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A SIMPLE METHOD OF PRODUCING WIDE-BAND
FREQUENCY MODULATION

By H. RAKSHIT anp N. L. SARKAR
(Received for publication, Maich 28, 1950)

ABSTRACT The three-phase R-C tuned radio-frequency oscillator developed by
Ralshit and Bhattacharvya (1946) can easily be made t» gencrate frequency-modulated
oscillations by varying the tuning resistance of one of the three stages in the oscillator.
It has been found that if frequency modulavion 1s produced by shunting any of the three
oscillator valves by a triode with the niodulating audio voltage on its grid, faithful wide-
pand modulation can be realised under proper adjustments Frequency stability of the
cental vumedulated carrier has been attained by incorporating an automatic frequency-
control system involving a phase discriminator. The experimental arrangement 1s fully
described in the present paper and a typical set of resulis with a 1 44-megacycle carrier is
presented. The preliminary observations have already given verv good results and further
studies are 1n progress.

INTRODUCTION

The R-C tuned oscillator is well known as a very good gencrator of
audio frequency oscillations. Rakshit and Bhattacharya (rg46) have pointed
out, however, that the conventional citcuit of a threc-phase system, with
components sclected for producing audio frequency oscillations, invariably
generates radio frequencics by virtue of the unavoidable stray and inter-
clectrode capacities. In fact, with the simple threc phase oscillator it is
imposstble :o gencrate audio frequencies unless certain modifications are
mtroduced in the circuit. It was further pointed out that the three-phase
radio fiequency oscillator can easily be made to gencrate frequency-modulated
oscillations by varying the tuning resistance of one of the oscillator stages
by the modulating voltage.

In a recent communication by the authors (Rakshit and Sarkar, 1949)
it has been reported that if frequency-modulation is produced by shunting
any of the three oscillator valves by a triode and applying the modulating
audio voltage on the grid of this triode modulator, faithful wide-band
modulation can be realised uuder proper adjustments. The present paper
gives the details of the observations.

THEORKETICAL CONSIDERATIONS

When the three stages are identical one of which being as shown in
Fig. 1, and the anode load of each valve is composed of resistance r, shunted
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by capacity C, 1t has been shown thal the oscillations produced are of ",vradm

frequency given approximately by
\

= X3 (1)

when 1, as also the anode imnpedance 7, of valve >> r, and C.<<<C. The
quantity C, in the above expression denotes the total stray capacity on both
sides of the coupling condenser (. In regard to C,, it will be noted that
the performance of the system remains unaltered 1if it is conrrected between
auode and cathode. In practice the three condensers C, of the three
stages are replaced by a threc-gang condenser between the common H I\
negative line and the three anodes.

Let us consider the case in which tiic three stages which are otherwise
identical m cvery respect have load resistances 7, for the two and 7 for the
third stage. 1f p be the angular {frequency of the gencrated radio {frequency
oscillations, the phase shift in either of the first two stages having load
resislances 7, is given by '

o= 2=mu—l 1 —l"zﬁ"z(‘:(_cg f&)
PCry

when C>>C, and r,>>r,.  Wilh further approximation
o p=gy=tan ' [~ pr (C,+C,)] o)
‘I'be phase shift produced by the third stage is
py=tan~1 | —/71((,‘,'-0 C,] B (3)
The total phase shift produced by the three stages is
p=21an"! | —1)'7.(6‘1 +C,)]+tan™? | —M(C?l +C,‘)] B )

The gain of a slage with load resistance 7, 1s given by o ’
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- gnrpC
B T =211:C (C, + C F + (5Cr)7]

In the symmetrical case it has been shown by Rakshit and Bhattacharyya
(1946) that, as a first ‘appraximation, pC,r,= v/ 3." Here also, as the variation in
frequency is very small, pC,7,==# 3 and hence

1€ (Crt €)= pr(Cy+C)pCr>>1
since 1,251,

"I'herefore, gaine —— £71112pC
VL(nCi+Cy x pCr) + (HCr,) ]

= 40 ‘
v [I +p'r*(Co+ Cn)a]

The overall gain for the three stages

- g:«nz’ (s)
[+ 012 (C+ C)P [+ (C+ €, )2 1R
For maintenance of oscillations we must have
(@) ¢=2r
and (1) overall gain 1.
Condition (1) 1s satisfied if
2 tan~ [ —pr,(C,+C,) ] +tan~ [ —pr(C,+C,)]=2n
2t G e,
or tap=! { 1P G+ C) =ar
I_zp”r,r(C, +C,)°
I _f’z"xz(cl + C:)z
2pn (Cl +C :) + =
o 1-p*n*(C,+C,)* m(Ci+C)=0
=1 _(1+21) -
t 1,(("+C.)(I r o (6)

