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PATENT

I, EpyMunp Ramsay WicaN, a British
Subject, of ‘“ Frant >, Ninhams Wood,
Farnborough, Kent, do hereby declare the
nature of this invention to be as
follows : —

GENERAL.

(Certain types of oscillators (which, with
reduced ‘‘ reaction ’’, can be wused as
selective amplifiers) depend upon phase-
shifting networks for the selection of the
frequency generated (or the frequency of
maximum amplification). See for instance
Brit. Pats. 489,849 ; 395,596.

According to the invention it is now
proposed to improve the construction and
simplify the use, calibration and adjust-
ment of such oscillators by providing, (1)
Means for selecting in a simple and
accurate manner the frequency desired,
(2) Means for compensating for manufac-
turing tolerances, and for errors due to
residual capacitances and leakage resist-
ances in valves and circuit components,
and (3) Means for compensating for the
affects of temperature changes.

Oscillators and amplifiers constructed
in accordance with this invention are well
adapted for ease of manufacture. More-
over, the special tuning system proposed
provides for a very large number of
atcurately known frequency settings with-
out the use of any subsidiary aids suth as
separate calibration charts, or elaborately
sub-divided calibration scales.

Kxowx MerHODS OF FREQUENCY
SELECTION.

In the Patents quoted it has been
proposed to select the frequency of
oscillation (or maximum amplification) by
adjusting the phase-shift produced by a
series of stages of resistive and reactive
networks.

The second of the Patents quoted ém-
ploys 3 stages of phase-shift the first em-
ploys two stages. But in ea¢h case the
same basic principle is used, i.e. that a
series of amplifying stages and phase
shifting stages are joined up in a con-
tinuous circuit, and that the gain in the
amplifier stages is made slightly greater
than the loss in the phase shifting stages;
then for one particular frequency (one
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PROVISIONAL SPECIFICATION

frequency in the case of Pat. 489,849, but
more than one in the case of Pat. 395,596)
the shift of phase in the networks will be
just sufficient to bring the system into
oscillation (or, with reduced gain in the
amplifving stages, to maximum amplifi-
cation). The case of apparatus as
described in Pat. 489,849 will be eon-
sidered in detail here since it involves
fewer variables, but it will be clear that
the technique proposed in this invention
can be extended, if desired, to apply to
the case of more complex apparatus. as
deseribed for instance in Pat. 395,596.

In Pat. 489,849 a two-valve system is
deseribed. Tt is known that an amplifier
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 precautions
are taken. More particularly is this the
pase if advantage is taken of the well
known nprinciples of negative feed-hack.
In the Patent quoted it is shown that if
the output of such an amplifier is coupled
hack to the input throuch 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 amnlifier the system will
oscillate at that frequency, or alterna-
tivelv that a certain reduction of the gain
of the amplifier will lead to a system
which is not oscillating but is highly
selertive at the frequency of incipient
oscillation.

Tt has been proposed to control the fre-
auency of such a system by varving either
the resistance or the reactance components
of the phase shifting networks.

Prorosep METHOD OF FREQUENCY
SELECTION.

According to this invention it is now
proposed to select the frequency by vary-
ing two if the components of the phase
shifting networks according to a particu-
larly advantageous printiple, to
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
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amplifier and elsewhere and which cannot
readily be compensated or otherwise
allowed for, and thirdly to provide =
second adjustment of this or another com-
ponent to take account of temperature
changes.

It is also proposed to adopt phase-
shifting networks which are proportioned
so that the principle referred to above is
applicable, without compensation being
applied, over the widest frequency range
feasible.

The principle referred to above accord-
ing to which it is proposed to vary the
components of the phase-shifting net-

_works can be explained most readily by

reference to a particular network which
is combined with a 2-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

1
Wo=27Fpmr———
VE.R,C.C.

When however such a network is con-
nected to form the phafe-shifting section
of an oscillator of the type described the
frequeney of the oscillation developed is
different from that given by the above
equation by an amount which is depen-
dent on the output impedance of the
amplifier stage. This impedance has to
be vonsidered as a part of the quantity R,
if the formula is to be exact.

It is one of the objects of this inven-
tion to provide networks in which the
phase-shift is determined to a high degree

of accuracy by the quantity ————.
vR,R,C,C,
One such network is made by adding a
third resistance R; to the mnetwork, in
geries with the part B, this resistance
being made approximately equal to one-
half the effective output impedance of
the amplifier, measured at the point at
which the network is connected.

In cases where the amplifier is imper-
fect, it is found that the choice of a
resistance rather in excess of the value
just specified increases the range of fre-
quency 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 capacit-
ance of the coupling condensers), and at
high frequency to residual capacitances

this network or to this combination of
valves.

Consider a circuit consisting of two
parts A and B, part A consisting of a 25
resistance R, in series with a condenser
C,, and part B consisting of a resistance
R, in parallel with a condenser C,. Then,
as is well known, if A and B are connected
in_series across a source of alternating 30
voltage, the relationship between the
voltage across part B and the voltage
across the two parts in series will be such
that at a certain input frequency F, these
two voltages will be in phase with one 85
another. 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. 40

The frequency T, is given by the
relationship

¢.p.s. where R, and R, are
expressed in ohms and C,
and C, in farads.

in valves and other components. (It is 75
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 R, 80
operates to correct the high-frequency end

of the range.

Prorosen “ Reciprocarn ' TuNiNe
PrINcIPLE. :

Let us consider now the advantages of 85
an oscillator to which the equation above
has been found to apply, e.g. one in which
the resistance R, is incorporated in the
network.

