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The present invention relates to thermionic 
valve circuits and is more particularly concerned 
With circuits which are adapted to suppress a 
portion of the input Waveform to give an output 
Waveform of trapezoidal shape. 

It is known that a recurring waveform contain 
ing equal positive and negative trapezoids con 
tains no even harmonics and a minimum of odd 
harmonics and it is an object of the present in 
vention to arrange for the generation of a trape 
Zoidal Wave in Which any given odd harmonic 
may be made negligible and if the given odd har 
monic is the third, then the remaining harmonics 
Will not exceed given percentage values. 

According to one feature of the invention the 
thernionic valve circuit is so arranged that for 
Varying amplitudes of the input waveform the 
amplitude and mean angular displacement of 
the Cutput trapezoidal waveform remains sub 
stantially constant. 
According to a further feature of the invention 

the thermionic valve circuit is so arranged that 
for varying amplitudes of the input waveform 
the mean angular displacement of the output 
trapezoidal waveform remains substantially con 
stant and dependent upon the circuit parameters 
to enable odd harmonics of any desired order to 
be suppressed from the output waveform by a 
Suitable choice of said parameters. 
According to another feature of the invention 

the thernionic valve circuit comprises a pair of 
Valves, in the grid circuits of which are provided 
a parallel connected condenser/resistance com 
bination, a Supply resistance, a source of biassing 
voltage and an input wave source, the thermionic . 
Valves being arranged to act as rectifiers and the 
Values of the components being so chosen that, 
for an input which causes grid current to flow the 
Cutput Waveforin is of substantially constant am 
plitude and of trapezoidal shape as determined 
by the voltage developed across the condenser 
and by the Voltage at which grid current flows 
and has a mean angular displacement dependent 
upon the ratio between the two resistances to 
enable mean angular displacement of the out 
put trapezoidal Waveform to remain substantial 
ly constant for varying amplitudes of the input. 

It is pointed out that the sloping sides of the 
trapezoidal waveform obtained according to the 
invention may Vary in inclination with variation. 
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of input level but they do so about a point whose 
amplitude is one half the output amplitude per 
half cycle and whose time or angular displace 
ment per half cycle is constant and of value de 
pendent on the order of the odd harmonic which 
is to be made negligible in the output. The trap 
ezoidal waveform is generated per half cycle of 
the input and in the same sense as the latter, 
so that the output consists of equal positive and 
negative trapezoidal waveforms and therefore 
contains no even harmonic components. 
The words “trapezoid' or “trapezoidal' as used 

in this specification are intended to cover quad 
rilateral figures with two parallel sides having 
the ends thereof equally inclined to the parallel 
sides but in opposite senses, the expression is, 
however, also intended to cover figures of a very 
similar shape such as where the end sides are 
formed of parts of a half sine Wave which parts 
are directly opposite to each other. 
The invention will be better understood from 

the following description taken in conjunction 
with the accompanying drawing in Which 

Fig. 1 shows a typical waveform which it is 
desired to produce, 

Fig. 2 shows certain waveforms necessary for 
an understanding of the invention, 

Fig. 3 shows the circuit for obtaining the de 
Sired Waveform, 

Fig. 4 shows certain Waveforms necessary for 
understanding the operation of the circuit and 

Fig. 5 shows the manner of Operation of the 
circuit With input, Waveforms of different fre 
quencies. 
It is well-known that a recurring Waveform 

consisting of equal positive and negative trape 
zoids whose constant amplitude portion extends 
over an angular displacement of H30' about the 
quarter cyclic time contains with respect to the 
fundamental no third harmonic, A35th of the fifth 
harmonic, 49th of the seventh harmonic and so 
en. Referring to Fig. 1 if pi and p2 are defined 
as being the angular displacements from the 
quarter cyclic time during which the waveform 
changes at a linear rate, then pl will be 90 and 
d;2 will be 30° for the continuous trapezoidal 
waveform. The mean angle p (from the quarter 
cycle) will be 60', when the Waveform has at 
tained one-half its maximum amplitude. It is 
also Well-known that a discontinuous rectangul 