1f, as mentioned in the introduction, the awvode load resistance of the
third stage’is éomposed of a resistance shunted by the modulator impedance
then for a ganged condenser used for C, the effective value of C, for the
third stage would be slightly greater, (', say, duc to the extia capacitances
mvolved, T'he frequency of the oscillations maintained is then given by

an(C,+C,) 1B
HC.T ) ‘ .. (6a)

_ 1
b= 71(C1+C.)
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On substitution from (6) expression (5) for the overall gain becomes

g."le" gafl21 g:’rl’r
%= == '_ — ’ ‘e
T 1?2 2r T 7 T i
2 1+-‘-) I+ — ( +—‘) 2(r+—' I+—) ( I~+ -')
( T [ I ! T T 1 2 \1‘ \’ )

Smce(){ + :—() 1s always greater than 2 for amy positive value of X, it is

evident that

- (50)

4.2
overall gain < g—;—-7

° In practice r differs from r, by only a small percentage and hence ovlcrall

3
gain 5[%] . Condition (1) for maintenance of oscillations is \hus
\

\

satisfied if
2 K2 Vil

The exf)ressmn (6) for frequency shows that if 7 is varied the generated
frequency will also vary, producing frequency modulation.

CONDITIONS FOR FAITHIUL MODULATION

The schematic arrangement of the third stage of the threc phiase oscillator
producing frequency modulation is shown in Fig. 2. The cllective anodv
load of the third valve is #/; shunled by the anode impedance R, of the

\

-
Cs=
T |-
-~

»

MODULATING SIGNAL

A §

Fi16. 2

Modulated slage of oscillator

modulaling triode, Tlhus

/'Ry
71,+Rv




Method of Producing Wide-band Frequency Modulation 211
and according to (6) the frequency of the oscillations 1s
- 21

= _-_1 21, 27
/ 2y (C,+C ) I<I+ P Rl>

=«\/<B+ ;—'v') BTG

= _._I_
211, (C,+C,)

where

. (9)

—_ 27
B=1+ o J

As shown in I'ig. 2, frequency modulation is produced by changing the
grid voltage of the modulator. Faithful modulation would, however, require
linearity between change in oscillator frequency and amplitude of modulating
voltage. Further, there should not be appreciable amplitude modulation
wiroduced in the process.

Livearity of frequency modulation requires that, over a frequency range
sufficient for wideband modulation

f=K(x+mV,) «v (10)

where K and m are constants of Lhe system which do not change with V, the
modulator grid voltage. Comparing (8) and (10), we find

1<(x+mV,,)=av</3+ %‘ )

2
giving (K*=*B) +2K*mV , + K*m?V 3= :%n
v

20y,
(R*=22B) + aK*mV , + K*m?® V,*

o1 R,=

= AR, (x0)
g
where A= K:T«—%’ﬁ
1
2,
B= I(:Pl Ve (IZ)
@ 1
_ K*m?
¢ 2er,
giving B/C=2z2/m wr (13}

[t has been found possible to have, under proper working conditions,
R, varying very closely according to (11), at least over a range of V, sufficiesit
for wideband modaulation, .
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OBSERVATIONS ON FREQUENCY STABILITY

To make a quantitalive study of the variation of carrier frequency witl
change of voltage on modulator grid it is essential that the R-C oscillator
las a good degree of inherent frequency stability. Tt is thercfore desirable
to discuss this question in detail and make an experimental study of the
stability beforc we attempt to study the nature of frequency modulation
capable of being produced by this system. ’

When all the three stages are identical, disregarding the presence of
the modulator for the present, the i1adio frequency of the R-C oscillator
1s given by

= W3

_ " 2mn(C,+C,) i

It has already been pointed out that in arriving at this approximate vhlue,

the impedance r, of the oscillator valves has heen ncglected as being > 1,.

since 7, is actually in shunt across 7,. \
One of the causes of variation of oscillation frequency is the variation

of 7, of the oscillator valves duc to fluctuation of supply voltages. Takig

- V3 .
7, into account we have f= —-* X —
d . e f 2=(C,+C,} R,

where 1/R,=1/n+1/1,
The variation 8f in frequency, due to variation 875 in 7,
381,

