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This invention relates to electric
rangements and ig barticularly concerned with
he provision of means for reducing the effect
of unwanted capacity or reactance, Introduceq
by circuit elements, such as, for example, electric
batteries, the inherent capacity and
of electric resistances and the inherent capacity
of inductance coils.
particularly, put not

circuit ar-

The invention relates more

tween the anode of one valve and the control
grid of the other, the stray capacity of the pat-
tery to earth Or chassis may result in g relative
attenuation of the higher frequencies of the sig-
hals to be amplified. Similarly, when a thermi-
onic valve hag g load impedance arranged in itg
cathode circuit, the stray capacity of the cathode-
heating battery, or other source, to the chassis

Furthermore, the stray
capacities may broduce other harmful effects,
such as undesired phase shiftg,

It has already been Proposed, in order to avoid
the effects of the capacity to earth of a coupling
battery, to connect the poles of the battery to
the two points to be coupled, respectively, through
resistances, the ends of these resistances re-
mote from the battery being connected together
through 5 condenser, Such an arrangement is,
howevsr, of restricted application, since in prac-
tice there ig often a limit to the maximum value
which the resistances ean have, angd hence to the
amount of reductign of effective stray capacity
which they brovide; thus, for €xample, it may
happen in g D. C. amplifier that grig current
flows during operation at peak signal amplitudes,
and if the resistances are 0o large, there may be
sericus amplitude distortion, Also in bractice, if
the resistances used to hold off the capacity are
made very large, undesirable
teristics are obtained. wor €Xample, g, thermionie
valve may ordinarily have
anode and grid of many megohms, but an ocea-
sicnal valve may have an insulation resistance
of only g few megohms. If resistances of the
order of megohms Or even g tenth
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The reduction of the effects of stray capacity
which

introducing the disadvantages referred to above,

The effects of stray Capacity, for example, are
also observed in resistance-coupled circuits such,
which g, thermionic valve has in
a resistance which constitutes its
1 If the valve is one which is required to
dissipate considerable bower, the load resistance

frequencies. Furthermore, such stray
reactances may produce other harmful effects,
such as undesired bhase shifts,

It is 5 further object of the Present invention
to provide hovel or improveq means for reducing
the effects of unwanted
electric cireuit arrangements by circuit elements
such, for eéxample, ag resistances ang Inductance
i With the previously Proposed arrange-
ment, since the Tresistances are often required to
be of high value ang to Dass substantia] Current,
there then ig a large issipation of bower ang
loss of potential in the resistances, and conse-
quently the known arrangement fop
boses is again impracticahle,

quired to deliver bower.

One feature of the invention consists in a cir-
cuit arrangement which includeg an element (or
elements) which introduces undesireq stray ca-

such pur-
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pacity cr veactance and in which for the purpose
of substantially eliminating the effect of the stray
capacity or reactance, puilding-out means are
provided which, together with sald element (or
elements) cause the circuit, as & result of a com-
pination of inductance and resistance, to simulate
substantially a pure constant resistance.

Another feature of the invention consists in
a circuit arrangement comprising & circuit ele-
ment which, in cperation, is required to carry
relatively large currents, wherein, for the purpose
of reducing the effects of the inherent shunt ca-
pacity of said element, there are provided in
series with said element with respect to a source
of power, building-out means comprising & resist-
ance and an inductance coil in shunt with one
another, said resistance being one rated to carry
carried, in operation, by
gaid element, and wherein said puilding-out
means are sO constituted and arranged thab, to-
gether with said circuit element, they simulate
substantially a pure resistance.

The invention further provides & circuit ar-
rangement comprising a circuit element which is
required to have negligible inductance and which,
in operation is required to carry velatively large
currents, wherein for the purpose of reducing the
effects of the inherent inductance effectively in
series with said element, there are provided in
shunt with said element with respect to a source
of power, puilding-out means comprising a resist-
ance and & condenser in series with one another,
said resistance being one rated to carry less cur-
rent than that carried, in operation, in said ele-
ment, and wherein said puilding-out means are
so constituted and arranged that, together with
said circuit element, they simulate substantially
a pure resistance shunted by the self-capacity of
said element.

The circuit element may be 2 resistance, in
which case the resistance selected to form part
of the puilding-out means is one having & rela-
tively small power-dissipation rating; the power-
dissipation rating of a resistance decreases as its
power to carry current without overheating de-
creases. In this way, the inherent capacity and
inductance of the building-~out resistance can be
made negligibly small compared to that of the
resistance constituting the circuit  element.

