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This invention relates to thermionic valve oS-
cillators and amplifiers. '

Certain types of oscillators (which, with re-

duced “reaction” can be used also as selective.am-
plifiers) depend upon phase-shifting networks for
the “selection of the frequency generated (or
the frequency of maximum amplification). See
for instance British Specifications Nos. 489,849
and 395,586.
_The object of the invention is to improve the
construction. and simplify the use, calibration
and adjustment, of such oscillators by providing
(1) means for selecting in a simple and accurate
manner the frequency desired, (2) means for
compensating for manufacturing tolerances, and
for errors due to residual capacitances and leak-
age resistances in valves and circuit components,
and (3) means for compensating for the effects
of temperature changes.

Oscillators and amplifiers constructed in ac-
cordance with this invention are well adapted
for ease of manufacture. Moreover, the special
tuning system proposed provides for a very

large number of accurately known frequency .
settings without the use of any subsidiary aids -°

such as separate calibration charts, or elaborately
subdivided calibration scales.

EKnown methods of frequency selection

Tn the patents quoted it has been proposed 2

to select the frequency of oscillation (or maxi-
mum amplification) by adjusting the phase-
shift produced by a series of stages of resistive
and reactive networks.

The second of fhe patents gquoted employs
three stages of phase-shift, the first employs
two stages. But in each case the same basic
principle is used, i. e. that a series of amplifying

stages and phase-shifting stages are joined up |,

in - a -continuous circuit, and that the gain in
the .amplifier stages is made slightly greater
than the Joss in the phass-shifting stages; then
for one particular - frequency (one frequency
in the case of British Patent No. 489,849, but
more than one in the case of British Patent
No. 895,596) the shift of phase in the networks
will be just sufficient to bring the system into
oscillation (or, with reduced gain in the am-
plifying stages,
The case of apparatus as described in British
Patent No. 439,849, will be considered in detail
here since it irivolves fewer variables, but it will
he-clear that the téchnique proposed in this in-
vention can bs extended, if desivéd, to apply to

to maximum amplification).

6 Claims. (Cl. 250—36)
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the case.of more complex apparatus as described,
for instance, in British Patent No. 395,596, - " .-

In British Patent No. 489,849 a two-valve
system is described. It is known that an am-
plifier- with two valves only will provide an out-
put voltage which is substantially in phase with
the input voltage over a wide range of frequency
if R/C coupling is used and certain well-known
preeautions are taken. More particularly is this
the ease if advantage is taken of the well-known
principles of negative feed-back. In the Patent
quoted it is shown that if the output of such an
amplifier is coupled back to the input through
a network which provides zero phase-shift at
one frequency only, and if the power loss in the
network at that frequency is less than the gain
of the amplifier the system will oscillate at that
frequency, or alternatively that a certain re-
duction of the gain of the amplifier will lead to
a system which is not oscillating but is' highly
selective at the frequency of incipient oscilla-
tion.

It has been proposed to control the frequency
of such a system by varying either the resistance
or the reactance components of the phase-
shifting networks,

Proposed method of frequency selection

According to this invention it is now proposed
to select the frequency by varying two of the
ecormnponents of the phase-shifting networks ac-
cording to a particularly advantageous prineiple,
to he described. Secondly, to provide one ad-
justment of a component not so varied so-as to
take account of the residual and variable phase-
shifts which exist in the amplifier and elsewhere
and cannot readily be compensated or otherwise
allowed for, and thirdly to provide a second
adjustment of this or another component to take
gecount of temperature changes. L

Tt is also proposed to adopt phase-shifting
networks which -are proportioned so that the
principle referred to above is applicable;, with-
out compensation being applied, over the widest
frequency range feasible.

The principle referred te above according to
which it-ig proposed to vary the components of
the vphase-shifting networks can he  explained -
most readily by reference to & particular net-
work which is combined with a two-valve R/C
coupled amplifier. It will be appreciated, how-
ever, that it is not intended to limit the scope
of the invention to the use of this network or
to this combinaion of valves.