. §f=— — M3
s / 2r(Cy+C ).t

,81 = - R'_&." = - N M
o i r’ ntr, o1,

So far as variation in r, is concerned, it is obvious that for a high degree of
)
frequency stabilitys—; , 1, should be as large and 7, as small as possible. A

large value of 7, necessitates the use of r. f. pentodes and a small value of 1,
necessitates the usc of high-mu pentodes, since oscillations are maintained
when gr,&2- For a typical case in which r,=2 xTo® and r,=10°* ohms,

For one per cent variation in 7, there would be 2Xx10™® per cent variation
of the frequency of the oscillations. For a one megacycle carrier the
frequency_ variation due to ome per cent increase inr, will in this case be
minus 20 cycles. Stabilisation of the voltages to the different electrodes is
therefore essential to minimise this variation. In actual practice, the anode
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and screen voltages were derived from a stabilised source as shown in Fig. 3
and the heaters of the valves were fed from a voltage regulation

{ransformer.
To quartz oscillator and A.K.C. Unit

AA
\A%

FiG. 3
Stabilized IT T supply

Another mmporlant cause of frequency instabilily is the variation of the
load resistance 7, with change in temperature. To minimise the frequency
variation due to change in 7, caused by temperature change, the resistances
7, must be wound with wires having low temperature coefficient. Proceeding
as above, we get, for variation of 7,

 _ R,

1 — e ‘?11 ont — 8_7.!
n .

=
n? nt1. 7,

since r,>> 1,-
The resistances 1, were actually wound on thin mica cards with manganin
wires which have an average temperature coefficient of 10™" per degree
Centigrade. For a temperature 1isc of 1°C of the resistances 1;, there will
thus be a frequency change of minus 10 cycles on a one-megacycle carrier.

Frequency instability is also caused by changes in C, due to variations
m temperature.  Assuimning an average tetnperature coefficient of capacity to
be 2x 107, for small change in temperature, the change in frequency caused
by change 1n capacity due to increase of tempeiatute by 1°C is, for a one-
megacycle carrier, minus 20 cycles.

From a consideration of the frequency change due to change in working
temperature it is desirable to place both 1, and ¢, 1 thermostatically
contiolled chambers.

I'he degree of stability attained in this way was checked by comparing
with a quartz-controlled oscillator. In the absence of a direct frequency
weasuring equipment of high accuracy, the R-C oscillator was heterodyncd
with a quartz-controlled oscillator to produce a 1,000 cycle beat note. The
R-C and quartz-controlled oscillators were both scparated by buffer amplifiers
hefore applying to the mixer, asshown in Fig. 4. 'The beat note produced

§—T1738P~—g
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Checking stability of R-Ct oscillator

was in turn compared with a valve-mamlained tuning fork (1,000 cyclc)
oscillator.  The observed stability was found to be sufficintly good for making
quantitative studies in frequency modulation.

VARTATION OF OSCILLATOR PREQUENCY WITH
MODULATOR GRID VOLTAGLE

One of the oscillator valves was now shunted by a triode modulatos as
explained before and shown in Fig 2. The load resistance of this valve
was increased from 7, to 7/, so that under average grid bias on modulator the
equivalent resistance formed by 1/, and modulator anode impedance R, in
parallel is equal to 7,. The Deat frequency produced by heterodyning the
R-C and quartz-controlled oscillators was then measured by comparison with
a beat frequency audio oscillalor of good frequency stability.

To slart with, a preliminary mvestigation was made to find out the range
of modulator grid Dbias, if any, over which the variation of frequency was
approximately linear. This study revealed that for grid bias greater than |
volts the variation was morc or less linear  I'he cathode bias developed acioss
7 (figure 2) was accordigly set for 4 volts and the measurcments of
frequency for different values of grid vollage were made with all possible
accuracy.