Let C, and C, be fixed and let R, and 90
R, be adjustable simultaneously. Then
if the latter are varied in equal propor-
tion_ the attenuation of the network (in
conjunction with the amplifier), at the
freguency of oscillation, remains constant, 95
while 1ihe frequency varies in proportion

K
to —— which is equal to where K
. YRR, R,
1s a constant depending on the ratio of
R, to R,.

K
If the law F,=

is followed, we 100

should ]1.ave keeping C: and C, constant
and making R, alwavs proportional to R,

K (writing =, for the value of R,

F=—o

and adjusting the resistance at

7 R, in proportion)
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K (writing 7, for the value of R,

and F,=

1

and adjusting the resistance at
Ty R, in proportion)

so that (F, +1I",) =K (

Ty

where », is the resistance of », and r, in
paraliel.

The significance of this equation is that
if the resistance r, is switched into eir-
cuit at R, and a proportional resistance
into circuit at R, to obtain a frequency
(F,) and then a resistance r, (which, by
itself, would produce a frequency F.,)
is connected in parallel with », while a
proportional resistance is paralled at R,
the result will be the generation of a fre-
quency equal to (F,+F,).

This proceduce can be continued inde-
finitely so that any number of pairs of re-
sistances when joined in parallel in the
eircuit will result in the generation of a
frequency equal to the sum of the fre-
quencies produced by the individual pairs
of resistances when brought into circuit
separately, provided that the influence of
the amplifier output impedante has been
cancelled by the use of the resistance R.

TFor example if

1
W= —
vU,G.R,R,

as before, and C,; =C,=0.0139155 pI and
R, and R, are equal but varied in an
identical manner, then over the range of
frequency within which the internal
phaseshift in the amplifier is negligible,
and if R, is correct,

1
oW =2 =
C,R,
107
or Fy=

1

1 1
—
7y T2

With these arrangements a resistance of 35
1000 ohms at R, and R, will provide a
frequency of 1000 c.p.s., a resistance of
10,000 ohms at R, and R, will provide a
frequency of 100 e.p.s. and a frequency
of 1100 c.p.s. will be provided by bring-
ing both these resistances into ecircuit at
once in parallel with each other.

An argument on the same lines, based
on keeping R, and R, fixed and varying
C, and C, simultaneously, leads to the con-
clusion that if the capacities C, and C, are
varied by adding additional capacities in
series (as distinet from the addition of
resistances in parallel in the previous
case), the law connecting frequency and
capacity has the same general form as that
just described for the case of resistances
added in parallel. Tn this case the re-
sistance R, is not essential.

ADVANTAGES DERIVED FROM RECIPROCAL 55
TouNING PRINCIPLE.

Clearly the selection of frequency be-
comes very simple if the law of fre-
quency addition just discussed is made use
of. One of the many forms in which this
invention can be carried out will be de-
seribed: For example an oscillator or
selective amplifier designed in accordance
with this invention to cover the range of
frequency 50 to 16.000 c.p.s. in steps of 65
10 c.p.s. could be composed as follows.

The total capacitance of all condensers
making up the capacitance C, would be of
the order of 0.016 pF with about 10% of
the capacitance contained in two variable
condensers (a) and (D), whose functions
are explained below.

The condensers ¢, and C, would be of
the same order of capacity.

The sets of paralleled resistances at R,
and R. would De identical. The resistances
contained in each set would he as
follows : —
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Resistance. Frequency selected by resistance
when in circuit alone.
1,000 ohms 10,000 e.p.s.
10,000 ,, 1,000 ,,
5,000 ,, 2,000 ,, These 13 fre-
5,000 ,, 2,000 ,, quencies may be
2,000 ,, 5,000 ., combined to
100,000 ,, 100 ,, . provide over
50,000 ,, 200 ,, 1500 frequencies
50,000 ,, 200 ,, differing by 10
20,000 ,, 500 ,, e.p.s. between
1,000,000 ,, 10 ., 50 and 16,000
500,000 ,, 2 ., ¢.p.s.
500,000 ,, 20 .,
200,000 ,, 50 ,,

Suitable switches are arranged to
parallel any desired combination of re-
sistances.

For frequencies at which amplifier
phaseshift is series (i.e. above about 10
Ke.) the variable condenser (a) is set to
predetermined values for each frequency.

The condenser (b) is set to a predeter-
mined value dependent on the temperature
of the apparatus. Alternatively this con-
denser may be of the type which can be
adjusted to have either positive or nega-
tive temperature-coefficient, and thus take
account of the capacity and resistance
changes caused by changes of tempera-
ture.

(In the case of an oscillator in which
the frequency is varied by varying the
capacitance instead of the resistance, the
temperature-correction is effected 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 auto-
matic grid bias obtained from resistances
in the cathode-earth lead. No condensers
would be used across those resistances.
Negative feed-back would be used to apply
a fraction of the output voltage of the
stage in opposition to the input voltage to
the stage. The phase-shifting nefwork
would be connected across a part of the
potential dividing circuit which provides
the negative feed-back voltage.

The output impedance of the amplify-
ing stage measured at this point would be
of the order of 1000—2000 ohms and the
resistance R, 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.

(loMPENSATION OF RESIDUAL PHASE
SHIFTS IN AMPLIFIER.

(1) In the case of oscillators in which
the resistive components are variable, if
the resistance R, is made equal to one half
the output impedance of the amplifier the
reciprocal law connecting frequency and
resistance holds closely, in the case of
carefully chosen components and a well
designed amplifier, over a frequency
range such as 100 to 5000 c.p.s. At higher
frequenties the frequency generated is
lower than the law indicates.