Consider a cirenit consisting of two parts A
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and B, part A consisting of a resistance Ri in
series with g condenser Ci, and part B consist-
ing of a resistance Rz in parallel with a condens-
er Co. Then, as is well known, if A and B are
connected in series across a source of alternat-
ing voltage, the relationship between the volt-
age across part B and the voltage across the
two parts in series will be such that at a certain
input frequency Fo these two voltages will be in
phase with one anofther. Such a network is
therefore suitable for use in oscillators of the
type described above, to connect the output of
the amplifier stage to the input of the stage.
The frequency Fo is given by the relationship

1
VE1R:C\C,

where Ri1 and Re are expressed in ohms and C:
and Cz in farads.

When, however, such a network is connected
to form the phase-shifting section of an oscilla-
tor of the type described the frequency of the
oscillation developed is different from that given
by the-above equation by an amount which is
dependent on the output impedance of the
amplifier stage. This impedance has to be con-
sidered as a part of the quantity R: if the for-
mula is to be exact.

It is one of the objects of this invention to
provide networks in which the phase-shift is
determined to a high degree of accuracy by
the quantity

Wy=2rFy= C.P.S.

1
VRiR.C,C,

One such network is made by adding a third
resistance Rz to the network in series with the
part B, this resistance being made approximate-
Iy equal to one-half of the effective output im-
pecance of the amplifier, measured at the point
at which the network is connected.

In cases in which the amplifier is imperfect it
is found that the choice of a resistance rather
in excess of the value just specified increases
the range of frequency over which the equation
is applicable. The failure of the equation at
low frequencies is due to phase-shift in the
amplifier (due to the finite capacitance of the
coupling condensers), and at high frequency to
residual capacitances in valves and other com-
ponents. (Tt is pointed out here that the effect
of the former phase-shift is to add a small fixed
quantity to the calculated frequency except when
the latter is of the order of 20 C. P. S. or less).
The resistance Ra operates to correct the high-
frequency end of the range.

Proposed “reciprocal” tuning principle—Iet
us consider now the advantages of an oscillator
to which the equation above has been found to
apply, e. g. one in which the resistance Rs is
ingorporated in the network.

Let C1 and C2 be fixed and let R: and Rs be
adjustable simultaneously. Then if the latter
are varied in equal proportion the attenuation
of the network (in conjunction with the ampli-
fier) at the frequency of oscillation, remains
constant, while the frequency varies in propor-
tion to

1
VRiR,

which is equal to
K

R
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4
where K is a constant depending on the ratio
of R1 to Ra.
If the law
K
FO_E
is followed, we should have keeping C: and C:
constant and making Rz always proportional to
R:

F 1=E
(writing r1, for one value of R: and adjusting
the resistance at Re in proportion) and
e "=
(writing r2 for another value of R: and adjust-
ing the resistance at Rz in proportion) so that

K
i _ K
1,1 7
o

1.1
Fl-l-F'z—K(r—!—i';;

where 71.2 is the resistance of r1 and 2 in parallel.

The significance of this equation is that if
the resistance 71 is switched into circuit at R:
and a proportional resistance into circuit at Rz
to obtain a frequency (F1) and then a resistance
r2 (which, by itself would produce a fre-
guency==Fz) is connected in parallel with 71,
while a proportional resistance is parallel at Rz
the result will be the generation of a frequency
equal to ‘

(F1+-F2)

This procedure can be continued indefinitely
so that any number of pairs of resistances
when joined in parallel in the. circuit will result
in the generation of a frequency equal to the

" sum. of the frequencies produced by the indi-

vidual pairs of resistances when brought into
circuit separately, provided that the influence
of the amplifier output impedance has been
cancelled by the use of resistance Rs.