A further feature consists in a circuit arrange-
ment comprising & circuit element which has
stray capacity to earth, said element being con-
nected between two points in said circuit between
which, in operation, a potential difference is re-
quired to be established, wherein petween each of
said points and said element respectively there
ig provided a resistance of a magnitude such that
the effects of said stray capacity are to some
extent reduced, and wherein a path which permits
the passage of alternating current is provided
petween the ends of said resistances remote from
said circuit element, characterized in that, for
the vpurpose of substantially eliminating effects
of said stray capacity, the cireuit is provided with
building-out means such that the circuit simu-
lates substantially a pure constant resistance.
A still further feature of the invention consists
in a circuit arrangement comprising & circuit ele-
ment which is associated in series with a first
conductor and has stray capacity to 2 second
conductor, wherein, in order to reduce 0T elimi-
pate the effect of said stray capacity, an induct-
ance-coil is provided between each of the termi-
nals of said circuit element and the points of
connection of said element to said first conductor,

ing paragraph may,
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the two coils being coupled to one another by
mutual inductance and wherein there are pro-
vided damping means for substantially reducing’
or eliminating the effects of resonances within a
predetermined working range due to said colls
and the said stray capacity.

The first conductor referred to in the preced-
for example, be the lead be-
tween. the anode of & thermionic yalve and the
control grid of & further valve, OF it may be the
filament of & valve. The second conductor may,
for example, be the chagsis of an amplifier, or
any other part of the circuit arrangement the
potential of which does not vary substantially
in operation; the seeond conductor may be con-
nected to earth. :

The circuit element referred 10
mentioned feature may be one which is required,
in operation, to deliver power; in this case, the
arrangement according to the invention provides
the advantage that the inductance coils which are
-employed to «“hold off” the stray capacity of the
circuit element may be arranged o catise only @
relatively small drop of potential.

The damping means may comprise &
arranged in shunt with
the stray capacity, or two resistances arranged i
shunt with one 0¥ both of the coils and with the
stray capacity respectively; where two resistances
are employed, the arrangement may e made such
that these vesistances Tform with the coils and the
stray capacity a combosite circuit which simulates
substantially a pure resistance. This composite
circuit may form the whole or a part of the load
impedance of & thermionic valve.

A coupling condenser may be connected he~
tween the ends of the coils remote from the cir-
cuit element the coupling condenser tending to
by-pass the coils and the circuit element for cur-
rents at frequenciesin the uippet part of the work~
ing range. Means may-he provided for reducing
or eliminating the effects of resonances hetween
the coils and the coupling condenser. .

oses of this specification, the term
pe accorded the meaning usually
attributed to it in the radio and altied arts; .
the expression «having stray capacity to earth”
covers not only cases in which the circuit element
physical earth, but also
cases in which the circuit grrangement is isolated
from earth and is built up on a chassis or like
structure to which the circuit element has con-
siderahle capacity.

Various embodiments of the
described, by way of example, with reference to
the gccompanying drawings in which:—

g, 1 illustrates & typical circuit to which the
jnvention may be applied.

Tigs. 2 and 3 {llustrate the application of the
invention to the substantial elimination of the
effects of the stray capacity of a battery serving
to bias:the anode of a cathode ray tube of the
transmitting type as shown in Fig. L.

Figs. 4 and 5 show diagrammatically D. C.
amplifiers sccording to the invention.

Fig. 6 {llustrates the application of the inven-
tion to reducing the effects of the gelf-capacity
of the anode Joad resistance of a thermionic
valve.

Tig. 7 shows & modification of the arrangement
of Fig. 6 in which the anode Joad comprises &
choke coil. .

Pig. 8 illustrates a further embodiment of the
jinvention, as applied to the reduction of the self-
capacity of a resistance.

resisténce

“earth” is to

invention will be

one of the coils or with-
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" Fig. 9 illustrates the application ‘of the inven-
tion to the reduction of the inherent series in-
ductance of g resistance.

Fig. 10 shows 3 part of a D. C. coupled ampli-
fier according to the invention.

Fig, 11 llustrates the application of the in-
vention to g modulator which is required to work
over a wide range of frequency down to zero fre-
quency.