If the value of R, is raised the lower
frequencies 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 frequency range.
By proper choice of R., depending on the
residual phase shifts due to the amplifier
and other components, the law connecting
frequency and resistance can be made to
follow the ideal law up to high frequency
with negligible error.

Clearly. the correcting effect of R, is
limited. By increasing R,. very high fre-
quencies can be obtained but only at the
expense of complete failure of the re-
eiprocal law.

(2) If the condenser C, is provided with
a trimming condenser (a) in parallel with
it, the useful frequencv range of the cir-
cuit can be raised still further.

Tor example, a trimming capacity (a)
equal to about 10% of C, can be used to
approximately double the range of fre-
quency over which the reciprocal law will
hold.

The use of the condenser (@) is as fol-
lows, over the lower part of the freauenty
range (a) is set at maximum and is un-

disturbed.
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At some frequency such as, for example,
10 Ke., the departure from the reciprocal
law Dbecomes serious. Beyond this point
condenser («) is reduced to a predeter-
mined value for each frequency chosen.
Thus over this higher range the selected
frequency is obtained only after setting
the condenser («) to the correct value as
well as setting the variable resistance
units to the correct value.

Since the scale of the condenser (a) is
oraduated only as the final stage of adjust-
ment of the whole assembly, this gradua-
tion takes account of all the residual phase
shifts and uncorrected errors in the ampli-
fier and in the wiring, and so simplifies
and cheapens the construction of the
amplifier.

It should be noticed, however, that the
interpolation of frequencies by means of
the variable resistances R, and R, will be

accurate only in so far as the values of the

resistances R, and R, are accurate.

(8) Another source of frequency error
is that due to the phase shift in the ampli-
fier which is caused by changes of oscilla-

tion amplitude. It is proposed that ii
high acturacy of frequency is desired,
means will be provided so that the ampli-
tude of oscillation is held at a predeter-

30

mined value. Such means may consist for -

example of a device which applies a nega-
tive bias to the ‘‘ suppressor ’’ grid of
either or both the two valves which form
the amplifier section of the oscillator, if
the amplitude increases.

Ourpur CIrCUITS.

It will be understood that in order to
deliver any large amount of power from
oscillators of the type described it is neces-
sary to provide an output stage of ampli-
fication. A convenient method of doing
this is to make the second of the two valves
a pentode in which the two inner elec-
trodes 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.

Dated this 24th day of January, 1939.
E. RAMSAY WIGAN.

COMPLETE SPECIFICATION

Improvements in and relating to Thermionic Valve Oscillators
and Amplifiers

I, Epmunp Ramsay WIGAN, a British
Subject, of * Frant ”, Ninhams Wood,
Farnborough, in the County of Kent, do
hereby declare the nature of this inven-
tion and in what manner the same 1s to
be performed, to be particularly described
and ascertained in and by the following
statement : — o

"Phis invention relates to thermionic
valve oscillators and amplifiers. ‘

(ertain types of oscillators (which, with
reduced ¢ reaction *’ can be used also as
selective amplifiers) depend upon phase-
shifting networks for the selection of the
frequency generated (or the frequenty of
maximum amplification). See for instance
British  Specifications Nos. 497,148,
489,849 and 395,596. o )

The object of the invention 1s to im-
prove 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 frequeney desired, (2) means for com-
pensating for manufacturing tolerances.
and for errors due to residual capacitances
and leakage resistances in valves and cir-
cuit components, and (8) means for com-
pensating for the effects of temperaturc
changes.

Oscillators and amplifiers constructed
in accordance with this invention are well

adapted for ease of manufacture. More-
over, the special tuning system proposec
provides for a very large number of
accurately known frequency settings with-
out the use of any subsidiary aids such as
separate calibration charts, or elaborately
sub-divided calibration scales.
Knxowx METHODS oF FREQUENCY
SELECTION.

In the Patents quoted it has been pro-
posed to select the frequency of oscillation
(or maximum amplification) by adjusting
the phase-shift produced by a series of
stages of resistive and reactive networks.

The second of the Paterts quoted em-
ploys 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 con-
finuous circuit, and that the gain in the
amplifier stages is made slightly greater
than the loss in the phase-shifting stages;
then for one particular frequency (one fre-
quency in the case of British Patent No.
489,849, but more than one in the case of
British Patent No. 395,596) the shift of
phase in the networks will be just sufficient
to bring the system into oscillation (or,
with reduced gain in the amplifying
stages, to maximum amplification). The
case of apparatus as described in British
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Patent No. 489,849, will be considered
in detail here since it involves fewer
variables, but it will be clear that the
technique proposed in this invention can
be extended, if desired, to apply to the
case of more complex apparatus as de-
scribed, 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 amplifier with two valves only will
provide an output voltage which is sub-
stantially in phase with the input voltage
over a wide range of frequency if R/C
coupling is used and certain well-known
precautions are taken. More particularly
is this the case 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 ampli-
fier is coupled back to the input through
a network which provides zero phase-shift
at one frequency ounly, 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 reduction of
the gain of the amplifier will lead to a
system which is not ostillating but is
highly selective at the frequency of in-
cipient oseillation.

I} has been proposed to control the fre-
quency of such a system by varying either
the resistance or the reactance components
of the phase-shifting networks.

ProroseEp MeTHOD OF FREQUENCY
SELECTION.

