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1

The present invention relates to thermionic
valve oscillation generators and is more particu-
larly concerned with generators capable of de-
livering power to an output impedance.

One of the objects of the present invention is
the provision of an oscillation generator employ-
ing 3 single thermionic valve both for the gen-
eration of oscillations and as a source of DPOWEr
of the oscillating frequency. A further object
of the invention is the provision of an oscillation
generator which will deliver a substantially con-
stant output voltage of sinusoidal form over a
wide range of values of the output load im-
pedance )

According to one feature of the invention, a
frequency selective transfer device is connected
between the anode ¢ircuit and the grid-cathode
circuit of a thermionic valve and the power out-~
put is taken from an impedance included in the
cathode lead.

According to a further feature of the invention,
a frequency selective transfer device is connected
between the anode circuit and the grid/cathode
circuit of a thermionic valve and means are pro-
vided for introducing 2 non-linear voltage regu-
lating action in the anode circuit of the valve,

The valve employed may be a triode but it is
preferred to use avalve of the tetrode or pentode
type, the non-linear characteristic of which may
provide ‘at least part of the non-linear voltage-
regulating action.

Alternatively or in addition the voltage=-regu=
lating action is provided by a non-linear network
connected in the anode circuit and acting as an
amplitude compressor or amplitude limiter. In
such & case it is advantageous that the valve
employed should be a pentode or g tetrode, since
any change in anode circuit impedance due to
the voltage regulating action will be substantially
without effect on the relationship between the
input voltage to the grid/cathode circuit.and
the current flowing in the cathode lead.

The invention will be better understood from
the following description taken in conjunction
with the accompanying . drawings;

Fig. 1 illustrates the invention diagrammati-
cally,

Figs. 2 and 3 show by way of example two alter-
native embodiments of the invention; and

Fig. 4 shows certain curves illustrating the
results obtained with. different values of the cir-
cuit parameters.

Referring first to Fig. 1, the valve VI combities
the functions of an oscillator and output valve.
The preferred type of valve shown is a pentode
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ol tetrode ‘and ‘the hormal direct current stpplies
are not shown; the currents i in the c¢athode, k.i
in the anode, and (1—%)i .in the screen electrode
heing the alternating componént magnitudes,
wiere % is the anode current-cathode current
ratio the value ‘of which is substantially constant
wheén ‘the valve-is operated over its substantially
linear ranges of voltage and current.. The valve
may be of the triode type, when there is Tio screen
clectrode and k becomes unity, but is not pre~
ferred since as mentioned above, it is desired
that the relationship between the cathode cur-
rent and the grid input voltage €2 shall be sub-
stantially unaffected by any changes in the anode
impedance, for instance those due to the ampli-
tude régulating. action. .

The output energy is taken from the eathode
circuit and is dissipated-in the load resistance L.
The alternating anode ‘voltage is developed by
the passage of k.i through the net anode circuit
impedance, Z, which is constituted by the shunt
circult comprising resistance R, amplitude regli-
lating device 4, and transfer dévice B. 'Orie form
for A is shown within the block and comprises 3
resistance S in series with back-to-back rectifiers
MR individually biased by voltagés V. The
transfer device B has a voltage transfer ratio M
at the desired frequeéncy of sscillation determined
primarily by the produiction of the ‘necessary
phase angle so that the output voltage ei is in
phase with the zrid input voltage é2.

Asstiming for the moment that the dotted cori=
nection F is cut and that a sinusoidal input volt-
age of maghitlidé e2 produces an in-phase _
sinusoidal outpiit voltage el at the desired fre-
quency, the necessary condition for self-pscilla-
tiont when F is completed is that el shall be equal
or greater than e2.  Now el==kiZ.M, and
e2=i(L4r), Wwhere r is the working grid volt-
age/¢athode cuirent mutdsl resistance of the
valve. More accurately, where u is the amplifi-
cation factor and Vs the output voltage,

Mes ‘
m—-vo—‘lUJ +r)

but for the purposes of the present invention the
cathode follower factor

B
' : rd1
will be neglected.
Hence for self oscillation:
L LyrZEM Kz (1)
There is thus an wupper limit to. the value of



{0ad resistance I, but, provided any lower value
continues to satisfy (1), there is no lower limit
other than that set by the incidence of the over-
Joad voltages and currents of the valve. The
practicable lower limit to L. may therefore be
assumed to be that which will give-the maximum
output energy for a given seb of operating con-
ditions for the valve, as in normal output stage
design.
pentode or tetrode, then, provided the anode cir-
cuit is suitably designed so that the anode volt-
age excursions are within the normal limits, the
design for power output in the cathode circuit
can proceed on the assumption that the valve is
o triode acting as a cathode follower. In these
circumstances a minimum value for L in terms
of r for maximum power output may be obtained,
which will form a useful reference point in sub-
sequent design; for it will be noted from (1)
that the upper limit to I, can be made higher
at will merely by inereasing the value of the
voltage gain M. .