With 4 30 volts grids bias (negative) on the modulator the three ganged
tuning condenser of the R-C oscillator was carefully adjusted to give a heat
note of say 500 cycles/second with R-C oscillator-trequency below that of
the quartz controlled one. From a kuowledge of the quarlz oscillato
frequency, that of the R-C oscillator was thus ascertained. This setting of
the tuning condenser was kept undisturbed. The modulator grid bias was
then slightly increased with conscquent decrease of the R-C oscillatol
frequency. The audio beat frequency accordingly increased and. the grid
bias carefully adjusted to make this exaclly 1000 c¢fs. ‘This grid bias was
recorded and the process rcpeated for higher and higher beat frequencies
A typical set of results is shown in 1'able I and also plotted 1n Fig. 5.
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From the plot in IYig. 5 it is obvious that R-C oscillator frequency
is practically a linear function of modulator grid bias over the rang.
V,=—4.75to V,= —6.0 volts, Within this range the variation in frequency
is 5.25 ke/s. Tt will be noted that the standard practice of wide-band
frequency modulation is to bave a frequency variation of +75 kejs over an
average carrier of, say, 5o Mc/s. This would require a fiequency deviation
of +1.5 ke/sover a one-megacycle carrier. In the plot of Fig. 5 there
is a total deviation of 5.25 kec/s over the lincar regime and hence if the
modulator is worked with a static bias of —5 4 volts we can easily get faithful
frequency modulation suitable for wide-band system. The modulating audin-
frequency voltage is to be inserled 1 series with the D-C. grid bias and the
resulting variation in R, of modulator will produce a deviation of carric
frequency proportional to the amplitude of the modulating voltage. {

o . ) . \
Within the linear portion the variation of / with 1”7, may Dbe repiebented
by the cquation '

f=K{a+mV,) (10)
In the particular plot under counsideration,

K=1.02110%)
(1)
m=418 107" J

AMPLITUDE MODULATION ASSOCIATED WITH
FREQUENCY MODULATION

I'requency modulation being produced by varying the effeclive anode
load of one of the oscillalor valves will automalically involve amplitude
modulation It must be remcmbeied however, that the percentage
change in {requency is very small. For cxample, wide-band frequency
modulation requiring a deviation of =75 kc/s over an average carrier fre-
quency of 50 Mc/s involves a frcquency change of 0.0015%. This would
require a very much smaller percentage change in 1 and hence the degree of
amplitude modulation will also be negligibly small. A typical set of data is
shown in Table II and plotted mn I7ig. 6.

TABLE IT
f (ke/s) ' 092 ‘ 903 99 l 995 996 997 4o
Output (volts: ‘ 1400 ‘ 1390 l 1 383 ’ 1 380 1370 1 365 ! 1 300
I [
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VARIATION OF R, WITH V, OF MODUlLATOR

From the linearity of modulation it is obvious that over the range of grid
voltage between —4.75 and —6 o volts, the anode impedance of the modulator
{ollows Lhe relation (r1). It was therfore considered desirable to make an
experimental study of the variation of R, with V, ‘Table 111 gives the
1esults of a typical set of observations and the plot is shown in Fig. 7.

v *W
B
S v A
E]
B
g 12
S
&
(]
28 |
1o T T T T T T
992 Go4 996 998
Frequency (he/s)
Fic. 6
Oscillator output—-Irequency
22
-
&
- 20 _E
Q
2
L ¥
>
"
- 18
T T T Al 16
-6 - -4
V, (volts)
F16. 7

Modulator impedence—Gaid vultage
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TasLe ITT

! H
V. (volts,-ve) | q.2 14 1,6 | 48 ! 50 22 @ 5. 56 58 1 60 | 62

i
1869 { 1918 | 19 69 | 20 23 [ 20.80 | 21.40 | 22,1,

R, (kilo-ohms{ 17 10 [ 17,45 [ 17 85|18 25

Assuming R, to vary accordmg to (13), the constants A, B and € a¢
found to be
A=8.8x10"* l

B=7.0%x107" (15)

C=2.5%x10 ° J

within the giid voltage range from =5 to —6 volts. From the values m (15)
it will be noted that

'

B/ =280 v (16)

According to cquation (13), BjC=2/m. But this expernnental value o& Bl
is not very close to the valuc of 2/m as obtamed from (14).  In this connec-
tion, 1t must be remembered that simce the quantity ¢ is very small, a shpht
error in measuring R, may causc large changes in the value of £, making it
even negative. 'The agreement between the observed values of B/C and 2/m
is, therefore, sufliciently good [or all practical purposcs.

Tt may be moled that from the point of view of frequency stability it is
better to work on that part of R, vs. ¥V, charactenstic (provided it satisfics
the condition of fidehty), or with such valves, for which R,,changes slowly
with 17, In that casc, slight changes in 17, will not appreciably alter the
generated fiequency.