According to this invention it is now
proposed to select the frequency by vary-
ing two of the components of the phase-
shifting networks according to a particu-
larly advantageous principle, to be de-
scribed. Secondly, to provide one adjust-

1
W,=27 Fp=————
vR,R,C,C,

When, however, such a network is con-

90 nected to form the phase-shifting settion

96

of an oscillator 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
formula is to be exact. o

It is one of the objects of this inven-

100 tion to provide networks in which the

phase-shift is determined to a high degree

ment 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 com-
ponent to take account of temperature
changes.

It 1s also proposed to adopt phase-shift-
ing networks which are proportioned so
that the principle referred to above is
applicable, without compensation being
applied, over the widest frequency range
feasible.

The principle referred to above accord-
ing to which it is proposed to vary the
components of the phase-shifting networks
can be explained most readily by reference
to a particular network which is combined
with a two-valve R/C coupled amplifier.
It will be appreciated, however, that it is

‘not intended to limit the scope of the in-

vention to the use of this network or to
this combination of valves.

Consider a ecircuit consisting of two
parts A and B, part A consisting of a
resistance R, in series with a condenser C,,
and part B consisting of a resistance R,
in parallel with a condenser C,. Then, as
is well known, if A and B are connected
in_ series across a source of alternating
voltage, the relationship between the
voltage across part B and the voltage
across the two parts in series will be such
that at a certain input frequency F, these
two voltages will be in phase with one an-
other. Such a net work is therefore suit-
able 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 F, is given hy the
relationship

c.p.s. where R, and R, are
expressed in ohms and C,
and C, in farads.

1
of accuracy by the quantity ——
vR,R,C,C,

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

In cases in which the amplifier is im-
perfect it is found that the choice of a
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resistance rather in excess of the value
just specified increases the range of fre-
quency over which the equation is applic-
able. 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 fre-
quency to residual capacitances in valves
and other components. (It is pointed out
here that the effect of the phase-shift due
to the former cause is to add a small fixed
quantity to the calculated frequency ex-
cept when the latter is of the order of 20
e.p.s. or less). The resistance R, operates
to correct the high-frequency end of the
range.

Prorosep ‘‘ Recrprocar 7’ Towing

PRINCIPLE.

Let us consider now the advantages of

an oseillator to which the equation above

has been found to apply, e.g. one in which
the resistance R, 1s incorporated in the
network.

Let C, and C, be fixed and let R, and
R, be adjustable simultaneously. Then
if the latter are varied in egual propor-
tion the attenuation of the network (in
conjunction with the amplifier), at the
frequeney of oscillation, remains constant,
while the frequency varies iri proportion

1 -

—— which is equal to
vR R, R, )
is a constant depending on the ratio of
R, to R,.

If the law F,=

where K

to

is followed, we

1
should have keeping C, and C, constant
and making R, always proportional to R,

K (writing », for ome value of R,
F, = and adjusting the resistance at
7 R, in proportion)
K (writing», for another value of R,
and F,= and adjusting the resistance at
T, R, in proportion)
1 1 (rm+r) K
so that ¥, +F,=K +: = =
7y L Ty Ty T2

where »,, is the resistance of 7, and r, in
parallel.

The significance of this equation is that
if the resistance »r, is switched into eircuit
at R, and a proportional resistance into
circuit at R, to obtain a frequency (¥,)
and then a resistance r, (which, by itself
would- produce a frequency =F.) is con-
nected in parallel with »,, while a propor-
tional resistance is parallel at R, the result
will be the generation of a frequency
equal to (F,+F,).

This procedure can be continued inde-
finitely 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 fre-
quencies produced by the individual pairs
of resistances when brought into circuit
separately, provided that the influence of
the amplifier output impedance has heen
cancelled by the use of resistante R,.

Tor example if

1
JOORE,

as before, and C,=C,=0.01596 xF and
R, and R, are equal but varied in an

W,=

identical mauner, then over the range of
frequency within which the internal
phase-shift in the amplifier is negligible,
and if R, is correct :— ' ‘

1
W,=2:F, =
C.R,
107
or F,=

1

With these arrangements a resistance
of 1000 ohms at R, and R, will provide a
frequency of 10000 c.p.s., a resistance of
10000 ohms at R, and R, will provide a
frequency of 1000 c.p.s. and a frequency
of 11000 c.p.s. will be provided by bring-
ing hoth these resistanées into cireuit at
once in parallel with each other.

An argument on the same lines, hased
on keeping R, and R, fixed and varying
C, and C, simultaneously, leads to the
conclusion that if the capacities C, and C,
are varied by adding additional capacities
in series (as distinct from the addition of
resistances in parallel as in the previous
case) the law connecting frequency and
capacity has the same general form as that
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just deseribed for the case of resistances

added in parallel. In this case the

resistance R, is not essential.

ApvantacEs DERIVED rrOM RECIPROCAL
TuNING PRINCIPLE.

Clearly the selection of frequency be-
comes very simple if the law of frequency
addition just discussed is made use of.
One of the many forms in which this
invention can be carried out will be
deseribed. -

For example an oscillator or selective
amplifier designed in aceordance with this
invention to cover the range of frequency

50 to 16,000 c.p.s. in steps of 10 c.p.s. 15
would be composed as follows : —

The total capacitance of all condensers
making up the eapacitance C, would be of
the order of 0.016 pF with about 10% of
the capatitance contained in two variable 20
condensers (¢) and (b), whose functions
are explained below.

The condensers C, and C, would be of
the same order of capacity.