lar wave whose constant output portion extends 
over --60 about the quarter cyclic time, also 
contains no third harmonic, 6th of the fifth har 
monic, Ath of the seventh harmonic, etc., with 
respect to the fundamental. This latter case 
may be attained from the former by keeping p 
(the mean angle) constant and decreasing pl 
to 60° and increasing b2 to 60° by equal incre 
ments, the intermediate waveforms being of the 
discontinuous trapezoid form. Hence the discon 
tinuous rectangular Waveform may be considered 
as a particular case of the trapezoidal form. 
The reason why the two extreme cases of the 

trapezoidal wave form given above contain no 
third harmonic is that the mean angle p is 60 (or 
T/3). This can be shown as follows: 
The mathematical method for determining the 

amplitude of a given harmonic in a Waveform 
consists of multiplying the expression for the 
Waveform by the expression for the desired har 
monic, integrating over 0 to 2nt (i. e. One cycle), 
and dividing by Tr. For the present types of 
waveform having constant amplitude portions, 
the physical application of this method is very 
quick for demonstrating whether a particular 
harmonic is present. In performing this method 
it is best to make the multiplying harmonic com 
mence in phase with the waveform. 
To demonstrate this method consider the dis 

continuous rectangular waveform shown in Fig. 
2, where b1=q2=qb=60°, and draw an in phase 
third harmonic waveform as shown. Then if the 
latter be multipled by the former, algebraically, 
and considering one-half cycle of the former, the 
first and last quarter cycles of the harmonic 
waveform contribute nothing, whilst the portion 
extending over the constant amplitude of the 
rectangular waveform results also in zero. Con 
sideration of the second half cycle of the dis 
continuous rectangular waveform will show that 
a similar result will be obtained. Hence there 
can be no third harmonic in such a waveform, 
when p=60 (or T/3). 
Now let the vertical sides of the waveform be 

inclined about the half maximum amplitude 
point, so that p1=90° and p2=30°, giving the 
continuous trapezoidal form. Then from inspec 
tion it will be seen that multiplying by the third 
harmonic will again give zero resultant per half 
cycle, and so no third harmonic is present. 
Similarly if the sides are inclined at any inter 
mediate angle such that 

gbi plus 82 
2 

is 60, again nothird harmonic is present. 
It will be noticed from the above that the 

criterion for the suppression of the given odd 
harmonic is that the mean angle shall represent 
an integral. of the harmonic period with respect 
to the fundamental period (i. e. T/3 for the third, 
ir/5 or 2/5 for the fifth, T/7, 2/7 or 5ur/7 for 
the seventh and so on). Hence making the mean 
angle equal to these quantities, with respect to 
the fundamental period, will ensure that these 
harmonics are respectively eliminated in the re 
Sulting waveform. 
As a regards the remaining harmonic per 

centages, these are best evaluated by the mathe 
matical method, but in the case where the mean 
angle is 60° it can be seen that the maximum 
fifth, seventh, and so on harmonics will be those 
in the discontinuous rectangular form, which are 
20%, 14.3% and so on respectively. 

It will thus be appreciated that if such discon 
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2,308,752 
tinuous trapezoidal waveforms are generated in . 
which the mean angle is kept Substantially con 
stant and this angle is given a particular value, a 
particular odd harmonic may be reduced to 
negligible proportions in the output. Further by 
providing means for adjusting the mean angle 
according to the waveform of the input any de 
sired harmonic may be suppressed in the output. 

