch S is open and the two oscillators are adjusted have

exactly the same frequency fo,. the output from the mixer will

available, he excellent.

can

have Zero frequency and therefore Zero magnitude. In other
4

words, there will be no sound in the telephones. But with the
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switch S on and the two oscillators stiil exactly of the same

there will be an output in the mixer an® so a sound
in the telephones o" freonency f
8, WHEN THE CRYSVAT, IS D PeopyD THO Tr Chi, the frequency
of the oscillator 0, will uncergo immediatel* a change from

tare nolo 4 +
1

fo to fy 1 the osc llator 0, and (b) the voltage of fre-
quency Ream f, from Oscillator 05 modulated st a frequency fm

if the switch 5 is on, but without the modulation if S is not
on.

9. If S is not on, the output from the mixer will have a

frequency df, eaual to the difference in the freruencies of the
two oscillctors. If df is appreciable and audible, it will
be heard on the loudspeaker. The cell mixture can then-be
altered suitably to reduce the frequency the note back to
Zero as it used to be before the erystal was introduced into
the cell.
10. If, however, the change df in the frequency of the oscilla-
tor 0, is in the range, the oscillator 06 must be
modulated by puttine on the switch S. The input into the
detector will then consist of the frequency frdt from oscilla-
tor 01 , and the frequency fo from oscillator 06 ; but carrying
the modulation fy. The outpus from the audio frequency
amplifier will then be a note of frequency f,, but modulated at
the frequency df If df is of the ofder of a few cycles per
second, the note fm will have a beat of df on it. the waxing
and waninz of the sound will be found to be unmist The
cell mixture is then adjusted as usual till the beat jane to df

orf, disappears and the pure note fy alone remains.
ll, If df is, however, not small, the sound in the telephones
will de rather confusing; this is due to the beating of fy
and af, and these again beating with each other and with fy.
Here again these sounds will resolve sad disarpem leaving the
clean note fm when the cell mixture is adjusted.

On ton

le. The modulation of oscillator Qs is essential when df is
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small and in the sub audio range. This case is likely
to arise when is low, of the order 590 KhZ. If
however df is high, the modulation of oscillator Os is both

unnecessary and urdesirable. & few examples have been worked

out in the table below taking representative values normally

used in practice. Thevy are merely iliustrative and may be

changed to other values, within the usual limits.

13. A WIEN'S BRIDGE may be used to measure the frequency of

the output of the audio amplifier, but it does not seem very

we

necessary at first sight. And when df is of the-order of

a few cycles, it can hardly be USE In any case, the exact

value of the frequency change is not required to be measured.

14, A DISCRIMINATOR may, at a later stage, be considered at

the output of the audio amplifier, as it will be useful for

all values of df. The modulation fm will then be necessary.

The discriminator circuit suggested here is similar to what is

used in frequency modulation recelvesreceies and for antomatic frequengy

control in the ordinary type of super heterodyne eves.

(See for example chapter 20, pages 180-2 of the Radio Designer's
receivers.

Handbook by Langford Smith).

15. It has slready been ested that a cood signal generator>

with provision for either external or internal modulation can

be used for oscillator Qo The General Radio. Company instru-

ment is one of the est. If this-is not available, a quartz

erystal controlled oscillator using a good crystal of low

temperature coefficient of frequencg may be tried. The fre-

quency of such an oscillator may be so stable when compared

with that of the self oscillator On that it may prove more a

hindrance than a help. It would be hest if the-two oscilla-

tors change their frequencies similarly h regard to tempera-

ture, supply voltages etc. Temperature control is best avoided

as'Bar as possible. - It takes space and involves trofible and

expense.

16. At least in the beginning, separate supplies are advantageous,
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one for the oscillator 0,, another for the oscillator Os
(uiless a signal generator is used), and a third for the rest
of the apparatus. well charged accumulator batteries of ample

ampere hour canacities are to be preferred to a.c.mains'
units. "eins noises, hum etc., can be troublesome.
it whould not be necessary to wait for one and two hours after
the supplies have been switched on.

17. To avoidbry at least, to mininise frequency changes due to

ornallv

4

changes in temperature, supply voltages etc., the measurement

should be carried out quickly, in tre space of a few minutes.

During this time, it is not very likely that changes in frequengy
in the set itself will be comparable to that caused by introducing
the crystal into the mixture. In «ny case the tter must *e

arranged to be more than the former. The change in freouency
due to the e stal in the cell takes place sudden4,whereas the
other is in the nature of a drift.
18. The two oscillators must be thoroughly sereened from each

other; otherwise they will "pull" each other into synchronism

and there will be a™"silent zone" on the condenser. this is a

familiar phenomenony

19 VALUSS OF af FOR A CAPACITY OF 0.001 mmf:

these are obtained very simnolv from the standard formula for
the resonznt frequency of en L.c. circuit.

(a) Before the ervstal is introduced the oscillator 05 has

7

ming

the frecuency fo ® where L and @ are1

LC2

the inductance and capacity of the resonant

circuit, includins the cell.
(b>) After the crvstal is introduced, the frequency changes

from fy to Po + df because of the change in the

capacity from c to c + de, where de = 0.001 muf, sa'

€ af 1

amy L(C # de

Yo a first order of approximation,

af=f, de
2Ce
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In the table below de is taken as 0.007

the values of C are rerresentative of these used, for
4

in radio receiver. The values o L
2

-accordincly.

-- eS ee me ee eS Sa ee See gE SO UR me ee ae mee en tom sD ee en ee OH ee oe

second).
(mmf). ( mmf) (ee Les rer

50 500" 0.001 0.5

79 250 99 1.0

1000 200 275

5000 100 25,099

10000 50 100.0
2 2

20000 20 3 500.0
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