As regards such a minimum value for I, it is
unlikely that the load resistance will be per-
mitted to fall below the known practical value
of 2.Ra, where Ra is the assumed linear anode
impedance. of the valve regarded as a triode;
Jower values will give a poorer conversion effi-
ciency from the .direct current supply without
any corresponding advantage in other respects.
Since r may be defined as Ra/u, where u is the
amplification factor of the valve regarded as a
triode, then the likely minimum value for L/7
is 2.Ra, w/Ra, i. e. 2.4 ~A more strict analysis
taking the power law characteristic of the valve
into account can be shown to give a value of

4
3"

The lowest value of p likely to be used is that
of the power output type of valve, and is ap-
proximately 6. Hence on these grounds the
likely minimum usable value for L/r will be,
say, 10. ) :

1t will be understood that changes in the load
impedance I, will cause changes in the cathode
current i and hence in the anode current k.i.
This will result in variations in the output volt-
age and the purpose of the amplitude regulating
device A is to reduce thess variations. Further
by - employing a non-linear network, smaller
variations of output voltage occur than if a
linear network is used. To this extent the non-
linear network may be termed an amplitude
compressor if it does not produce waveform,
distortion or an amplitude limiter if it does.
The voltage el is fed. into the input circuit of
the oscilation generator to maintain the valve
in g state of oscillation, the voltage limiting de-
vice A being adapted to limit equally both half-
waves of the alternating voltage applied thereto.
The limiting device will pass little or no cur-
rent until the voltage applied exceeds the value
of the bias voltage V at which time the imped-
ance falls to a low value to allow the flow of a
large amount of current. The maximum gen-
erated voltage, if the device is to operate per-
fectly, is dependent upon the polarizing voltage
V of the rectifiers or. in the event that a gas-
eous discharge device is employed, upon thel
flashing voltage of the tube. The polarizing
voltage for the rectifiers in Figure 115 provided
by a set of batteries and in Figures 2 and 3 by
a tap on potentiometer R which is adjusted so
‘that -the' potentiometer will- produce the same

Tn the case where Vi consists of &
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internal resistance regardless of which rectifier
is. conducting. If the device A operated per-
fectly, then above a certain value of k. the out-
put el would be constant and, provided Equa-
tion 1 were also always satisfied it is clear that
the load voltage regulation would be due solely
to the mutual grid resistance of VI; that is,
Vo/ed=L/(L+r), and the output voltage Vo
would fall as L is decreased. It is therefore
possible to improve this state of affairs by ar-
ranging that regulating device A is not perfect,
but has a rising output el with rising input k.4,
by causing it to have a regulation, or internal
resistance effect, of equal and opposite sign to
that produced by r. The internal resistance ef-