Fig. 12 shows g circuit arrangement according
to the invention in which means are brovided for
reducing the effects of stray capacity due to a
source of cathode heating current,

Fig. 13 shows g modification of the arrange-
ment of Fig. 12 in which provision ig made for
the supply of bias potential to the control elec-
trode of 2 subsequent, valve, and Fig, 14 shows g
modiflcation of the arrangement of Fig, 13,

Referring to Fig. 1, the battery T serves for

& cathode ray transmitting tube 2 of the so-called
double sided mosaic type. The signal plate 2
carries a large number of conducting mosaic ele-
ments insulated therefrom, ang from one another,
each element having an €xposed conducting sur-
face on each side of the plate 2. The exposed
surfaces if the elements on the left of the plate 2
are rendered photo-electrically active, an image
of the object to be transmitted ig cast upon the
photo-electric mosaic surface thus formed and
photoelectrong emitted by the mosaic surface are
collected by the electrode i

The
surfaces of the mosaic elements on the right of
i by an electron beam
from an electron gun (not shown) . The elements
are thereby consecutively caused to return to a
datum potential and currents representative of
the light angd shade of the image to be trans-
resistance 4 which is
connected between the signal plate 2 and earth.
Potential differences are thus set up between the
point 5 and earth and may be fed by means of
lead 6 to the input of an amplifier,

It is desired to apply a difference of potential
between electrode { ang the signal plate 2; if
were directly connected between elec-

The battery 7 is accordingly connected between
electrode { and point & through two series re-
sistances 9, I8 of high value, g by-pass condenser
Il of a capacity which ig large compared with the
capacity 8 being i
electrode 1. The effective impedance
across load resistance 4 is then the resultant of
capacity 8 in serieg with the two resistances 9,
10 in parallel. By making Tesistances 9, 18
of sufficiently high value, for €xample one or two
megohms each it ig sametimes pessible to arrangs
that this effective shunt impedance has a neg-
ligible effect on the frequency characteristic of
the tube 3 ang its associated circuits over the
range of frequencies to be handied.

In some cases, however, the shunt impedance
may still cause an undesirable amount of at-
tenuation of the highest frequencies, and it may
be inconvenient to compensate for this by increas-

3
10, for the following reason;
the photo-electrie current
between signal blate 2 and electrode f is through
the circuit 8,1, 18, ang the higher resistances 9
and {3 are made, the larger is the voltage drop
across them; to compensate for this, the voltage
of battery T must ke increased, and an increase in
the magnitude of stray capacity 8 may result,

Ing resistances 9 and
the return path for

For
€xample, with the arrangement shown in Pig. 1,
if the resistances 8, 19, are made unduly large,
for €Xample, one or two megohms as stated above,
any leakage in ths tube may alter the voltage
applied to the ancde I, ang furthermore, the
vhoto-currents Wil produce unnecessary fluctua-
tions in the voltage on the electrodes. Therefore,
the degree by which the effects of the
bacity 8 are reduceq by the use of resistances such
as 9 angd {9, is limited.
According +to the invention, therefore, the
residual shunt impedance i built out so that the

whole circuit, including the shunt impedance, -

behaves as a pure constant resistance equal to
R, where R is the magnitude of load resistance 4.
If each of the Tesistances 9, {9 hag a magnitude
2r and if the capacity 8 has a value C, then the
effective shunt impedance is the resultant of g
resistance r in series with g capacity Q.

Now if an Inductance coil (2 shunted by g

correct the effective impedance of the load for
the effect of capacity C. The shunt resistance 7
may be considered ag made up of two barts, one
equal to R, and the other equal to (r—R). The
required inductance for coil 12 ig then the in-
verse of C and (r—R) about the resistance R. In
Fig. 2, the inductance cei] 2 has a magnitude
L, and is shunteq by a resistance | 3 of magnitude
’, load resistance 4 having the magnitude R g3
before; 7’ is made equal to

w2
—R
and L is made equa] to CR2.
impedance between the point
circuit shown in Fig. 2 and earth is a pure resist-
ance equal to R.

The load circuit 4, 12, 13 of Fig. 2 may be re-
placed by an equivalent cireyit such as that
shown in Fig, 8 withous
of the invention; the arrangement of Fig, 3 can
be made an exact equivalent of that of Fig. 2,
In this case the value of the inductance wil have
the value 7, ang the value of the other resistance
will be

In this example, the

Rr
]

S

Fig. 4 shows g circuit similar to that of Fig, 2,

shunt ca--

departing from the spirit
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but used to brovide a direct coupling between .

two valves 14, i3, of 5 direct-coupled amplifisr,
In Fig, 4, the battery 1 (which may, if desired, be
replaced by any other suitabile source of poten-
tial, such as a rectifier), serves to maintain the
potential of the grid 1§ of valve {5 at a suitahbie
value with respect to the anode iT of valve {3,
and resistances 8, 19 are brovided to “hold off”
the stray capacity, represented by condenser g,
of the battery to earth; the anode resistance 4
of valve {4 has in serles with it an inductance
coil 12 and resistance 3 in baraliel, these ele-
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cireuit is required to have above the Predeter-
mined frequency referred to, The effects of the
stray capacity 5 (the magnitude of which will be
referred to ag C) are then reduced by shunting
coil 9 by 5 resistance 19 of magnitude R, ang
connecting in serieg with the coil 9 between the
anode of valve | and the positive terminal of the

have self-capacities which are Small compared
with that of coi] 9; the self-capacity of resistance
0 may he regarded as forming g bart of con-
denser 5. Ag in the arrangement of Fig. 6, the
mmagnitude of Tesistances 6 ang {0 may he modi-
fied slightly to take into accoung the losses of
coils T and g respectively, while resistance (g
may be reduced slightly in value to take account
of the serieg resistance of coj] 1. Coil T may be
air-cored, or may have a core of comminuted
magnetic materia],