For example if

1
0= "=
'\/ C}CzR]Rz
as before, and C1=C2=0.01596 »f. and R1 and R
are equal but varied in an identical manner,
then over the range of frequency within which

the internal phase-shift in the amplifier is negli-
gible, and if Rz is correct:

W,

1

W0= 27!"F0='ﬁ;
or
107
FO_E

With these arrangements a resistance of 1000
chms at R:1 and Rz will provide a frequency of
16,000 C. P. 8, a resistance of 10,000 chms at R
and Re will provide a frequency of 1000 C. P. S.
and a frequency of 11,000 C. P. S. will be pro-
vided by bringing both these resistances into cir-
cuit at once in parallel with each other.

An argument on the sarne lines, based on keep-
ing R1 and Ra fixed and varying Ci and Cz simul-
taneously, leads to the conclusion that if the ca-
pacities C: and Cz are varied by adding addi-
tional capacities in series (as distinet from the
addition of resistances in parallel as in the pre-
vious case) the law connecting frequency and

75 capacity has the same general form as that just
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described: for- the: case: of . resistances: added: in:
parallel;. In. this. case: the: resistance: Ra: is; not:
essentiali
Advantages derived ‘from-reciprocal tuning
principle

Clearly the:selection of frequency becomes very

simple if the:law of frequency addition just dis-

cussed is made use-of. One-of: the: many. forms:

in which this invention can be carried out will
be described.

For example-an-oscillator or selective amplifier
desiened in. accordance with this: invention to:

- cover -the:range of: frequency:50 t0:16,000:C. P:.S.
in steps of 10 C. P. S. would be composed as fol-
lows:

The total capacitance of all condensers making
up the capacitance Ci would be of the:order-of
0.016 pf. with about 10% of the capacitance con-
tained in two variable condensers a. and b, whose
functions are explained below.

The:condensers Ci.and:Ca:would be-of the same-
order of capacity.

The sets of paralleled resistances at R1 and Rz
would be identical. The resistances contained
in each set would be as follows:

Resistance | Freguency selected by resistance when in circuit; alone
Okms |
1;000-|-10,000 C. P. 8.y
10,000 |, 1,000 C. P. 8.}
5,000 |" 2,000 C.P.S.|
5000 |7 2,000-C. P 8. )
2, 008 % (1’83 ,g g % These 13 frequencies may-be-combined
19?’ 09 200 é P ‘g to provide over:1,£00 frequencies-dif-
50. 000 . P189) foring by 10 C. P, 8. between 50 and.
50, 000 200 C. P. S. 16,000 C. P. 8
20,000, 500 C.P.S. 4 Ml
T, 000,000 | 10°C. P. 8.
500, 000 20C. P. 8.}
500, 000 20 C. P. S.["
200,000 | 50°CLELS

Suitable switches are arranged to parallel any
dezired combination of resistances:

For frequencies at- which the amplifier phase-
shift is serious (. e. above about: 20'ke.): the-vari-
able condenser-a is set to predetermined: values
for each frequency.

The condenser b is seb to a predetermined value
dependent on the temperature of the apparatus.
Alternatively this condenser may be of the type

which can be adjusted to have either positive or- -

negative temperature coefficient, and thus take
. aecount of the capacity and resistance changes.

Tn the case of an oscillator in. which the: fre-
quency is varied by varying the capacitance in-
stead of the resistance, the temperature correc-
tion is affected by a variable resistance.

The amplifier stage of this- arrangement. would:
consist, for- example, of 2 H. F. pentode; valves:
R/C coupled. Indirectly heated. valves. would:
be used with automatic grid bias obtained- from.
resistances in the cathode-earth lead. No con-
densers would be. used. across; these resistances.
Negative feed-back would'be used to apply a frac-
tion of the output.voliage of the.stage-in: opposi-
tion to the input voltage of the stage: The
phase-shifting network would be connected across
a part of the potential dividing circuit which
provides the negative feed-back voltage.