fect is produced by means of resistance S in

Figure 1, Si or the combination of S2, S3 and
R{ and R2 in Figure 2. In this manner, when-
ever the oscillator output is such that A is regu-
lating to maintain the voltage at the desired
value the feedback voltage to the valve Vi will
vary with increased load to thereby maintain
a constant output even while device A is oper-
ating and will eliminate to some extent the
heretofore described difficulties = encountered
wherever A is a perfect operating device.
Referring now to the specific embodiments
shown, by way of example, in Figs. 2 and 3,
Fig. 2 shows a form of the invention in corporat-
inga shunt connected tuned circuit as: the
transfer device. The anode resistance R of the
tetrode valve V2 corresponds to R in Fig. 1, but
is shunted by a choke La in order to utilise fully
the available direct current supply between the
positive and negative supply leads. The trans-
fer device is comprised by series resistance P
and shunt transformer TI whose. primary is
tuned to the desired frequency by condenser Ci,
the phase of the voltage applied to the grid of
V2 being determined by the poling of the con-
nections of the secondary winding, whilst the
overall M value can be adjusted by the trans-
former ratio. ‘The load resistance L is coupled
to the cathode connection via transformer T2
whilst series resistance r{ (which may be com-
prised in part by the resistance of the cathode
winding of 'T2) gives the normal grid bias volt-
age. The amplitude regulating device may be
either the neon tube N and series resistance Si
shown connected by dotted lines, or rectifiers
MR2, MR3 polarised by voltages V derived from
2 supply potentiometer RI and R2.- In the for-
mer case the. series resistance Si plus the dif-
ferential resistance of N form the controllable
regulation of the device adjusted to give a sub-
stantially constant output voltage for loads less
than about one-third the maximum resistance
sustaining oscillation, the striking voltage of the
tube corresponding to the bias voltages V. In
the second case series resistances S2, 83, are ar-
ranged in conjunction with the resistance S4
which comprises the bias voltage potentiometer
Ri and resistance R2 to give the same internal
resistance whether MR2 or MR3 be conducting,
and of value to give the above-mentioned con-
stant output. Condenser C2 serves to couple the
circuit to the anode of V2 whilst resistance Q
enables the bias voltages to appear. individually
on the respective rectifiers, and to be adjusted
by the tapping so that the regulating effecit!
takes place. over equal portions of the positive
and negative anode alternating waveforms. -’
- Tn the alternative arrangement shown in-Fig. -
3,-the main connections are essentially the same
as-for Fig. 2, the differences being in the forms
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of the devices A and B. The transfer device B
now consists of three or more resistance/capac-
1ty networks which produce a phase angle of 180°
at the desired oscillation frequency; four such
networks are shown, RC, RICI, R2C2, R3C3,
utilising the anode resistance R as part of the
first network. Condenser C4 couples the trans-
fer device to the grid of the pentode or tetrode
valve V3, the necessary grid bias being obtained
by cathode resistance r{ and passed to the grid
via resistance R4. The load I: is coupled ‘to the
cathode via transformer T3. The amplitude reg-
ulating device A may again consist of a neon
tube N and regulation resistances St as for Fig.
2, or of an alternative form of the rectifier cir-
cuit by connecting the c¢entre tap of the.choke
La to the positive supply lead whersby, rectiflers
MR4, MRS can he operated in a full wave cir-
cuit and biased by a common potential V de-
rived from the supply poientiometer R5, RS, the
resistive impedance looking into the tapping point
constituting the regulation resistance.

It will, of course, be understood that the in-
vention is not limited to the particular circuits
shown in Figs. 2 and 3 and in particular other
forms of amplitude regulating device may be
used, such as, for instance, the known. bridge
connected lamp resistor cireuits which do not
introduce appreciable waveform distortion. The
factors governing the design of circuits accord-
ing to the invention will now be discussed with
reference to Fig. 1 taking the typical waveform-
distorting amplitude regulating device. shown
within the rectangle A.

Assuming the linear resistance R includes any =

other linear resistance in the anode circuit (e, g.
the input impedance of B at the oscillation fre-
quency), then; when currents pass through S,
the voltage waveform .across R for a sinuscidal

current k. ¢ will have a discontinuity at an angu- *

lar displacement of ¢, and at =—a, r4a, 2r—a
and so on. Between the first two and last two
angles, the waveform will: consist of part:-of a
sinusoid of reduced amplitude (due to.the reduc-

tion of anode circuit impedance by the switching- 4/

in of the resistance S). The magnitude of the
reduction of the maximum amplitude:of the
waveform from the previous sinusoidal value may
therefore be denoted by the fraction ¢, where

'R
“R+S '
Fourier ‘analysis of the resulting anode voltage

waveform gives the following maximum ampli-
tudes for the various harmonic components:

in O
Fundamenta.l:R.zc.z'{l —c[l —?<§%ﬂ+a> _]} (2)
T -

c

: .y 2¢/sin da o sin 2a 4
Third ha,rmomc—R.k.z[gT(——& —I——~~—~—2 )] (8)

. X . 2c/sin-6a §in'da

Fifth harmomc—R.z.z[sw< g + 7 )] (4)
and so on. : )

If the transfer device B reduces-the harmonic
components to negligible proportions and im-
parts a voltage gain M at the oscillation fre-
quency, then, when the ecircuit is ¢scillating,

ie. e2=er
] . 2/sin 2¢q
g(L+1~)MRKz{1—c[1~;r< : +a>-!}
or : : : ‘
Ly MRy (5)

an
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70

6
where z represents the expression within the
brackets. Also when the anode current attaing
the value ki sin a, the voltage on R is just ‘equal
to the rectifier bias voltage V i. €. kiR sin g=V,
Hence ‘

WiR=—
Sin ¢

Further T e
Vo

f=

and hence substituting these values in (5) gives:
MV
sin a'(x)

(z)