In Fig. 8 the valve 11 operaies with
impedance ang its filament ig fed with alternating

winding 2 to the core, ang thus to
chassis, is “held off” (or Drevented from having
an undesirable effect) in the Mmanner describeq
by means of the coupleq choke cojlg

earth or

R is the valye of each
and {8, and the arrangement

of coils 14, 15 ang of resistance {6
tively small, and if the parallel-aiding inductance
of the coils 14, 15 has the value bostulated, the
effects of the stray capacity of resistance
well as of the stray capacity of winding
earth or other earthed conductors, are eliminatedq
or much reduced, 1t will be noted that resistance
16 has only to carry high frequency current, and
can therefore pe made of low current-carrying
capacity.

In Fig. 9 in which parts which are common to
Fig. 6 have the Same references, the anode load
Tesistance 4 of valve { has an inherent serieg in-
ductance, shown dotted at 20, of agnitude I,
as well gs self-capacity shown dotted at 5. To
reduce the tendency of the effective anode load to
increase with increase of frequency, resistance 4
is shunted by resistance 21 in series with g
condenser 22 of magnitude Ci. Resistances 4 and

53
21 are given the same magnitude, R, and it is
arranged that ¢y ig sucn that the relationship
L
[t

is Substantially satisfied. Then, if resistances 4
and 21 have no Substantia] effective shunt capac-
ity, and if resistance 21 and condenser 22 are
Substantially non-inductive, the elements 4, 20,
2{ and 22 are effectively g constant resistance
equal to R. The capacity 5 shunting thig re-
sistance is then compensated by the elements §
and T in the manner of Fig, 1, the anode circuit
load of valve I is effectively g bure
equal to R.

The self-capacity of resistance 4, which is in-
dicated nhy 5, can be built out as shown in the
manner described with reference to Fig, 6.

Referring now to Fig, 10, the arrangement
shown Mustrates a i i
ing to the invention
fying valves 23 and
at earth potentia]l,

The two valves are coupled
by a floating battery i

27, or other

pled to one another by mutual inductance; the
resistance 34 represents the resistance of battery
27 and the inherent resistances of chokes 28 ang
29, together with any resistance which may be
added in order, as €xplained more fully below, to
give resistance 34 a convenient valye, The ends
of chokes 28 and 29 remote from battery 271 are
connected together through a coupling condenser
36; for the moment, it will pe assumed that resigt-

choke 28 ig connected through g resistance 32 to
the positive terminal of g source B of anode cyr-
rent, the Negative terming] of which ig earthed.

The chokeg 28, 29 are breferably woung side
by side on the same form 50 as to constitute, in

may also be achieved in other ways, for example
i two chokes on & common core of
magnetic materia]. The chokes 28, 29 serve ef-
fectively to isolate the battery 27 ifrom the re-
mainder of the circuit at the higher frequencies
to be handled, 80 that attenuation or the higher
frequencies due to the stray capacity 31 is re-
duced. It will be noted that, in operation, there
is a difference of potentigl between
chokes

by the battery 27,

The arrangement as so far describeq has the
disadvantage that, as the circuit ig required to
handie very high frequ-encies, i

Ac-
cording to the Present invention, therefore,
damping means are associated with the chokes, or
with the stray capacities or with both in order
to damp out such resonances, In Fig. 10, resist-
ance 32 serveg effectively as 3 damping Tesistance
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in shunt with choke 28 may also serve a damp-
ing function. BY 2 suitable choice of the values
of the damping resistances, it can be arranged
that the impedance of the coupling circuit as &
whole, within a desired working range of fre-
quency, does not vary by more than about +=20%
due to resonances between fthe chokes and the
stray cireuit capacities.