The sets of paralleled resistances at R, 25
and R, would be identical. The resistances
contained in each set would be as
follows : —

Resistance. Frequency selected by resistance
when in circuit alone.
1,000 ohms 10,000 c.p.s.
10,000 ,, 1,000 ,,
5,000 ., 2,000 ,, These 13 fre-
5,000 ,, 2,000 ,, quencies may be
2,000 ,, 5,000 ., | eombined to
100,000 ,, 100 ,, , provide over
50,000 ,, 200 ,, 1500 frequencies
50,000 ,, 200 ,, differing by 10
20,000 ,, 500 ,, c.p.s. between
1,000,000 ,, 10 ,, 50 and 16,000
500,000 ,, 20 ,, c.p.s.
500,000 ,, 20 ,,
200,000 ,, 50 ,,

Suitable switches are arranged to
parallel any desired combination of
resistances.

For frequencies at which the amplifier
phase-shift is serious (i.e. above about 20
Ke.) the variable condenser («) is set to
predetermined values for each frequency.

The condenser (b) is set to a predeter-
mined value dependent on the temperature
of the apparatus. Alternatively this con-
denser may be of the type which can be
adjusted to have either positive or nega-
tive temperature coefficient, and thus take
account of the capacity and resistance
changes.

In the case of an oscillator in which the
frequency is varied by varying the capaci-
tance instead of the resistance, the tem-
perature correction 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 auto-
matie grid bias obtained from resistances
in the cathode-earth lead. No condensers
would be used across these resistances.
Negative feed-back would be used to apply

a fraction of the output voltage of the
stage in opposition 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 amplify-
ing stage measured at this point would be
of the order of 1000—2000 ohms and the
resistance R, 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.

CoapEnsATION OF REsInTAL PHASE-
SHIFTS IN AMPLIFIER.

(1) In the case of oscillators in which
the resistive components are variable, if 76
the resistance R, is made equal to one-
half the output impedance of the ampli-
fier the reciprocal law connecting fre-
quency and resistance holds closely, in the
case of carefully chosen components and 80
a well designed amplifier, over a fre-
quency range such as 100 to 15,000 c.p.s.

At higher frequencies the frequeney
aenerated is lower than the law indicates.

If the value of R, is raised the lower 85

60
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frequencies 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 frequency range.
By proper choice of R,, depending on the
residual phase-shifts due to the amplifier
and other components, the law connetting
frequency and resistance can be made to
follow the ideal law up to a high fre-
quency with negligible error.

(learly. the correcting effect of R, is
limited. By increasing R.. very high
frequencies can he obtained but onlv at
the expense of complete failure of the
recinrocal law.

(2) If the condenser C, is provided with
a4 trimmine condenser (a) in parallel with
it, the useful frequency range of the cir-
cuit can be raised still further.

Tor example, a trimming capacity (a)
equal to about 109% of G, can be used to
approximately double the range of fre-
quleélcv over which the reciprocal law will
hold.

The use of the condenser (@) is as
follows, over the lower part of the fre-
quency range (@) is set at maximum and
is undisturbed.

At some frequency such as, for example.
90 Ke.. the departure from the reciprocal
law becomes serious. Bevond this noint
condenser (a) is reduced to a predeter-
mined value for each frequenev chosen.
Thus over this hicher ranae the selected
frequency is obtained onlv after setting
the condenser (a) to the correct value as
well as setting the variable resistance
units to the correct value.

Qince the seale of the condenser (a) is
oraduated onlv as the final stace of adinst-
ment of the whole assembly, this gradua-
tion takes account of all the residual
phase-shifts and uncorrected errors in the
amplifier and in the wiring. and so simpli-
fies and cheapens the construction of the
amnplifier.

Tt should be noticed, however, that the
interpolation of frequencies bv means of
the variable resistances R, and R, will be
accurate only in so far as the values of
the resistances R, and R, are accurate.

Another source of frequency error is
that due to the nhase-shift in the amnlifier
which is caused by changes of oscillation
amplitude. Tt is proposed that if high
accuracy of frequency is desired. means
will be provided so that the amplitude of
oscillation is held at a predetermined
value. Such means may consist, for
example, of a device which applies a
negative bias to the ¢ suppressor ”’ grid
of either or both the two valves which
form the amplifier section of the oscillator

if the amplitude increases.
Ourpur CirRCUITS.

Tt 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 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 1o form the amplifier section of the
oscillator, and in which the output anode
eirenit is sereened from the input by the
electron-coupling. -

The invention will be described further
in detail and by way of examvle with re-
ference to the accompanying drawings, in
which : —

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

Figure 2 illustrates diagrammatically
the general form of the networks, A, B. C
and D denoting the impedances of the
network, e, denoting the voltage anpplied
to network across terminals 1, 2 and e,
denoting the voltage agross terminal 3—4.

Figures 3, 4. 5 and 6 illustrate networks
comprising various arrangements of ele-
ments, ag above defined.

* Picures 7 and 8 illustrate networks in-
cluding certain additional elements the
purnose of which will be described below.

TFieures 9 and 10 illustrate two forms of
amplifier which mav be emploved in
accordance with the invention.

Figures 11 and 12 illustrate two further
network elements.

Figures 18 and 14 illustrate networks
respectively as shown in Figures 5 and 6,
arranged to permit variation in frequency
according to a decade law.

Tn the figures illustrating the networks,
the capacities and resistances are shown in

65

70

5

80

85

90

95

100

105

the conventional manner and are referred 110

to respectively as C,, C., R,, R..

NETWORKES SUITABLE FOR USE IN
DErcaps OSCILLATOR.

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

The network elements may consist of
resistances or condensers or a combination
of both, such that the network as a whole
gives a phase displacement between
ferminals 1—2 and 8—4 which is zero or
nearly zero at the desired oscillation fre-
quency and which varies in opposite sense
for frequencies on either side of this
value.