The output impedance of the amplifying stage
measured at this point would be of the order of
1000-2000 chms and the. resistance Rz would be
of the order of 500-1000 ohms. An alternative
design of oscillator contains a number. of units;
of capacitance arranged; to: be. added. in. series: to
control the frequency:

20

30
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6~
Compensation. of residual phase-skifts:
in. amplifier

(1)- ITn the-case: of oscillators-in which the; re~
sistive components are variable, if*the resistance:
Rs is-made equal to one-half the output-imped-
ance of the amplifier-the reciprocal-law connect- -
ing frequency and resistance; holds-closely, in: the
case of carefully-chosen components and & well
designed amplifier, over a frequency range such;

" as 100 to 15,000 C: P: S. At:higher frequencies

the frequency generated is lower than the-law
indicates.

If the value of R is raised the. lower fre-
quencies are very slightly raised-but. the higher

" frequencies are strongly affected. The law, then

does not hold rigidly except at one frequency
near- the higher end of the useful frequemecy,
range. By proper choice of Rs, depending on the
resiqual phase-shifts due to the amplifier and
other components, the law cornecting frequency
and resistance can be made to follow the ideal
law up to a high frequency with negligible error.
~ Clearly, the correcting effect.of Rs is limited.
By increasing Rs, very high frequencies can be.
obtained but only at the expense of complete
failure of the reciprocal law. )

" (2) If the condenser Ci is provided with a
trimming condenser @, in parallel with it, the
useful frequency range of the circuit can be raised
still further. ’

For example, a trimming capacity ¢ equal to.

about- 10% of Ci can be used to approximately
double the range of freguency over which the
reciprocal-law will hold.

The use of the condenser «.is as_follows, over
the lower part of the frequency range g is.seb.at,
maximum and is undisturbed; ' '

At some frequency such. as, for example, 29.
ke., the departure from the reciprocal law be-
comes- serious. Beyend this point condenser a
is. reduced to a predetermined, value for each
frequency chosen. Thus over this. higher range
the selected frequency is. obtained only after
setting the condenser q.to.the correct. value-as
well as. setting the variable resistanee units to,
the correct value.

Since the.scale of the condenser ¢ is graduated.
only as the final stage of adjusiment.of. the
whole assembly, this graduation takes. account:
of all the residual phase-shifts. and. uncorrected.
errors in.the amplifier and in the wiring, and so
simplifies and cheapens the construction of the
amplifier.

It should be noticed, however, that the inter-
polation of frequencies by means. of. the variable.
resistances. R1 and- Re will be accurate: only: in:
se far as the values of the-resistances Ri1 and Re
are accurate.

Another source. of frequency error is that.due
to the phase-shift in the amplifier which is
caused by changes of oscillation amplitude. It
is proposed that if high accuracy of frequency
is desired, means will be provided so that the
amplitude of oscillation, is held at a prede-
termined value. Such means may consist, for
example, of a device which applies a negative
pias- to: the “suppresser’” grid of either or both:
the two valves: which form the amplifier seetion:
of the oscillator- if the amplitude increases:

Output circuits

It will be understood that. in order to deliver
any. large amount of power from. oscillators. of
the, type described, it is necessary, to. provide an
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output stage of amplification. A convenient
method of doing this is to make the second of
the two valves a pentode in which the two inner
electrodes are acting with the first valve to form
the amplifier section of the oscillator, and in
which the output anode circuit is screened from
the input by the electron-coupling.

The invention will be described further in
detail and by way of example with reference to
the accompanying drawings, in which:

Figure 1 shows the general form of a therm-
ionic valve oscillator in accordance with the in-
vention, X being an amplifier with zero phase-
shift, and Y the network.

PFigure 2 illustrates diagrammatically the gen-
eral form of the networks, A, B, C and D de-
noting the impedances of the network, e denot-
ing the voltage applied to network across ter-
minals {, 2 and e1 denoting the voltage across
terminals 3—4.