In a preferred arrangement, however, the cou-
pling circuit is made to simulate a pure resist-
ance, or & purely resistive network; thus, if the
capacity 31 is equal to C, and the resistances 30
and 32 are both of the same magnitude R, then
the parallel aiding inductance L of chokes 28,
28 is made such that the relationship IL=CR? is
substantially satisfied; in these circumstances,
assuming the two chokes to be coupled as tightly
as possible, sO that the series impedance intro-
duced thereby is negligible, the whole coupling
cireuit simulates a pure resistance of magnitude
R, this pure resistance constituting the anode
1oad of valve 23. If desired, this valve may have
a separate load resistance 33, shown dotted, and
resistance 32 may then if desired be taken to
earth instead of to the positive terminal of the
ancde current source. By taking resistance 32 to
the positive terminal of the source, however, loss
of current is avoided.

The coupling between chokes 28 and 29 need
not be so tight as that effected by winding the
chokes in a bifilar manner, or on a common mag-
netic core; in the case in which the coupling is
looser than this, it is preferably arranged that
the mutual inductance between the chokes 28, 29
is substantially equal to the inductance of coil
28, that is, the coil which is shunted by a damp-
ing resistance.

1f the chokes 28, 99 are air-cored and are re-
quired to be of large inductance, the length of
wire in each choke 28, 28 may be such that at
some frequency within the working range, 2 reso-
nance occurs petween the coil and its distributed
self-capacity, the resonance usually occurring ab
which the length of wire in the
coil is substantially half a wavelength. The effect

of this resonance is that, at the resonant fre-

quency, the impedance of the chokes becomes
very low; the effect can be avoided by making
either or both the coils 28, 28 in & plurality of
separate sections, each section having in shunt
with it a separate damping resistance; thus each
coil may be wound in two halves, each half being

damped by a resistance equal to
R

2

Now it may be found that the series opposing
inductance of the chokes 28, 29 resonates within
the operating frequency range with condenser
38, and this residual may be damped by means
of series resistance 35; preferably, however, re-
sistance 35 is given the same value, say 7, as Té-
sistance 38 (which, as has been explained, may be
made up to 2 suitable value) and it is arranged
that

...=2-2

[o]
where I is the series opposing inductance of
chokes 28, 28 and ¢ is the capacity of condenser
36; the series impedance between the anode of
valve 23 and the grid 25 of valve 24 is then a pure
resistance equal to 7.

Tt will be noted that, in the amplifier described,
the grid 25 of valve 28 may be allowed to become
positive relative to the cathode thereof—in other

2,140,331

words, grid current may flow, without the in-
troduction of substantial wave form distortion,
since the grid circuit of valve 24 is one of rela-
tively low resistance; it will of course be observed
that when grid current flows, hattery 21 serves
not only as a source of bias, but also to supply
power.

Fig. 11 shows & circuit of the same general char-
acter as that shown in Fig. 10, and illustrates the
application of the invention to a direct coupled
modulator suitable for a wide range of frequencies.
Tn Figs. 10 and 11 the magnitudes of components
bearing like references are denoted by like sym-~
bols; referring to Fig. 11, the valve 23 is arranged
to establish modulation signals across the modu-
lation resistance 33, the floating anode battery
high-tension rectifier or other D. C. source 21
being inserted between the anode 31 of valve 23
and modulation resistance 33 and serving as @
D. C. coupling. The end of the modulation re-
sistance 38 remote from earth is connected to the
input of a radio frequency modulator (not
shown). The source 27 of anode potential is
connected into the circuit through two mutually-
coupled inductances 28, 29, which are arranged
to present as small an impedance as possible for
the passage of normal anode electron current,
which flows from the valve 93 through inductance
28, through the source 217, through inductance 29
and so to the modulation resistance 33.

The two inductances are preferably tightly cou-
pled, for example, by being wound on & common
maghnetic core.
this, it is preferably

ance of coil 29. As pefore, a condenser 36 and a
resistance 35 are used to build out the battery
resistance 34 and the series-opposing indugtance
of the chokes 28, 29 to simulate a pure resistance
equal to 7. The choke 29 is shunted ky-a resist-

ance 38, and similarly the capacity 31, which rep-.

resents the capacity of source 21, to earth to-
gether with any capacity which it may be con-~
venient to add thereto, is shunted by & resistance
32, resistances 30, 32 having, as before, the same
magnitude R. The combined battery feed and
coupling circuit then appears as a resistance of
value R between the anode of valve 23 and earth,
provided the parallel-aiding inductance of the
two chokes equals CR2.