Referring now to Fig. 3 a specific circuit ar 
rangement will be described. 
A full wave rectifying system is employed con 

sisting of an input transformer T-shaving a 
centre tapped secondary winding, the ends of the 
winding being connected via resistances r to the 
control grids of a pair of pentode thermionic 
valves W and W2. The cathodes are joined to 
gether over a potentiometer P, the tapping point 
of which is connected via a resistance Rc carry 
ing a biassing current to the negative. Supply 

The polarity of the bias is such as to 
raise the cathode to a positive potential with re 
spect to the negative busbar. The centre tap on 
the input transformer is taken via a resistance R 
shunted by a condenser C also to the negative 
busbar. It Will be assumed that the valves are 
so biassed that no anode current flows when no input is applied (although in practice a small 
anode current may be allowed to flow). The peak 
signal voltage between grid and negative busbar 
necessary just to cause grid current to flow Will 
be termed b volts and is substantially the same 
as the bias voltage on RC, and the change of out 
put current for voltages between 0 and b may be 
made closely linearby suitably choosing RC SO as 
to give negative feedback. The output trans 
former T2 is connected in pushpull fashion to 
the anodes of the valves and feeds a load resist 
ance L. It will be assumed that the change in 
anode currents for 0-b volts between each con 
trol grid and the negative busbar are equal. 
The following more detailed analysis of the ac 

tion of the circuit will be based on the full wave 
rectifying action of the grid/cathode paths, and 
it will be assumed as obvious that the production 
of an alternating output is due to the alternate 
action of the valves to each half cycle of the in 
put. Referring to Fig. 4, a rectified half cycle of 
a sinusoidal input is shown, of maximum value E. 
If the alternating input be large enough to cause 
grid current to flow, then when a steady state . . . 
condition is attained, a substantially steady volt 
age will appear on the condenser C (if the time 
constant CR is high compared with the peri 
odicity of the input). Such voltage is repre 
Sented by the line We, and the line above repre 
sents the operation voltage bof each valve (i. e. 
the voltage between grid and negative busbar just 
to produce grid current and hence a maximum 
change of anode current). The voltage b. should 
be regarded as a battery whose E. M. F. opposes 
the positive grid voltage from the transformer 
while using the grid/current path as a rectifier 
maintains the potential on the condenser. C. 
Since all that part of the input waveform lying 
Outside the two lines defined above is suppressed 
from the point of the output, the waveform of the 
latter will be as shown in thick lines for one-half 
cycle, 2nd is a close approximation to the de 
sired discontinuous trapezoidal form, the con 
denser Voltage, being maintained by the flow of 
grid current over the top 'cap' of the alternating 
input. - - - 

The quantity of electricity passing through r 
per half cycle, is the area. A of the shaded top 
cap divided by r. Hence the mean current per : 
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half cycle is A/Trr and must equal the steady di 
rect current through R, which is also defined by 
Vic/R. 
Hence 

A =E. Ve =F(Ecos 2-b) (1) 
But 
A=2 (E sin (p2-Vc-p2) = 2E (sin (p2-p2 CoS p2) 

- (2) 

Hence 

sin d2-p2 cosd2 r 
b 2R, 

cos d2- E. 

This equation defines b2 but is not in a con 
venient form for calculation; a better form is 

2-cos d2 (1 -2. (tan $2 -2) (3) 
From inspection it will be seen that when b/Ebe 
comes zero p2 is constant for given circuit values. 
This is termed the ultimate angle and only ob 
tains when the output waveform is of a dis 
continuous rectangular form. Assuming differ 
ent values of ultimate p2 which are known to 
produce no given odd harmonic, values for r/R. 
can be obtained. For a given ultimate p2 and 
hence a given value of r/R, taking various angles 
for d2 less than the ultimate will then give cor 
responding values of b/E, from which graphs 
may be drawn. 
AS regards b1, this can be derived from a 

knowledge of d2 and b/E as follows: 

Vc--b=E cos (b1-b=E cos gb2 
Hence 

cos (bi=cos (p2-b/E (4) 
Corresponding graphs for p1 and b/E may now 
be drawn, and it Will be found for instance when 
the ultimate angle is 60 that from about a 
value of 0.8 for b/E the mean angle p is sub 
stantially constant and equal to the ultimate 
angle. 
From the above it will be seen that the circuit 

gives a close approximation to the desired out 
put Waveform for all inputs exceeding b/0.8 and 
elimination or reduction of given odd harmonics 
may be obtained by alteration of the supply 
resistance r With respect to R, in a known man 
ner, by Substitution of the desired ultimate 
angle for p2 in equation 3 when b/E=0. 
A further advantage of the circuit is that it 

entails little loss of Sensitivity. Since it func 
tions Over the range of inputs greater than 
b/E=0.8 and the energy content of the output 
is constant whilst the fundamental only varies 
by 5% so that as a constant output device it is 
quite Satisfactory. 