Figure 3 illustrates a network comprising an
arrangement of elements, as above defined,

Figures 4 and 5 illustrate networks including
certain additional elements the purpose of which
will- be deseribed below.

Figures 6 and 7 illustrate two forms of ampli-
fier which may be employed in accordance with
the invention. .

Figures 8 and 9 illustrate two further network
elements.

Figure 10 illustrates a network as shown in
Figure 3, arranged to permit variation in fre-
quency according to a decade law.

Figure 11 shows a network with trimmer con-
densers.

In the figures illustrating the networks, the
capacities and resistances are shown in the con-
ventional manner and are referred to respec-
tively as Ci, Cz, R1, Ra.

Networks suitable for use in decade oscillator

The general form of such networks is shown,
as above stated, in Figure 2, where A, B, C and D
denote the impedances of the network elements.

The network elements may consist of re-
sistances or condensers or a combination of both,
such that the network as a whole gives a phase
displacement between terminals |—2 and 3—4§
which is zero or nearly zero at the desired oscil-
lation frequency and which varies in opposite
sense for frequencies on either side of this value.

The expression connecting eo and e: is

ey A A C AC
u tTpTETETED
and this expression can be used to determine the
transmission characteristics of networks of this
type. A suitable network for use in decade oscil-
lators is shown in Figure 3.
"In the network shown, provided the ratios

By
R,
and

G

C.
are kept constant, the loss through the network
at the frequency for zero phase-shift is always
the same irrespective of the actual values of Ri,
Rz, C1 and Co.

If such a network is inserted between the out-
put and input of an amplifier giving zero phase-
shift between input and output, and having an
output impedance Ro and an input impedance
which is high compared with that of the network,

10
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8

then provided that the gain of the amplifier is
equal to or only slightly exceeds the attenuation
through the network, the oscillation frequency

is given by the expression
1

WZ: R
ROC| Rt Ri(1+22) |
for the network of Figure 3, and by
' 1
(RB1+Ro) R.CiC,

for the networks of Figures 4 and 5.
It Wil} be seen that W is proportional to

1
VC.C:
and therefore if mCe=C1

W=

1
. C,
This being so, if Ri, Rz, Ro and m are keépt
fixed and if :

W is proportional to

Cy
and

1

Cq
are both varied simultaneously by switching ap-
bropriate condensers in series with C:1 and Cz
then the law of frequency addition previously
referred to will hold.

Suitable values for use are shown in Fig-
ure 11,

The same effect cannot be obtained exactly
by varying resistances Ri and Rz unless Ro is
equal to zero, or unless Ro is varied in proportion
to R1. This is cumbersome since it involves three
variables. .

Referring to Figure 6, when this network is
used with an amplifier of zero phase-shift and
having an oufput impedance Ro so as to gen-
erate sinusoidal. cscillations, the frequency of

5 oscillation is given by

1
b S
w RiR.C\C,
brovided that
N __R201__>
Ra_R°'<R;C1+RzC'2
which reduces to
Bo
2
if Ri=R2 and Ci=Cs. Thus the addition of R
to the network of Figure 5 enables this network
to be used with a suitable amplifier to give a fre-
quency determined by
1
RB1R.CC,
which is independent of Ro and if nRs=R:1 and
mCa=C1

Wee

sz/mn
In this case either
but not both at the same time can be varied in

the one case by switching resistances in parallel
with R; and Rz and in the other case by switching
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éondensers in series with Ci1 and C2 and in both
cases the aferementioned law of frequency addi-
tion will hold.

The ratios m and n ‘must be kept ﬁxed

Optimum proportions of network.—The opti-
mum network is ome in which a given phase
change in the amplifier produces a minimum
change in oscillation frequency.

i 4

nR2=R1 and mCa=C1

Wo=nominal frequency (. e. that given when

amplifier phase-shift is zero)
W=actual frequency
¢ represents amplifier phase angle.