If desired, the resistance 33 may be omitted, the
composite resistance R then constituting the
whole modulation resistance. If resistance. 33 is
included in the circuif, the effective modulation
resistance is R in parallel with the resistance 33.
If the source 2T is a rectifier, the latter may con-
veniently be built oub to simulate a pure resist-
ance equal to 7 less the series resistance of the
two chokes, and built out again as described with
reference to the drawings, to correct for the leak-
age inductance of the tightly-coupled chokes.
furthermore, resistance 30 may be divided into
two parts, each equal say to 2R, one shunted
across each of chokes 28, 28.- Again it will be
noted that the D. C. component of the anode
current of valve 23 is dissipated in resistance 32,
and this resistance can have substantial self-ca-
pacity, since such self-capacity forms part of the
capacity 31.

g, 12 illustrates the application of the inven-
tion to circuits for feeding current to the cathode
of a valve which is operated, for example, with
its load in the cathode circuit. Such a valve may
be one known as & cathode follower, the potential
of the cathode of which can be arranged sub-

Tf the coupling is less tight than -
arranged that the mutual.
inductance is substantially equal to the induct- ;
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stantially to follow that of the control grid there- 28, 29 correspond to windings 28, 29 of Fig, 12
of, Referring to Fig. 12, the filament 38 of valve ang are of thick Copper wire, so ag to carry the

to the earth core 39, or to both the brimary wind- Iateq from the other two windings on account of 5
ing and the core.  In this cage, filament 38 con- the higher voltage of rectifier 44, The Insulation
situtes the first conductor. The effects of the of the composite choke, from end to end, must
stray capacity, which ig Indicated in dotted lines e such as to be capable of withstanding the peak
by condenser 31, which wil be referred ag C, is amplitude of the output of valve 31. The induct-
eliminated by feeding the filament 38 through gneeg of coils 28, 26 are preferably made sub- 19
two tightly-coupled chokes 28, 29. These chokes stantially equal, and the average mutual indycg-
are shunted by g resistance 30 ang & further re- ance between the coj] 45, and the coils 28, 29 ig
sistance 32 shunts the stray capacity 31, The preferably made Substantially €qual to the aver-
end of resistance 30 remote from earth is taken age inductance of coils 28, 29,

to the centre tap 41 on 3 low resistance 42 across The cathode rectifier 43 ang the cathode are

15
the filament 38, and the two halves of resistance shunted by resistances 46, 42 Téspectively, the '

in paraliel constitute in effect & portion of centye boints 41, 41 of which gare connected
resistance 30, through resistance 39, The resistances 46, 42 are

As the choke effectively constituted by induct- of small value, ang if desired, they can be re-
ances 28, 29 requires to have g low self-capacity garded for burposes of design as forming part 20
and has tg carry heavy currents, so that thick of resistance 28, The stray capacity 31 of reg. -
wire is necessary, it ig advantageous to wind the tifier 43 angd the stray capacity 31’ of rectifier 44
inductanceg 28, 29 on 3 nagnetic core resembling  gpe eliminated in the manner discussed with ref-
a transformer core, but having g large gap (pref- erence to Fig, 12,
erably in the middle of the coil) and formed of The centre point 41 of the resistance 42 ang 25
very thin laminations, As the filament current  the upper end of the choke winding 45 are con- -
basses through the coils in Series opposition, the hected by g resistance 48 and g condenser 49 in
core is not magnetized by the filament heating series; the magnitudes of Components 48 ang 48
current, but ig magnetized by the space current are so chosen that the effective Impedance of rec-
of the valve 37. The transformer capacity 31 tifier 44 a5 seen through the leakage Inductance 30
also comprises the Self-capacity of the resist- of the composite choke, is effectively g bure re-
ance 32, Sistance. Any tapacity due to the Wwindings of

As in the previous arrangements of Figs. 10 the choke which effectively shunts the leakage
and 11 it is arranged that I, the barallel-aiding inductance can be allowed for to a large extent
inductance of chokes 28, 29 is equal to CR? R by a modification of the circuit employed to builg 35
being the magnitude of resistances 3g and 32. oyt the rectifier impedance to & pure resistance
The capacity to earth of a battery, mmachins, or by appiication of the principles already discusseq
rectifier feeding the filament with direct current which govern such building out. In thig way, the
may be effectively eliminated in g similar manner, effective stray capacity across t
Fig. 13 shows a modification of the arrangement due to the heat dissi
of Fig, 12 in which g D, C. coupling is provided he two rectifiers 43 ang 44 is effectively re
between valve 37 angd 5 second valve 59; in this any residual self-capacity being relatively smajj
case it is required not only to supply cathode and due solely to the choke coils. If the choke
heating current to the valve 37, but also to Supply g sultably designed ang particularly if it ig given
a grid bias potential for the subsequent valve 50, an iron core to reduce itg size, it is, in general, 45
the grid of Which. requires, instead of the posi- bossible to effect reduction of stray
tive potential of the cathode 38 of the valve 31, a5 much as 10:1 for 5 frequency rang
2 negative potentia] relative to earth, The valve from 0 to 2 me
37 works intg a Ioad resistance arranged in its Difficulties may be encountered i