The expression connecting e, and e, is

115

120

125
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e, A A C AC
—=l4—F—t—t—
e D B D BD

and this expression can be used to deter-
mine the transmission characteristics of
networks of this type. Thus using this
expression for the network of Figure 5 the
frequency for zero phase-shift is given by

1

2

R.R.C,C,
and the inverse loss through the network

(4

(—0') at this frequency is given by
(2
’ R, OC,
1+ —+—
R, G
1
Wi= -
R,
R,C,C. [Rz +p(l+—
R,
1_
and by Ws————
" R,+p) R.CC,

Tt will be seen that W is proportional to
1
and therefore if m C,=0C,

1
W is proportional to 6—

VC.C,

1
This being so, if Ry, R, p and m are kept
1 1

fixed and if — and — are both varied
1 2

simultaneously by switching appropriate
condensers in series with C, and C, then
the law of frequency addition previously
referred to will hold. )

Suitable values for use are shown in
Figure 13.

The same effect cannot be obtained
exactly by varying resistances R, and R,
unless p is equal to zero, or unless p is

varied in proportion to R, This is
cumbersome since it involves three
variables.

Referring to Figure 6, when this net-
work is used with an amplifier of zero
phase-shift and having an output im-
pedance p so as to generate sinusoidal
oscillations, the frequency of oscillation is
given by

Suitable networks for use in decade
oscillators are shown in Figures 3, 4, 5
and 6.

In the networks shown, provided the

1 1
ratios — and — 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 R,, R,
C, and C,.

If such networks are inserted between
the output and input of an amplifier giv-
ing zero phase-shift between input and
output, and having an output impedance
p and an input impedance which is high
compared with that of the network, then
provided that the gain of the amplifier is
equal to or only slightly exceeds the
attenuation through the - network, the 30
oscillation frequency is given by the ex-
pression

20

25

for the network of

] Figure 3.

for the networks of
Figures 4 and 5.

1
)| L
R,R.C,C,

RR.C,
provided that R;=p. ( _ )
R\, +R:C,

P
which reduces to — 60

if R,=R, and C,=C,.
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

Woee ——
R,R.C,C,

65

which is independent of p and if =

R.=1R, and m C,=C,

Vmn
W=
R,C,
1 1
In this case either — or — but not both 70
R, C
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at the same time ean be varied in the one
case hy switching resistances in parallel
with R, and R, and in the other case by
switching condensers in series with C,

5 and C, and in both cases the aforemen-
tioned law of frequency addition will
hold.

If n Ry=R, and m C,=C,

The ratios m and n must be kept fixed.

Orrivva PrororTioNs or NETWORK.

The optimum network is one in which 10
a given phase change in the amplifier
produces a minimum change in oscillation
frequency.

15 W,=nominal frequency (i.e. that given when amplifier phase-shift is zero)

W =actual frequency
6 represents amplifier phase angle.

W W, n
Then ( —

w, W
which is a minimum if
20 (1) mn=1
(2) »  is small compared to m.

With regard to condition (2) however,
as n is decreased, the amplifier gain has
to be increased so that it is not advisable

26 to make n smaller than %.

A preferred network has the propor-

tions

m=1. n=1

Tapping Dowy ox OTTPUT oF NETWORK.
80 If desired, the loss through the net-

works of TFigures 3, 4 and 5 can be in-

creased without altering the frequency for

zero phase-shift. This can he done by

tapping down the component across the
85 terminals 83—, that is, the condenser C,

in Figure 3. and the resistance R, in

Tigures 4 and 5.

ALTERNATIVE REscTION CONTROL.

Instead of controlling reaction by

40 means of the amplifier this may be effected
by the use of a high resistance potentio-
meter across the terminals 3—4 of any of
the networks. The advantage of the
arrangement is that the output impedance

45 of the amplifier is not appreciably affected
by this reaction control.

ErreEeT oF POTENTIOMETER OX VARIOUS
NETWORKS.

(', anp (', variep. TFigure 3. As long

50 as the potentiometer resistante is very
high compared with R,. its presence will
have a very small effect on the frequency
for zero phase-shift.

Tigures 4 and 5. The potentiometer

55 resistance becomes a part of R, and so
will not affect the decade law.

TFigure 6. The same applies to this
network as in the network of Figures 4

Re R.C,
Ro+p+r RO +R,C

The ratio

1

n
=tan 0 (\/,_+ v mn + ——
"n v mn

and 5 provided that R, is small compared
with R,.

R, axp R, vamriep. Figure 3. The
potentiometer control is impracticable in
this network.

Figures 4 and 5. Effect is to add a
constant number of cyeles (small if 65
potentiometer resistance is large c.f.
R.,) to all the frequencies generated.

Figure 6. Same as 4 and 5 provided
that R, is small compared with R,.
COMPENSATION POR CHANGES OF AMPLIFIER 70

OurpurT IMPEDANCE DUE To CHANGES OF

VALVES OR OTHER CAUSES.