STABILITY OF CIENTRAIL CARRIER FREQUENCY

It has been pointed out before that with proper regulation of the voltage
to the different electrodes of the oscillutor valves, the frequency stability
obtained is suflicicntly good for making quantitative obscrvations on frequency
modulation. Ii, however, we remember that to get the final radiation fie-
quency of the order of 50 megacycles/sec , the R-C oscillator fiequency is to
be multiplied many times 1t is obvious that the stability of the R-C oscillator
must be of a very high oider.

In a previous communication by Rakshit and_Bhattacharyya (1940) 1t
was pointed out that the three-phase R-C osciliator can casily be controlled
by a quartz crystal uscd as a connecting link between the anode of any one
stage and the grid of the succcedmng one. This method is quite simple but
is applicable only when quartz-controlled oscillations at a fixed frequency arc
needed. It is mot swilable for the present case where frequency modulation
is wanted. A mcthod very similar to the automatic frequency control system
in superheterodyne reception has, however, been found to work satisfactorily.
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EXPERITMIENTAL ARRANGEMENT

The schematic arrangemcut of the control system is shown in Fig. 8.
‘I'he R-C oscillator output, via bufler amplifier, 1s apphed to the signal grid of
the mixer valve and the crystal oserilator output similarly applied to the

QUAKTZ
oscr BUFFER

Fig. 8

Complete oseiilalor with stalnliced eontsal cantes

oscillator grid.  ‘The two tuned circuits on the anode of the mixer are
sepatately tuncd to a pre-determined frequency f, and are sufficiently loosely
conpled so that the luumg of one does not appreciably affect the other. The
crystal oscillator has a frequency of 1,000 ke/s and the R-C oscillator adjus-
ted to 1440 kefs (f, =440 kefs) so that the difference frequency f, is applied
to the phase discriminator as shown  “I'he function of the discriminator is to
istinguish Letween signals which are (i) above and (ii) below the proper
[iequency. When the R-C oscillator fiequency is exactly 1440 ke/s, i e. the
ifference {1cquency 1s the same as the resonant frequency of the two "tuned
cneuits, there is no D-C. voltage across (he points maitked ME. With zero
voltage across ML the 2rid bias on modulator is such that R-C oscillator
lrequency is exactly 1440 ke/s and under this condition the discriminator
cucuit has no effect upon the oscillator  If, however, the R-C oscillator
trequency drifts from 1440 kefs the difference frequency accordingly changes
and a D-C. vollage is developed across ML having its polarity dependent
upon the nature of the drift. Jtis so arranged that with decrease of R-C
oscillator freguency the voltage of M becomes positive with respect ta E so that
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R, of modulator decreases and thereby tends to increase, and hence stabilisc,
the R-C oscillator frequency, Similarly, for incrcase of R-C oscillator
frequency above the present value (1440 kc/s).

To start with, both the R-C and the quartz oscillators were disconnected
and only a signal gencrator set for 440 ke/s applied to the signal grid of the
mixer. The coupling condenser C, was also disconnected and the two tuncd
circuits on the mixer anode were separately tuned to 440 kc/s, the resomance
condition being indicated by the microammeter I, A sensitive D.C. valve
voltmeter was connected across M E and suitable adjustments was made to scc
that under resonant condition no difference of potential existed between
M and E. [Ihe coupling condenser C. was then connected and the tuning
of primary readjusted to restore resonance. On changing the signal generator
frequency above and below 440 kc/s, the voltmeter across M E indicated
voltages of opposite polarity and wilh proper adjustnient these voltages wcie
equal in magmtude for equal frequency deviations above and below 440 ke/s
As explained before, M has to be positive with respect to E for decrease of
R-C frequency and vice versa. If instcad of this it is found that ‘for any
particular set of connections M becomes negative with repect to E, E is\‘ 1o Le
connected o the modulator and M is to be earthed. With variation of €, and
the nutual inductance between the primary and the secondary the sensitivity
of the arrangement could also be controlled.