If the input waveform is not sinusoidal but of 
known form, such as the isosceles triangular 
form, a similar method of attack will give the 
value of r/R, for given mean angles of the out 
put Waveform. In this connection it is inter 
esting to note that if r/R be 0.667 then the mean 
angle will be 60° and hence the output Will con 
tain no third harmonic. As the input Waveform 
contains 11.1% third harmonic, the circuit has 
acted as a filter so as to eliminate this harmonic 
and by mere alteration of the ratio r/R can 
eliminate any other given odd harmonic. This 
method could be supplied to any input wave 
form which has substantially linear rates of 
change over the selected portion which appears 
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in the output, and which does not show large 
re-entrant amplitudes. 
The isosceles triangular waveform input is 

one which is often met in practice, when signal 
ling over telephone lines with A. C. generators 
of the rotary type. With a linear type of re 
ceiver the presence of a large third harmonic 
in the input signal will adversely affect either 
the speech guarding or signalling actions, where 
as using the present type of circuit as a re 
ceived level compensating device, neither action 
will be impaired if adjusted to minimise the third 
harmonic. For instance if r/R is made 0.55, 
the output waveform will only contain a maxi 
num of some 5% third harmonic at high input 
levels, and With either sinusoidal or isosceles tri 
angular Waveform input. 
The above described ein bodiment therefore en 

ables trapezoidal waveforms to be generated 
from a given input according to its waveform 
with time and a calculated ratio between the 
supply resistance to a biassed full Wave rectifier 
and a resistance shunting a condenser in the 
output of the rectifier. It follows that the Sup 
ply resistance may be formed in part by that of 
the source of alternating voltage, although it is 
preferred to Swamp this by a much larger re 
sistance in practice, in order to have better 
control of the mean angle. It also follows that 
any electrical circuit functioning in a similar 
manner nay be used to generate Such Wave 
forms. 
The above described circuit has been assumed 

to be composed of perfect components and when 
commercial apparatus is used certain refine 
ments have to be employed in order to attain 
the desired mode of operation. The time con 
stant of the condenser C and its shunting re 
Sistance R, need not be such as to maintain a 
precisely steady Voltage, and up to some 20% 
ripple can be tolerated in practice. This is be 
cause Such ripple merely causes the grid cir 
cuit to conduct earlier on the positive change 
of input and to cease conducting earlier on the 
negative change of input by almost the same 
time or angular displacement in each case. 
Hence the output waveform is merely slightly 
advanced in phase with respect to the input 
waveform. As the ripple percentage is almost 
inversely proportional to the time constant C. R. 
this allows the latter to be about two C1 three 
times the periodic time of the input. (using full 
wave rectification). The build up and decay of 
the circuit may therefore be much faster than 
is normally associated with rectifier systems. 

In order that the mean angle of the output 
waveform may be the same on each half wave 
of the input when using commercial valves, it is 
desirable to use negative feedback, which may 
take the form of separate cathode resistances or 
a single common cathode resistance RC since the 
valves operate alternately. If the valves nor 
nally have short, grid bases, then this permits 
the effective grid base to be made much larger 
and more nearly constant for differing samples 
of Valves. As regards the maximum current out 
put (i. e. during the flow of grid current) this 
Will not be equalised to the same degree, but 
by using a low resistance potentiometer P con 
nected between the cathodes with the tap taken 
to the main cathode resistance Rc, the maxi 
num currents can be adjusted to be equal. Al 
ternatively slightly differing screen voltages on 
the valves will have the same effect. 