Yo pn=

_Lir
sin-o

MRE

I, N
sma ™ where m= WD (7
Since ¢ must clearly lie between 0 and 90°
inclusive over the working range, then by as-
suming such values for @, and: taking specific
values for ¢ and m in turn, the corresponding
values -of L/r may be obtained from (5). Using
these in (7) gives the output voltage regulation
curves in terms-of L/r. The maximum L/ value
will be obtained when the amplitude regulating
device is just not functioning, i. e. when ¢ is 90°,
which makes the bracketed terms: in (5) unity
independent of the value of ¢. Since it has been
shown that the minimum usable value of L/r
is likely to be 19, then values of M.k.R/r less than
11 need not be considered; that is, m should be
taken less than 0.091. As regards ¢, its value
must lie between 1.and 0 inclusive; a value of 1

' inferring that resistance S is zero and that the

amplitude regulation is as drastic as possible,
whilst. a value of 0 infers that S is infinite and
that there is no amplitude regulation. Since the
cbject is to use of value 'of S which will give a
constant output voltage with changes in /7, con-
sideration of the equations shows that this 1s
only possible when sin 2¢ tends towards. 2q

radians. Under these conditions
1=—c¢(1—4mr.
%-{- 1=lzcl—4mra) (8)
and
Vo _Ljr.m :
MV~ @ (9
From these it follows that
Vo Lijrdr.c
MV

1—¢
Lir4+1—-2

so that if ¢ is made equal to 1—m, then Vo will
be independent of L/r and will be given by

o
MV

If this value of ¢ be taken, then the output volt-
age. curves against L/r will rapidly tend to a
constant value.  Some typical curves are shown
in Fig. 4 for L/r values between 1000 and 2 and
for three values of m at 0.1, 0.01 and 0.001; the
full line curves being for the correct value of c
(equal to 1-m), and the dashed curves being
for the ¢ value of 1. It is of course possible by
taking arbitrary value of ‘¢ less than 1—m- to
obtain a rising output voltage with changes in: L,

=1.272¢ (10)
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and viee-verss, but-generally speaking the equal-
ity will be used. : ’

It will be observed from Fig. 4 that the full
line curves show substantially constant output
for values of L/r less than about one-third of
the maximum value permissible for oscillation,
even over the wide range of m values taken, so
that provided the m value is fixed at a suffi-
ciently low value the actual range over 'which
constancy is obtainable (assuming that L/r=10
is the usable minimum) can be increased at will.
For instance, when m is 0.001, there is a constant
output range for L/r of from 300 to 10, or 30:1.
With a given setup the value of m will of course
vary with changes in r, i. e. with life changes in
the mutual resistance of the valve, but ¢ may be
restored by having the resistance S variable and
testing for an output voltage change with load
variations. The actual output voltage will then
be different but may be independently restored
to normal by adjusting the value of V. The net
result of these adjustments will be that the maxi-
mum permissible L/r value for just sustaining
oscillation will be différent, but this is of littie
importance if the maximum value used lies at or
below about one-third this value, i. e. on the
constant output range. An alternaiive method
for taking up .changes in r which does not affect

any other feature, is to make r artificially larger-

by means of a series cathode resistance in the
initial design and to vary this resistance accord-
jng to the changes in 7. The cathode bias résist-
ance rl in Figs. 2 and 3 can be used for this pur-
pose, since, except at the value of L giving maxi-
mum wabts output, the grid bias for a cathode
follower is not a critical matter.

With the type of amplitude regulating device
described above, the harmonie outpus of the oseil-
jator depends largely on the efficacy with which
the frequency selective circuit disposes of such
harmonics as are generated. In the present oscil-
lator the harmonic percentage will vary with the
load L, and by taking the ratio of Equations 3
or 4 with 2 an estimate of the general har-
monie with changes in @ may be obtained. Tak-
ing the third harmonic as a typical example:

Third harmonic ratio=
2¢/sin 4a , sin 2a
3z T2 )

()
o\ . 2

For the case when sin 4 tends to 4o radians,
i. e. over the constant output range before-men-
tioned, this expression becomes,

Third harmonie ratio (4a¢ small) =
1 (1)
3 (1 +(1—c)7r)

4c-a

(11)

(12)