1;;131!
Wo =tan 0 +\/mn+

which is a minimum if

1) man=1
(2) n is small compared to m

With regard to condition (2) however, as 1 is
decreased, the amplifier gain has to be mcreased
so that it is not advisable to make 7 smaller
than %.

A preferred network has the proportions

m=1

Tepping down on output of network.—If de-
sired, the loss through the networks of Figure 3
can be increased without altermg the frequency
for zero phase- -shift. This can be done by tap-
ping down the component aeross the termlnals
3—14, that is, the condenser Cz.

Alternative reaction. control—Instead of con-
trolling reaction by means of the amplifier this
may be effected by the use of a high resistance
potentiometer across the terminals 3-—-4 of any
of the networks. The advantage of the arrange-
ment is that the output impedance of the am-
phﬁer is not.appreciably affected by this reac-

n=1

Effect of potentiometer on various networks

¢: and C: varied-—Figure 3—As long as the
potentlometer resistance is very high compared
with R, its presence will have a very small effect
on the frequency for zero nhase-shlft

R: and R: varied. —Fzgure 3.-—The potentiom-
eter control is impra cticable in this network.

Figures 4 gnd 5—Effect is to add a constant
number of cycles (small if potentmmeter resist-
ance is large c. 1. R2) to all the frequencies gen-
erated.

Figure 6—Same as 4 and 5 provided that Ra is
small compared with Ra.

Compensation for changes of amplifier output
zmpedance due to changes of valves or other
» eauses

Referring to Figure 3, when Ro the output im-
pedance of the amplifier changes, frequency for
zero phase-shift is not given by

1

P e B
W= R RCiCs
unless R3 is varied a proportional amount.

Rs is in consequence made variable in order to
compensate for such changes.

Referring to Figure 4, a variable resistance 7
is introduced to compensate for changes in am-
phﬁer output 1mpedance Ro. If Ro changes in
value 7 can be varied so ag to bring the sum of

Ro and r back to its original value. A method of

10
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10
checking whether the sum of Ro-and r has in fact
been brought back to its original value is pro-
vided by the resistances Ra and Rp. When these
are switched in and out of circuit together the
frequency will not change if the adjustment of r
has been properly carried out.
The ratio

R. R.Cy
Rb+Rn+T R1Ci+ R:C,

defines the values of Ra and Ro for use in net-
works of the type Figure 5.

Referring to Figure 5, the impedances Z. and
Zp provide a means for checking whether the ad-
justment of Rs is correct. If this adjustment is
correct then throwing the impedances Za and Zn
in and out of the circuit will not alter the fre-
quency generated.

The ratio

Za___ R
Zy RiCiHR.C:

defines the values of Za and Zp for use in networks
of the type Figure 3.

Suitable amplifiers are shown in Figures 6 and
7. Both are negative feed-back amplifiers in
which the feed-back connection is applied be-
tween the output of the amplifier and cathode of
the first valve.

The gain may be made very nearly equal to
the feed-back ratios in each case.

resistance 7 - resistance 17
resistance 7

Figure 6. —Gainz==-

resistance 8 - re51stance 19
résistance 8

Figure 7. ——-Gan

Phase-shift will be very small over a wide
range of frequencies.

A beneficial effect of this form of negative feed-
back is to lower the output impedance hetween
terminals {—2.

The amplifier of Figure 7 is better than that of
Figure 6 in this respect and can be designed to
have an output impedance of about 40 chms.’

Control of regeneration is effected in the case
of Figure 6 by resistance 47 and in the case of
Figure 7 by the potentiometer {2. '

The valve § in Figures 6 and 7 may be a pen-
tode arranged to work on a point of inflexion of
its ‘characteristic thus reducing second harmonic
to negligible proportions.