Referring to Figure 6, when p the out-
put impedance of the amplifier changes,
frequency for zero phase-shift is not 76
given by

1
Wi

T R,R.C,0,

unless R, is varied a proportional amount.
R, is in consequence made variable in
order to compensate for such changes. 80
Referring to Figure 7, a variable resist-
ance »r is introduced to compensate for
changes in amplifier output impedance p.
If p changes in value » can he varied so
as to bring the sum of p and » back to its 85
original value. A method of checking
whether the sum of p and » has in faet
been brought hack to its original value is
provided by the resistances R, and R,.
When these are switched in and out of 90
circuit together the frequency will nnt
change if the adjustment of # has heen
properly carried out.

defines the values of A, and R,
for use in networks of the type
Figure 5.
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Referring to Figure 8, the impedances
7. and Z, provide a means for checking
whether the adjustment of R, is correct.
If this adjustment is correct then throw-

YA R.C,
The ratio —=

Z, R,C,+R.C,

Quitable amplifiers are shown in Figures

10 9 and 10. Both are negative feed-back
amplifiers in which the feed-back con-
nettion is applied between the output of

—

ing the impedances Z, and Z, in and out 5
of the circuit will not alter the frequency
generated.

defines the values of Z, and Z,
for use in networks of the type
Figure 6.

the amplifier and cathode of the first
valve.

The gain may be made very nearly 15
equal to the feed-back ratios in each case.

Resistance 7 and Resistance 17

Resistance 7

Resistance 8 and Resistance 19

Figure 9. gain=
Figure 10. gain=

Phase-shift will be very small over a

90 wide range of frequencies.

A benefcial effect of this form of nega-
tive feed-back is to lower the output
impedance between terminals 1—2.

The amplifier of Figure 10 is better than

95 that of Figure 9 in this respect and can be
designed to have an output impedance of
about 40 ohms.

Control of regeneration is effected in
the case of Figure 9 by Resistance 17 and

30 in the case of Figure 10 by the potentio-
meter 12.

The valve 6 in Figures 9 and 10 may
be a pentode arranged to work on a point
of inflexion of its characteristic thus

35 reducing second harmonic - to negligible
proportions.

AvTrovaTic VoLuME CONTROL.

Advantage with regard to reduction of
harmonic and constancy of output voltage

40 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:

45 (1) An element exhibiting increase of
resistance when the voltage across it 1s
increased, such as an incandescent lamp.
This may be used for the resistance 7 1n

, Figure 9, and 8 in Figure 10. Then as

50 the amplitude increases the gain of
amplifier decreases, and vice versa.

tangent of phase angle of impedance of Figure 12

‘Resistance 8

(2) An element exhibiting falling resist-
ance as the voltage is increased. This
may be used for resistance 17 in Figure 9,
and 19 in Figure 10. Then as the ampli- 55
tude increases the gain of the amplifier
decreases and wvice versa.

(3) Either types of element may be used
in Figure 10. An element with a rising
characteristic being placed in the lead 20 60
or an element with a falling characteristic
being placed in lead 21.

(4) A form of a.v.c. as described in the
preceding portion.

REDUCTION oF AMPLIFIER PHASE-SHIFT AT 65
Hricuz FREQUENCIES.

With resistance coupled amplifiers the
chief cause of phase-shiff at high fre-
quencies is the presence of stray capacit-
ances 18 and 19 (Figure 9), 22 and 23 70
(Figure 10). With the addition of nega-
tive feed-back as shown the phase-shift
from this cause is reduced, also the phase-
shift due to 19 and 28 is reduced much
more than that due to 18 and 22. It follows 75
that a further considerable reduction of
phase-shift can be obtained if that due
to 18 and 22 is reduced.

This is the purpose of the induttance
15 (Figures 9 and 10). :

The effect can best be shown by refer-
ence to Figures 11 and 12.
thH in the network of Figure 10 I,,=C,R,*

en

80

85

=W?*C,

tangent of phase angle of impedance of Figure 11

Therefore at all frequencies for which
W2C, is less than 1 a reduction of phase-

inductance L, equal to C,R,*. 90
The same procedure can be applied to

shift is obtained by the insertion of the the anode circuit of valve 6.
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It will be found that for frequencies
above that given by W?°C,=1, the phase-
shift will increase much more rapidly
than if the inductance was not present.

TrIMMER COMPONENT FOR TAKING TP
VarisrroN 1¥ 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 allowable
there must necessarilv 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 to
correct for departures from the decade
law, and the range of frequencies for
which the actual frequency agrees with
the nominal can be extended.

This trimmer can be
(1) When frequency is varied by chang-
ing R, and R,, C, and C, remaining fixed.

(a) a variable condenser in parallel
with C,

(b) a variable condenser in parallel
with C,

(c) a combination of both.

(2) When frequency is varied by chang-
ing C, and C,, R, and R, remaining
fixed.

(a) a variable resistance in series
or parallel with R,
(b) a variable resistance in series
or parallel with R,
(c) a combination of both.
TEMPERATTURE COMPENSATION.
A similar separate trimming component

may be used to take up variations in
frequency due to changes in ambient tem-
perature.

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

Referring to Figure 13, which shows a
network of the type illustrated in Figure
5, arranged to vary the frequency by
varying the capacitative elements.

In this Figure the sets of condensers
shown correspond with the condensers C,,
and a similar arrangement of condensers
is employed for the condenser indicated in
Figure 5 as C,.

Each condenser is made up from sets of
fixed condensers connected in series and to
tapping points, whereby any number of
condenser elements of one set may be
connected to any number of condenser
elements of the next adjacent sef.

With values as shown the nominal fre-
quency can be varied from 0—I11,000
cycles/sec. in steps of 1 cycle/sec.

Reterring to Figure 13 which shows a
network as illustrated in Figure 6 fur-
nished with a plurality of fixed resistance
elements arranged to vary frequency
according to a decade law.

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

In this case R,=R, and C,=C,. R,
and R, consist of two similar 4-dial con-
ductance boxes ganged together and
C,=.01592 ;. F.