tion into effect 50

€sonances within 55

ing current, and finally the effective tota] capac- cessively bulky or expensive,
ity to earth of the rectifiep or other source supply- A further arrangement according to the inyen-
Ing the bias potential for valve 50, tion, by the use of which the difficulties referred
In Fig. 13, 43 represents a low voltage heavy to may be eliminated or mucp reduced, will now g
current rectifier broviding the cathode-heating be deseribed with reference to Fig, 14, which illys..
current for valve 31, and 44 represents a com- trates a modification of the arrangement of Pig,
baratively high voltage rectifier Supplying the i3 Like parts in Figs. 13 ang 14 bear the same
bias to the valve 50, which it ig assumed is liahle references,
to run into grig current on extreme amplitudes, Referring to Fig. 14, 5 doubly-woung choke ¢5
i {, 52 is connected in the leads
two resistances 38, 32 in Series, of which resist. to the grig bias rectifier 44 coil 52 being con-
ance 32 is required to dissipate the heat produceq nected in serieg with coil 45 and
by the steady and low frequency space Current.  connecteq between the rectifier and
Resistance 30 is only required to dissipate the 47 on resistance 46, Resistance 32 Is, as in Fig, 70
heat produced by the high frequency alternating 13, connecteq between the left hang terminal of
currents. The unwanted capacities are held off rectifier 44 ang earth., A resistance 53 ig shunted
by means of 3 triple-woung choke coil, the three  acrosg coil 51,
windings 28, 29 gng 45 of which are coupled to- It will be seen that coils 51, 52 do not have tg
gether as tightly ag bossible. The two windings carry the heating current for valve 31. Coi] 51 75
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carries only the anode current of vaive 31 and
coil 52 carried only the grid current of the valve
53, It is therefore readily possible to make the
inductance of the doubly-wouind choke 5§, 52 sub-

5 stantially greater than that of the triply-wound
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choke 28, 29, 45. 1f Cg is the vaiue of the capacity

31’ to earth of rectifier 44, Le the magnitude of

the inductance 5i and Ru the magnitude of re-

sistance 32 and also of resistance 53, then this
0 part of the circuit behaves as & pure resistance if

T9=R12Ca. The capacity C2 may be regarded as

comprising in addition to capacity 31/, the shunt

stray capacity of resistance 32.

If C: is the magnitude of the capacity 31,
5 earth, of rectifier 43, if Lu is the effective induct-
ance of the triply-wound choke as seen from the
cathode 38, and if resistance 28 has a value R,
then the whole system behaves &s & pure resist-
ance if In=R1?C1, and if Iz has the value given
above.

In the circuit of Tig. 13 the necessary induct-
ance L: of the triply-wound choke 28, 29, 45 is
given by Li—R2(C14-C2), Ct and Cp having the
values given above. Tn many cases Ci is much
less than Cz and therefore, by employing the
circuit of Fig. 14 instead of that of TFig. 13 the
magnitude of the inductance of the triply-wound
choke can be very much reduced.

It will be seen that in the arrangement of Fig.
0 14 the stray shunt capacity 3! of rectifier 42 is

shunted by resistances 53 and 32 in series with

one another, resistance 32 being glso in shunt

witlr the stray capacity 31’ of rectifier 44.

In practice, it may be preferable to provide
5 heating current for the cathode by means of a
direct current generator jnstead of from a recti-
fier. If this method is employed, the generator is
.connected in place of rectifier 43 and, by well
spacing and insulating the generator from earth,
it is possible to keep capacity 2{ small compared
with the capaeily 31’ of the foating rectifier 44,

Tt is to be noted that, provided it is relatively
small, the self-capacity of coil B4 may he included
in the effective value Cz of capacity 3,

The source 43 of cathode heating current may
be so shielded that it has capacity to rectifier 24
only. In this case the upper end of coil &f is
connected to tapping point &1 instead of to tap-
ping point 47, and the upper end of coil 52 is
0 connected directly to the right hand terminal of

condenser 48, coil 45 being omitted. Tt will then

be seen that the stray capacity of source 43 is

shunted by resistance 53 and the circuit so con-
stituted is in series with the effective inductance
of coils 28, 29 shunted by resistance 30. This
part of the circuit is arranged to form a sub-
stantially constant resistance network by appli-
cation of the principles already stated. The stray
capacity of rectifier 48 is shunted by resistance
32 and is built out by inductance 5! shunted by
the resistance network last referred to, to form a
further substantially constant resistance net-
work.