It should be noted that the static bias on the 
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valves must be such as to reduce static anode 
currents substantially to zero less than the maxi 
mum value when grid current flows, and this 
may be effected by feeding a direct current 
through the main common Cathode resistance 
from a high resistance Rs connected to the posi 
tive Supply busbar. Theoretical considerations 
presuppose that the anode current in One valve 
just starts to flow when the value of the alter 
nating current input is equal to the steady. 'COn 
denser voltage' WC in Fig. 4 and ceases when 
the value of the input is equal to Vc--b, that is 
the bias on the valve is such as just to produce 
no static anode current. In practice, however, 
some static anode current can be allowed with 
out Seriously altering the action of the circuit. 
The effect is to retard the alteration in the angle 
b1 as compared with b2 in the anode current 
output so that for the initial changes in the input 
level, the mean angle of the output rises slightly. 
above the calculated ultimate value, returning 
thereto at higher levels. It is found, however, 
that an initial deviation in the mean angle of 
Say, 5 can be tolerated. Without producing. Un 
manageable harmonic components, and that not 
more than this deviation is obtained. When the 
static anode current is not greater than 0.3 times 
the maximum anode current. This factor allows 
of considerablelatitude in the bias Conditions and 
therefore in the use of valves having widely dif 
ferent tolerances. 

It has been assumed in the above description 
that the resistance of the grid/cathode path is 
negligible when grid current is flowing, and that 
no change of output current takes place during 
this condition whatever the value of the applied 
voltage. In practice whilst the former may be 
made true by using a high value for r, the latter 
is not true, and with increasing input the anode 
current will show an increase during the passage 
of grid current, due to the non-linear resistance 
characteristic of the grid/cathode path. This 
undesirable effect may be reduced to negligible 
proportions at all working levels, by applying a 
portion of the voltage on the cathode resistance 
Rc to the suppressor grids of the valves as shown 
in Fig. 3. The suppressor grid/anode character 
istic is of similar type to that of the control 
grid/anode current, except that the slope de 
pends on the control grid voltage and tends to 
Wards Zero at OW suppressor biaSSes for control 
grid voltages below the grid current value. The 
voltage waveform produced on the cathode re 
sistance RC is similar to that normally produced 
in the anode circuit, and will remain unaltered in 
waveform and amplitude for a large range of 
suppressor grid biasses, because the total cath 
ode current remains constant. Hence if a por 
tion of this voltage is applied to the suppressor 
grids, the initial change of cathode current up 
to the grid current point will have little effect 
on the anode current change, but increasing 
grid/cathode voltage changes thereafter will 
have a more pronounced effect, owing to the in 
creased slope of the suppressor characteristic. 
As this voltage applied to the suppressor grids 
acts as a negative bias, the tendency for the 
anode current to rise during the flow of grid 
current, can be reduced to negligible proportions. 
The above method for obtaining a closer ap 

proximation to a flat top Waveform in the anode 
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known “knee' in the anode current/anode volt-, 
age characteristic of a pentode. This means that 
the output voltage of the circuit is restricted, as 
the “knee' voltage becomes larger as the control 
grid voltage is raised positively. Use may be 
made of this anode characteristic, however, in 
order to secure the correct flat topped waveform 
without resorting to the suppressor grid method, 
provided the anode load resistance can be sta 
bilised. If the value of the latter be made such 
that when drawn on the working anode cur 
rent/anode Voltage characteristic for a control 
grid voltage which just passes grid current, it 
intersects that characteristic at the "knee' volt 
age, then further increase of control grid/cathode 
Voltage cannot cause an increase in anode cura 
rent. Since the desired intersection is governed 
largely by the initial slope of the anode current 
characteristic and the slope of the load resist 
ance, and the former is not generally greater 
than one-fifth of the latter, it will be seen that 
large variations in the initial slope of the valve 
have only a reduced effect on the output voltage 
or current. Hence this method not only gives the 
desired waveform, but also a maximum of out 
put With Constancy as between differing Sam 
ples of the same type of valve. - . 
In the above description, it has been assumed 