The values of the resistances are given
below. T

Rusistaxce Omis AND Swirca PosiTION.

Dial 0 1 2 3

With the values as shown the nominal
frequency can be varied from 0 to 11,110
e.p.s. in steps of 1 c.p.s.

While dial-type switching means may
generally be used in cccordance with the
invention push-button or other type of
switehing means may be employed more
advantageously in some cases.

Having now particularly described and
ascertained the nature of my said inven-
tion, and in what manner the same is to
be performed. T declare that what I claim

is:—
1. Thermionic valve oscillators or am-

plifiers of the type in which an amplifying ..

section (or sections) is (or are) coupled

100 back on itself (or themselves) via a net-

4 6 i 8§ 9 10

5
2000

x 1000 10000 5000 3333 2500 1667 1429 1250 1111 1000
x 100 Same values multplied by 10
x 10 s » ,, 100
x 1 »oo w1000

work (or networks) consisting of units of
resistance or capacitance and in which the
shift of phase between the voltages at the
input and output of the network (or net-
works) is dependent on the frequency of
that voltage, the phase-shift through the
amplifier section (or sections) together
with the phase-shift through the network
(or networks) being proportioned so that
the phase-shift round the complete am-
plified-network chain is zero at some fre-
quency within the band of frequencies
over which the gain of the amplifier is
high, and means for adjusting the gain
of the amplifier seetion (or sections) so
that the system as a whole oscillates at
this frequency (or with slightly less gain,

40

45

50

55

60

65

70

75

106

110

115
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acts as a.selective amplifier the sensitivity
of which is a maximum at this frequency},
characterised in this that the frequency
of oscillation (or selective amplification)

5 is adjustable in larger and smaller incre-
ments of frequency by means of a
plurality of switching means assoeiated
with a corresponding number of sets of
resistance or reactante elements and the

10 switch positions are marked in steps and
the circuit or resistance or reactance ele-
ments are such that the sum of the mark-
ings corresponding with the switeh posi-
tions of all the switching means is

15 proportional with the frequency developed
by the oscillator.

2. A thermionic valve oscillator or
amplifier as ¢laimed in Claim 1, in which
for producing a desired increment of

20 frequency there is provided means for
adding resistance in parallel with resist-
ances forming part of the phase-shifting
network (or networks).

3. A thermionic valve oscillator or

25 amplifier as claimed in Claim 1, in which
for producing a desired increment of
frequency there is provided means for
adding capacitances in series with capacit-
ances forming a part of the phase-shifting

80 network (or networksy.

4. A thermionic valve oscillator or
amplifier as claimed in Claim 1 or 2, com-
prising an amplifier section (or sections)
and the network (or networks) of Figure 6

35 in which the frequency generated is
subftantially proportional to the quantity

vR, R,

5. A thermionic valve oscillator or

emplifier as claimed in Claim 4, in which
40 the resistance R, of TFigure 6 is in the
form of an adjustable resistance.

6. A thermionic valve oscillator or
amplifier as claimed in any of the pre-
ceding claims in which a trimming com-

45 ponent is provided which may be or in-
clude a variable resistance or variable
capacitance for the purpose of compensat-
ing for differences between the frequency
developed and the frequency indicated.

50 7. A thermionic valve oscillator or
amplifier as claimed in Claim 6, in which
a trimming component is provided which
may be or include a variable resistance
or variable capacitance for the purpose of

§5 compensating for temperature effects.

8. A thermionic valve oscillator or
amplifier as claimed in Claim 3, employ-
ing the network of Figure 5 and provided
with means for compensating for changes

of output impedance of the amplifying 60

section consisting of a variable resistance

# in series with the resistance R,. :
9. A thermionic valve oscillator or

amplifier as claimed in Claim 3 but em-

ploying the network of Figure 7 provided 65

with means for checking the adjustment

of the compensating resistance » consisting

of a pair of resistantes which can be

thrown in and out of circuit in the posi-

tions R, and Rs, the values of the resist- 70

ances being given by the equation

R. R.C,
Rot+p+r R0, +R.0C,

10. A thermionic valve oscillator or
amplifier as claimed in Claims 2 and 5.
employing the network of Figure 6 in 76
which means are provided for checking
the adjustment of R,, consisting of a pair
of impedances z, and z, which can be
thrown in or out of circuit in the posi-
tions shown in Figure 8, the impedances 80
being related by the equation

2, R.C,
2y B RICI + RL‘.CZ

11. A thermionic valve oscillator or
amplifier as claimed in any of the preced-
ing claims in which is included in the 85
anode circuit of one or more of the am-
plifying valves an inductance of such
value as to increase the range of fre-

quencies over which the phase-shift
through the amplifying sections is 90
negligible.

12. A thermionic valve oscillator or
amplifier as claimed in any of the pre-
ceding claims, in which is provided a
form of automatic volume control. 95

13. A thermionic valve oscillator or
amplifier as claimed in any of the pre-
ceding claims, in which a potentiometer
is arranged across the output of the net-
work for effecting reaction control.

14. A thermionic valve os¢illator or

100

"amplifier as claimed in any of the pre-

ceding Claims, in which means is provided
for varying the negative feed-back to
secure reaction control.

15. Thermionic valve oscillators and
amplifiers as claimed in any of the pre-
ceding claims substantially as herein-
before described and as illustrated in and
by the accompanying drawings.

Dated this 29th day of January, 1940.

MARKS & CLERK.

105

110

Leamington Spa: Printed for His Majesty's Stationery Office, by the Courier Press.—1940.
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