This agrees with the well-known fraction of 0.333
when the waveform becomes rectilinear, i. e. for
¢=1, but it is of interest to note that when c
is not 1 as in the present case, then the ultimate
harmonic ratio is not 0.333 but zero. IHence over
the desired range of L/r values the harmonic
ratio will have a maximum value and will tend
to zero as L/r tends either to the maximum sus-
taining oscillation or to zero. Furthermore this
will be the case for any -order of harmonie, so
that the harmonic curves shown dotted in Fig..4
for the third may be taken as representative of
the tendency, although the higher orders will, of
course, have lower maxima. : B
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Whilst these generated harmonic ratios may
appear large it should be noted that the deriva-
tion is quite general and applies equally well to
all oscillators using the above form of amplitude
regulating device, whether intentional or other-
wise. For instance, if the oscillator cireuit has
fixed parameters (i. e. I fixed) the design must
be based on a margin of say 6 db if oscillation
is to be consistently ensured. This means for
instance that the design figure for L. as a fixed
valué must be one half that which will just sus-
tain oscillation, i. e. L/ is one half its maximum
value. Reference to Fig. 4 will show that the
third harmonic then generated is about 27%
which is not significantly different from- the
maximum of the circuit according to the inven-
tion of 33% from the point of view of designing
the frequency selective circuit for adequate sup-
pression in the output. A resonant circuit of Q
value equal to 50 (Fig. 2) will give at least 40 db
suppression of the third harmonic, so ‘that the
maximum output third harmonic of the circuit
according to the invention may attain a value of
0.33% as compared to 0.27% for a conventional
fixed parameter circuit. Harmonic generation
in the remaining portions of the circuit is. re-
duced to a minimum with the present invention,
even when the minimum load ratio L/r=10 is
used and the watts output is the maximum pos-
sible for the valve working as a triode. For with
this ratic the distortion due to the non-linear
valve charaecteristics is reduced by the cathode
follower action to the degree of 21 db feedback.

The oscillator may be used as a source of al-
ternating energy of constant or variable fre-
quency, and has particular application to the
provision of signhal tones for transmission over
communication circuits to effect the operation of
selective receiving devices, since it may be made
to feed many such -circuits at a time without
significant change in transmitted signal level,
and is of compact and economic form for mount-
ing as common equipment in telephone exchanges
and the like,

I claim:

i. An oscillation generator comprising a therm-
ionic valve having a cathode, a cathode lead
connecting the cathode to ground, an input cir-
cuit, and an anode circuit, a frequency selec-
tive transfer device comprising a series resistance,
s transformer and a condenser coupling said
anode and input circuits, one of the windings
of said transformer tuned to a desired frequency
by means of said condenser, an element in said
cathode to ground lead, a load impedance- in-
ductively coupled to said element, whereby a con-
stant voltage is supplied to said load impedance
over a wide range of values of the impedance.

2. An oscillation generator as claimed in claim
1 in which said thermionic valve is of the type
which has non-linear characteristics, and hav-
ing an amplitude regulating device comprising
a non-linear network for introducing a non- lin-
ear regulating action in said anode circuit, . to

5 thereby act as an amplitude limiter or an ampli-

tude compressor.

3. An oscillation generator comprising a therm-
jonic tube having an anode, a grid (and a cath-
ode circuit, an element in said cathode circuit, an -
output circuit coupled to the cathode circuit
across said element, positive and negative sup-
ply leads, a non-linear regulating device compris-
ing a full wave rectifier arrangement and-a D04
tentiometer connected across said supply lines,
said rectifier arrangement connected between
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points on said potentiometer and said positive
lead, and a transfer device comprising a series
resistance, a shunt transformer, and a condenser
connected between said grid, anode and regulat-
ing device, one of the windings of said trans-
former tuned to a desired frequency by means
of said condenser, in which the interna} resist-
ance of said non-linear device is effective to pro-
vide a substantially constant output in said out-
put circuit for values of said load impedance less
than approximately one-third the maximum
value of impedance which sustains oseillation
of the generator,

4. An oscillation generator comprising a therm-
ionic tube having a grid cathode cirecuit and a
cathode ancde circuit, a non-linear voltage regu-
lating circuit including an amplitude regulating
device and a voltage transfer device connected
in said cathode anode circuit coupling said first
two circuits, said transfer device comprising a
series resistance, a shunt transformer and a con-
denser, one of the windings of said transformer
being tuned to a desired freguency by means
of said condenser connected in parallel with said
one winding, a lead common to and connected in
both of said first two circuits, an element in-
cluded in said lead, and an output voltage de-
rived from said element to maintain the load
voltage constant in spite of load circuit varia-
tions.

5. An oscillation generator comprising a therm-
ionic valve having a cathode lead, an impedance
connected in said cathode lead, an input circuit
for said valve which is arranged to work with a
signal cireuit of high impedance, an anode eir-
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cuit for said valve, a series resistance in said
anode circuit, an amplitude regulating device
connected in shunt of said series anode resist-
ance comprising a series resistance and a neon
bulb, a frequency selective transfer device and
said amplitude regulating device arranged to cou-
ple said anode circuit to said input eircuit, and
an output circuit for said valve connected across
said cathode impedance which is arranged to
work with circuits of low impedance, whereby the
oscillator generator is effective to couple circuits
of high and low impedance.
BERTRAM MORTON HADFIELD.
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