that the input consists of one frequency of sinus 
oidal form, or a frequency having low order odd 
harmonics such as an isosceles triangular form. 
In certain cases where the arrangement may be 
used for reception of signalling frequencies at 
widely differing levels over telephone or tele 
graph lines, carrier telephone or telegraph chan 
nels and the like, it is desired to receive signals 
consisting of two frequencies of substantially 
equal amplitudes. The action of the invention 
to such an input will be somewhat different, but 
it will be shown that the output, although in 
ferior to the case of a single input frequency as 
regards low order harmonic products, can be. 
adjusted to be sufficiently good. 
An input consisting of the sum of two fre 

quencies of equal amplitudes can be regarded as 
the product of half the sum and half the differ 
ence frequencies. The latter can then be regarded 
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circuit with commercial valves, is suitable when . . 
the anode load resistance or impedance is of 
value such that no non-linear action occurs in 
the anode circuit, due for instance to the Well 75 

as modulating the former giving an envelope 
Variation as shown in Fig. 5. 2. 
The envelopes will of course recur at the peri 

odic time of the difference frequency. The mean 
frequency alterations on the negative side of the 
axis have been folded over as indicated by the 
dotted lines so as to represent the full wave recti 
fying action of the grid/cathode paths. It will 
be observed that nine half cycles have been taken, 
corresponding to the well-known case of fre 
quencies of 600 and 750 cycles per second and 
their configuration within the envelope is such 
that one half cycle occurs over the maximum am 
plitude of the envelope. Regarding the time con 
stant of the resistance R and the shunt condenser. 
C as being high compared to the difference fre 
Cuency (although this is not essential in practice, 
for the same reasons as applied to a single fre 
quency input), then the voltage generated on C 
Will be due to the caps of the positive and nega 
tive half waves of the mean frequency passed by 
the grid/cathode paths of the two valves. In the 
periodic time of the difference frequency, the 
amplitudes of the positive and negative half Waves 
of the mean frequency will vary sinusoidally from 
Zero to twice the amplitude of each input fre 
quency as shown in Fig. 5. The envelope of these 
mean frequency half waves can thus be regarded 
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as being suppressed, from the point of view of the 
Output, When its value is less than the condenser 
Voltage, effective in the Output as its value rises 
towards the grid current voltage of the valves, and 
Suppressed as it rises above the grid current Wolt 
age. Hence the envelope of the input Will be con 
verted into trapezoidal form, in the same manner 
aS for a single frequency, and the mean angle 
With respect to the envelope Will be determined by 
the ratio 

r 

R 
This ratio Will, however, be different from that 
which obtained for a single frequency for the same 
mean angle, because the condenser Voltage is Only 
maintained by the top caps of the mean frequency, 
instead of the top cap of the envelope. It may be 
Calculated, assuming different Configurations of 
the mean frequency within the envelope, by the 
Same method as before, and it is found that the 
configuration has little effect. The lines at 
heights of Wc and Wo--b are similar to those in 
Fig. 4, whilst the output half cycle Waveforms 
have been drawn in thick lines; it Will be under 
stood that each alternate half cycle (positive and 
negative) is delivered by each valve to the Output 
so that the latter is alternating in character. For 
the same ratio 

r 

R 
as was used for a single frequency, the Voltage WC 
will be smaller With respect to the maximum en 
velope amplitude, because the condenser voltage 
is now only maintained by the top caps of the 
mean frequency instead of the top cap of the en 
velope. Hence the envelope angles p1 and b2 Will 
be larger. 

It will thus be seen that the waveforn. Output 
with time will consist of groups of positive and 
negative half waves due to the mean frequency, 
the groups repeating themselves at the periodicity 
of the difference frequency. The half Waves at 
the mean frequency Will approximate to a discon 
tinuous trapezoidal form, Whose mean angle Will 
vary over one group according to the instanta 
neous value of the input and the condenser Volt 
age. 