The above description is given by way of ex-
ample only and many modifications of the inven-
tion, within the scope of the appended claims, will
be apparent to those versed in the art.

What is claimed is:—

1. A coupling circuit between fwo thermionic
elements comprising & condenser connected to &
current carrying electrode of one of said thermi-
onic elements, a 1load resistance connected to a
current carrying electrode of one of said thermi-
& onic elements, & circuit element connected in said

0
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current carrying electrode circuit and having dis-
tributed capacity to ground, said distributed ca-
pacity being small as compared with said con-
denser, a pair of resistances for connecting the
circuit element in parallel with said condenser, &
resistance, an inductance connected in parallel
to said resistance and inserted in the connection
between said load resistance and the coupling cir-
cuit whereby the entire coupling circuit will be
in effect a substantially constant resistance over
substantially the frequency range transmitted by
the thermionic elements, said effect being accom-
plished by making the ratio of the inductance to
gaid distributed capacity equal to the square of
the load resistance

(&)

2. A coupling circuit between two thermionic
clements comprising a condenser, a circuit ele-
ment having distributed capacity to ground, said
distributed capacity being small as compared with
the condenser, & pair of resistances for connecting
the circuit element to the coupling circuit in par-
allel with said condenser, and & 1oad connected to
said coupling circuit comprising a resistance with
an inductance and resistance connected in par-
allel therewith whereby the entire coupling cir-
cuit is effectively a constant resistance over sub-
stantially the entire frequency range to be trans-
mitted by said thermionic elements, the value of
the ratio of said inductance t0 said distributed
capacity being such as to equal the square of the
resistive value of the Joad on said thermionic ele-
ments

L
'c‘—RZ)

3. A coupling circuit between two thermionic
elements comprising & condenser, a source of cur-
rent having distributed capacity to ground, said
distributed capacity being small as compared with
the condenser, & pair of resistances for connecting
the source of current to the coupling circuit in
parallel with said condenser, and a load connected
to said coupling circuit comprising a resistance
with an inductance and resistance connected in
parallel therewith, whereby the entire coupling
circuit is effectively a constant resistance over
substantially the entire frequency range to be
transmitted by gaid thermionic elements, the
value of the ratio of said inductance to said dis-
tributed capacity Peing such as to equal the square
of the resistive value of the load on said thermi-

onic elements
L
Z—=R2
C R)

4. A circuit arrangement comprising an elec~
trical resistance which, in operation, is required
to carry relatively large currents, means for re-
ducing the effects of the inherent shunt capacity
of said resistance comprising & second resistance
and an inductance in shunt with one another,
said second resistance being one rated to carry
less current than that carried, in operation, by
said first resistance,
said second resistance and inductance in series
with said first resistance whereby, together with
said first resistance, they simulate substantially a
pure resistance, the ratio of said inductance to
said capacity being such as to substantially equal
the square of the yalue of both of said resistances

L_
C_R)
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5. A circuit arrangement comprising an in-
ductance having 5 bre-determined current cg-
bacity, meang for reducing the effects of the in-
herent shunt capacity of the said inductance
Comprising g, second inductance having g smaller
current capacity Connected in serieg with said first
inductance, and two resistances of Substantially
the same magnitude arranged in shunt respec-
tively with said inductances, said second induct-
ance being so chosen that, upon g pre-determined
frequency, the impedance of said circuit ig sub-
stantially constant gnd simulates g bure resist-
ance,

6. A cireuit for coupling electronic devices com-
prising a loag circuit for at least one of said de-
vices, said load cireuit having g, resistive valye R,
said load circuit to g cur-

to said first reactance whereby the ratio of in-
i t0 capacitive reactance in the
the square of the loag resistive

(t-x)

said means connecting g, second electronic device
to said circuit Wwhereby the Coupling circuit he-

the whoie of the band of frequencieg transmitted
by said electronic devices.

7. A coupling eircuit for two thermion‘e devices
comprising a circuit element connected in a eur-
rent carrying electrode circuit of one of said ther-
mionic devices, said element having a determin-
able value of distributed capacity, a condenser
connected serially to saig Current carrying elsc-
trode ang substantially in shunt with said dis-
tributeq capacity, g resistance connected serially
with said cireuit element, gn inductance con-
nected in shynt with said resistance, the ratic of
the value of sald inductance to the capacities be-
ing equal to the square of the resistive load in
said current carrying electrode

L

6=R2)

whereby the coupling circuit formeq by said ele-
ments simulates a substantially constant resist-
ance over the entire range of frequencieg trans-
mitted by saig thermionic elements, ang means
for Connecting the second thermionie device to
said coupling element,

ALAN DOWER BLUMLEIN.
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