The signal generator was now disconnccted and the R-C and quartz
oscillators connected as shown. The tuning condenser of the R-C oscillator
was carcfully adjusted, with modulator gi1id bias set for — 5.4 volts as requued
for faithful modulation, so that the genecrated frequency was exactly 1440
ke/s as shown by zero reading of the D.C. voltmeter across ME. The
R-C and quartz oscillator voltages as applied to the mixer were next adjusted
to get the desired scusitivity m D C. voltage output across M E for deviations
of R-C oscillator frequency from 1440 keys

To check the improvement 1n f{requency stability attamncd with the
incorporation of the discriminator, the points M and I© were connected to
the modulator through a double-throw switch S as shown in Fig. 8. When
S was thrown to the left the discrimmator output was not applied to the
modulator and the D. C. voltmeter across ML occasionally showed perceptible
fluctuations ndicating variations of R C oscillator fiequency. When $ was
thrown to the right, there was absolutely no fluctuation in the readmg of the
volumeter indicating greater fiequency stability. ‘T'he functions of the
combinations R’C’ and R”C” in the discriminator output circuit are to allow
only the D. C. voltage output of disciuminator to be applied to modulator.

From the naturc of the arrangement shown in Fig.'8 it will be realised
that the system maintains a stable central carrier and theie is no change 1
voltage across N Ii even when modutating audiofrequency voltage is applied
to the modulator. The discriminator is effective in eliminating frequency
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diifts or scintillations of long periods and the normal desirable modulations
are not in any way affected. The slabilising system with discriminator
cannot obviously be used for making observations on variation of oscillator
tequency with modulator D.C grid bias as depicted in Fig. 5.

DISTORTION PRODUCED IN THE SYSTEM

Tt has Deen pointed out in a previous communication by Rakshit and
Bhattacharyya (1946) on the three-phase R-C oscillator that harmonic distor-
(ion of the unmodulated cariier can be kept low by maintaining three-plase
cymmetry. For 1ntroducing frequency modulation asymmetry has been
deliberately adopted with resulting increase in harmonic distortion. But
hy adjusting the anode load resistance of the modulated stage in the three-

phase system, the symmetry for the unmodulated condition can be maintained

aud hence harmonic distortion kept low. 1In any cuse, if the overall gain

15 {he minimum required for maintenance of stable oscillations, the harmonic
distortion is quite small although there might be slight asymmetry.

The presence of the modulator introduces other sources of distortion
which are of imterest The modulator valve is essentially a non-linear
clement, 1ts anode mmpedance varying with IL.T. voltage used. Since the
oseillator voltage is apphed across the modulator, its impedance will vary
ovel one period of the radio frequency oscillation and this is likely to
produce some distortion.  If the r[. voltage on the modulator be not large,
{he distortion due to this cause will be very low.

It should also Le noled that the modulating voltage on the grid of
modulator will naturally be present omn its anode and hence the frequency
wodulated output will have the modulating voltage superimposed upon .
"'his can easily be removed by using a hugh-pass filter of suilable design.

The frequency deviation required for wide-band modulation on a 1440
Le/s carrier heing about + 2.2 ke/s 1t is obvious that if the discriminator
lias a pull-in width of about 6 kec/s and the capacity C, across the diode
load (Iig. 8) has a value suitable for usual second detection, there will
he audio oulput across €, when the R-C oscillator will be frequency
modulated by means of an audio signal. For smusoidal modulating voltage,
fathful modulation would give—assuming ideal discriminator character-
ilics—sinusoidal audio voltage across Cy. Preliminary observations have
already been made with good results and further waveform studies a1e in
progress.

Observations on frequency deviations resulting from modulation are
also 1n progress,

CONCLUSION

The method of producmg wide-band frequency modulation as described
w this paper is very simple and the preliminary results, as reported, aie
6—~1738P—~3.
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quite encouraging. ‘I'he stability of the central carrier is no doul
dependent upon that of the phase discrimination assembly but is ‘practically
the same as the stability of the associated quarlz-controlled oscillator. 'T'he
overall stahility attained 15 quite satisfactory for all practical purposes.

1t must be pomted out that alarpe degree of frequency multiplication
would be necessary (o get the usual carrier of about 45 Mc/s starting
from, say, a 1.5 Mec/s carrier. It was reported earlier (Rakshit and
Bhattacharyya, 1946) that a carrier frequency as high as 0 Mc/s can e
obtained by using 6SK7 valves as oscillators with 1,500 ohin load resistances
and having no external C,’s across them. The inter-electrode and stray
capacitances alone then control the frequency and the stability is poor
To attain a high carrier [requeucy with good stability, it is desirable to Lave
external tuning capacitances much greater than the inter-electrode and stiay
capacitances and to use high-mu pentodes requiring small anode load
resistances for the maintcnance of oscillations, Quantitative obseri:vations
along this line and also on the different aspects of producing f\zithfu]
frequency modulation are in progress. i
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