Let the mean frequency be f1 and the modulat 
ing frequency f2 (i. e. these frequencies are half 
the sum and difference of the input frequencies). 
Then the input can be represented aS 

2 sin ficOS f2 
(neglecting the 2nt factor). ASSuming that only 
odd harmonics of each of these frequencies 
are produced in the output (this is not strictly 
true for the mean frequency) then the output 
consists of the following: two frequencies repre 
sented by fl-f2, and f1-f2 and therefore cor 
respond to the two input frequencies; on either 
side of these will befl--3f2, and fl-3f2; on either 
side of the latter will be fl--5f2, and fl-5f2 and 
so on. Then at around 3f1 We shall obtain the 
following: 3fl-tf2, 3fl-3f2, 3f15f2, etc., and 
at around 5fl: 5fl-tf2, 5fl-3f2, 5fl-5f2 and So 
on. Thusa, whole gamut of frequencies is possible 
ranging over the whole spectrum and Spaced at 
the difference frequency. 
Now since these alien frequencies are due to the 

product terms of the odd harmonics of fl and/or 
f2, then their magnitudes will be very Small ex 
cept when combined with f1 or f2. In other 
words the important combinations are filt:3f2. 

5f2, -7f2, etc.; 3fl-tf2; 5fl-tf2, etc. The Com 
binations of 3f1, 5f1 and so on With f2 are not con 
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trollable, since the magnitudes depend on the 
mean angles of the mean frequency half cycles 
Which may vary from One envelope to another if 
the input frequencies are not multiples of the dif 
ference frequency, but they occur so high in the 
frequency Spectrum as to be of negligible effect 
or can be Subsequently eliminated by a simple 
filter (such as a suitable condenser across a trans 
former, Which incidentally also helps the single 
frequency Case). The combinations of f1. With 
the odd harmonics of j2 are controllable, one at a 
time, by causing the angles of the envelope func 
tion (i. e. f2) to eliminate or reduce any given Odd 
harmonic in the same Way as for a single fre 
quency input. 
The method of calculating the angles of the 

envelope is essentially the same as employed 
before, in that the areas of the top caps of the 
mean frequency are Summated, but as it is SOme 
what lengthy will not be given in detail. It is 
found that r?tR, must be 0.175 for an envelope 
angle of 60, when 3f2 vanishes and also all com 
binations thereof. The nearest alien frequen 
cies are then fl-5f2, and hence their magnitude 
With respect to the desired frequencies will be 
nearly the same as the amplitude of 5f2, Which 
as shown before varies from 4% at low input 
levels (i. e. trapezoidal form) to 20% at high 
input levels (i. e. discontinuous rectangular 
form). Although on a strict comparative basis 
these figures may seem to compare badly with 
the "pure' input frequencies, it must be remem 
bered that circuits operating to a compound fre 
quency input must inevitably be designed to cope 
With the difference frequency products produced 
by the neceSSary rectification in Order to ener 
gise relays, Speech biassing circuits and the like. 
Hence the additional Small percentage alien fre 
quencies, Separated by at least twice the fre 
quency difference from the fundamentals, does 
not in practice affect a design which has already 
coped with the ordinary difference frequency 
products, Since the mean value of the whole may 
not be Substantially greater than that of the 
latter. 

If all the Cdd harmonic functions of the en 
Velope frequency could be eliminated, then all 
alien frequency products adjacent to the funda 
mentals Will disappear, as will also all products 
With the harmonics of the mean frequency. This 
Would leave fl-tf2 (the input frequencies), 
3flicf2, 5f 1-f2, etc. The latter could easily be 
reduced to negligible proportions by a simple 
filter, thus obtaining a virtually distortionless 
Output. To do this would mean that the en 
Velope of the output would have to be given an 
approximate sinusoidal formation which would 
necessitate modulating the output of the present 
device. Such modulation could be obtained 
from the input frequency difference, and applied 
to modulating grids (such as the suppressor 
grids) With a rough form of limiting action. 
The gain in distortionless reproduction would 
however be offset by the additional circuit com 
plication, but the principle might be justified in 
cases where relaxation of other properties of 
the circuit could be arranged. 