Automatic volume control—Advantage with
regard to reduction of harmonic and constancy
of output voltage may be obtained by working all
valves on linear portions of their characteristic
and controlling amplitude by means of a separate
component,.

Such component may be:

(1) An element exhibiting increase of resistance
when the voltage across it is increased, such
as an incandescent lamp. - This may be used
for the resistance 7 in Figure 6, and & in Fig~
ure 7. Then as the amplitude increases the
gain of amplifier decreases, and vice versa.
An element exhibiting falling 1e515tance as
the voltage is increased. This may be used
for resistance 17 in Figure 6, and {9 in Figure
7. Then as the amphtude increases the gain
of the amplifier decreases and vice versa.
Fither types of element may be used in Fig-
ure 7. An element with a rising character-
istic being placed in the lead 20 or an ele-
ment with a falling characteristic being
placed in lead 21.

(2

3
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4) Aform of A. V. C. as described in the preced-
ing portion.

Reduction of amplifier phase=shift
at high frequencies

With resistance coupled amplifiers the chief
cause of phase-shift at high frequencies is the
presence of stray inherent capacitances 18 and
13 (Figure 6), 22 and 23 (Figure 7). With the
addition of negative feed-back as shown the
phase-shift from this cause is reduced, also the
phase-shift due to 8 and 23 is reduced much
more than that due to {8 and 22. It follows that
a further considerable reduction of phase-shift
can be obtained if that due to 18 and 22 is re-
duced.

. This is the purpose of the inductance 15 (Fig-
ures 6 and 7).

The effect can best be shown by reference to

Figures 8§ and 9. '

5

10

12

Temperature compensation.~A similar sépa~
rate trimming eomponent may be used to take up
variations in frequency due to changes in ambient
temperature.

A change in this component will have the effect
of changing all the frequencies generated by the
same percentage.

Referring to Figure 10 which shows a network
as illustrated in Figure 3 furnished with a plu-
rality of fixed resistance elements arranged to
vary frequency according to a decade law.

The resistance Ri1 as will be seen is made up of
sets of fixed resistances, and the resisiance Ra
comprises a similarly arranged set of resistance -
elements.

In this case Ri=R2 and Ci=C: Ri and R
consist of two similar 4-dial conductance boxes
ganged together and C1==.01592 uf.

The values of the resistances are given below.

Resistance chms and switch position

Dial 0 I

1

E2‘3‘4]5I6'7{8‘9j10

z 1000,

| 10, 000 | 5,000
Same values multiplied
Same Values multiplied by 100
Same values multiplied by 1000

I
! 3,333 l 2, 500 l 2,000 i 1,667 1 1,429 l 1,250 l 1,111 I 1,000
by 10

The impedance of the network shown in Figure
7 measured across the terminals of the condenser
Co will have a phase angle which can be denoted
by ¢ and the impedance of the networks of Fig-
ures 8 and 9 measured across the condenser Co
will have a phase angle which can be denoted by
¢2. It-can be shown that for: all frequencies for
which WCo is less than 1, if Lo=CoRo: then ¢
is less than ¢ and therefore a reduction of phase
angle is obtained by the insertion of the induct-
ance Lo.

. The same procedure can be applied to the anode
cireuit of valve 6. )

It will be found that for frequencies above that
given by W2Co=1, the phase-shift will increase
much more rapidly than if the inductance was
not present.

Trimmer component for taking up variation
in decade law

Oscillators as described will follow a decade law
of frequency over a band of frequencies for which
the total phase-shift through the amplifier is
negligible but depending upon the tolerances al-
lowable there must necessarily be a lower and
upper frequency limit beyond which phase-shift
is not negligible and the decade law does not hold.

A trimmer component may be used tc correct
for departures from the decade law, and the
range of frequencies for which the actual fre-
quency agrees with the nominal can be extended.
. This trimmer can be

(1> When frequency is varied by changing R
and Re, C1 and C: remaining fixed.