If in practice the input may consist of either 
Single or double frequencies, then a compromise 
value for r/R can be chosen which while giving 
reasonably Small harmonic products close to the 
input frequencies when two are employed, also 
gives Small odd harmonics of a Single frequency 
input. Such a value for r?tR is about 0.316, giv 
ing about 15% at frequencies adjacent to the in 
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put frequencies when two are employed, and 
about 10% third, 25% fifth, and 10% seventh on 
Single frequency inputs. - - - - - . . . . . . . . . 

. I claim: - . . . . . . 

l. A link circuit connecting an input circuit 
with an output circuit comprising a pair of space 
discharge devices having cathode grid and 
anodes, said devices connected in push pull rela 
tion, means for supplying an alternating current 
to the input circuit, means for Supplying a fixed 
potential to the grids of said devices, means hav 
ing a time constant for applying an additional 
potential to said grids dependent on the grid 
current flowing in the grid circuits, additional 
means for applying an instantaneous grid bias to 
the active control grid proportional to the grid 
current flowing in the circuit of the active grid, 
said grid potential applying means cooperating 
when properly proportioned to produce in said 
output, circuit a current having a particular 
trapezoidal wave form in which currents of a 
particular harmonic are Suppressed, 
.2. A link circuit between an input circuit hav 
ing alternating current flowing therein and an 
output circuit, a pair of space discharge devices 
in Said link connected in push pull relation and 
having grid, cathode and anode circuits, a fixed 
grid potential source in the grid circuits, said 
devices rendered alternately active by the alter 
nating current flowing in the input, a resistance 
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condenser combination in the grid circuits for ap 
plying additional potential to the grid of the 
active device, additional means for applying an 
instantaneous grid bias to the grid of the active 
device proportional to the current flowing in the 
grid circuit thereof, said last means and Said 
resistance condenser combination being so pro 
portional as to produce a current in the output 
circuit of a trapezoidal wave form having a par 
ticular amplitude and containing only certain 
harmonics. . . . wn. 
3. A link circuit such as claimed in claim 2 in 

which each space discharge device has an aux 
iliary electrode and in which the said grid po 
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tential applying means are proportional to each 
other and to the potentials on the auxiliary elec 
trode potential and the anode potential.-- 

4. A link circuit. Such as claimed in claim 2. 
wherein there is an impedance comprising the 
fixed grid potential Source, and means for Sup 
plying a potential to the anodes, together with . 
means connecting the plate potential to said im 
pedance in, such a manner as to minimize the 
effect of changes in the cathode current. 

5. A link circuit such as claimed in claim 2 
in which there is a cathode resistor in the grid 
circuits for supplying the fixed potential to the 
grid circuits, said resistor unbypassed and fur 
nishing an inverse feedback from the plate cir 
cuit to the grid circuit. 

6. A circuit including a pair of space discharge 
devices connected between an input circuit and 
an output circuit, each device having a cathode 
grid and anode and being connected in push pull 
relation in said circuit, the grid circuits of said 
devices including a common portion having an 
impedance therein supplying a fixed grid bias 
near cut off to each device, means for applying 
alternating current to the input circuit to render 
said devices alternately active, a resistance con 
denser combination in the common portion of 
said grid circuits and a resistance in each grid 
circuit in the individual portion, each resistance 
Soproportioned to the resistance condenser com 
bination as to control the grid potential on said: 
devices to cause current of a particular amplitude 
and of trapezoidal Wave form to be produced 
in the Output circuit, - -, - ...- - . . . . . . 

7. A circuit Such as claimed in claim 6 in which 
each device includes a suppressor and a screen 
grid, Said suppressor grids connected to an ad 
justable point on the impedance in said grid cir 
cuitS, and Said Screen grids connected to the 
Source of anode current supply, and in which 
said resistances are proportioned with the elec 
trode potentials to cause elimination of a par 
ticular harmonic in the output circuit. -- 

BERTRAMMORTON HADFIELD, . 