(a) A variable condenser C1’ in parallel with Ca
(b) A variable condenser C2’ in parallel with Cz
(¢) A combination of both.

(2) When frequency is varied by changing Ci
and Cz, R1 and Re remaining fixed.

(@) A variable resistance in series or parallel
with Ri

(b) A variable resistance in series or parallel

. . with Re

(¢) A combination of both. -
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With the values as shown the nominal fre-
quency can be varied from 0 to 11,110 C. P. S. in
steps of 1 C. P. 8.

Whiie dial-type switching means may gener-
ally be used in accordance with the invention
push-button or other type of switching means
may be employed more advantagecusly in some
cases.

I claim:

1. A thermionic valve oscillator comprising a
thermionic amplifier section having a substan-
tially zero phase shift and connected across its
output circuit a network consisting of two parts
connected in series, one of the said parts includ-
ing a resistance in series with a condenser,. and
the other of said parts including a second resist-
ance in parallel with a second condenser and a
third resistance connected in series with the sec-
ond condenser and second resistance, and con-
nections between that part of the network con-
taining the second and third resistances and the
second condenser, and the input circuit of the
amplifier section adapted to feed back thereto
the voltage developed across the said part of the
network in such phase that oscillations may be
generated, the first resistance consisting of a
plurality of resistance units all connected in par-
allel with each other, and-means for controlling
the first resistance value by means associated
with each resistance unit, and the second resist-
ance comprising a plurality of resistance units
connected in parallel, and means for controlling
the second resistance value by means associated
with each second resistance unit.

2. A thermionic valve oscillator as claimed in
claim 1 comprising a trimming condenser con-
nected across the first condenser.

3. A thermionic valve oscillator as claimed in
claim 1, comprising a trimming condenser con-
nected across the second condenser.

4. A thermionic valve oscillator as claimed in
claim 1, comprising a trimming condenser hav-
ing two sections ganged together with one of said
sections connected across the first condenser, and
the other section connected across the second
condenser. x - - AL
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5. A-thermionic valve oscillator comprising a
thermionic amplifier section having in the anode
circuit of at least one valve thereof an inductance
and connected across its output circuit a network
consisting of two parts connected in series, one
of said parts including a resistance in series with
a condenser and the other of said parts includ-
ing a second resistance in parallel with a second
condenser and a third resistance connected in
series with the second condenser and the second
resistance and & connection between the last-
mentioned part of the network and the input cir-
cuit of the amplifier section adapted to feed back
thereto the voltage developed across the circuit
comprising the second condenser, second resist-
ance, and third resistance, the first resistance
peing made up of a plurality of resistance units
all connected in parallel with each other, the
resistance value of each unit being controllable
by means associated with the resistance unit and
the second resistance being made of a plurality
of resistance units corresponding with the re-
sistance units of the first resistance, the resist-
ance units of the second being all connected in

parallel with each other, the resistance value of ¢

each resistance unit of the second resistance be-
ing controllable by means associated with the
said resistance units.

6. A selective thermionic valve amplifier com-
prising a thermionic amplifier section having
substantially zero phase shift and connected
across its output circuit a network consisting of
a first and second part connected in series, the
first of said parts including a first resistance in
series with a first condenser, and the second of
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said parts including a second resistance in par-
allel with a second condenser, .and a third re-
sistance connected in series with the second con-
denser and second resistance, and a connection
between the second part and the input circuit of
the amplifying section adapted to feed back the
voltage developed across that part of the net-
work containing the second resistance and third
resistance and the second condenser in such
phase that oscillations may be- selectively ampli~
fied, the first resistance comprising a plurality of
resistance units connected in parallel and means
for controlling the first resistance value by
means associated with each resistance unit and
the second resistance comprising-a plurality of
resistance units connected in parallel and means
for controlling the second resistance value by
means associated with each:second resistance
unit.
EDMUND RAMSAY WIGAN.
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