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The invention relates to thermionic amplifying

systems and more particularly to & thermionic re-
ceiving ‘amplifier of high sensitivity suitabie for
use -on-very short waves.
" The invention provides an improved amplifying
system of the kind-in which a frequency changer
is applied for changing the frequency of the sig-
nals to be amplified.

The invention is illustrated by and explained in
connection with the ‘accompanying drawings in
which Figure 1 shows a known frequency changer
arrangement, Figure 2 a frequency changing ar-
rangement of the general type illustrated in Fig-
ure I'butimproved:in accordance with the present
invention, Figure 3-a modification of the arrange-
ment shown in Figure 2, and Figures 4 and 5 are
constructions of a condenser suitable for use in
carrying out the inventions. Figures 6 and 7 il-
lustrate, in  section, condenser arrangements
which may be utilized in this invention. Figure
8 is a preferred schematic arrangement for ob-
taining a weak coupling effect. - Figure 9 is a
front view of a portion of the apparatus used in
Figure 8. ' Figure 10 :illustrates a preferred ar-
rangement for ‘coupling the aerial to the first
stage of a high freguency amplifier of a receiver.

Referring to Figure 1, this shows a known ar-
rangement which has been employed as afrequen-
¢y changer in an amplifying system for amplify-

'ing signals. - As will be'seen this frequency chang-

ingarrangement consists of a pair of valves whose
grids are connected to one another through a pair
of ‘condensers in series and also through an induc-
tance in shunt across said ¢condensers, the middle
point'between the two condensers being earthed

‘and the mid tapping on the coil shunting said con-

densets ‘being’ taken through a further coil to
earth, said further coil receiving local oscillations

impressed ‘throtigh a circuit indicated in the fig~"

ure as-LO. "The output circuit of the valve is of
usual form, and is syminetrical with respect to
earth as Tegards:-alternating current.- As shown,
the anode circuit comprises a pair-of condensers
shunted by ‘a icoil, the loop circuit thus consti-
tuted being connected between the anodes of the
two valves; the poinht-between the two condensers
being earthed and a centre tapping on the coil be~
ing earthed through a condenser and being also
connected to the positive source of anode poten-
tial: - Signals are applied to the grids of the valves

from the signal input circuit SI via the coupling C.:
~Now when the circuit shown in Figure 1 is pre-~-

eeded by a powerful high frequency amplifier, and,
- phdTe.es pecmlly, when it is employéd for receiving
short ‘waves of the order of 10 metres or less, se-

(CL 250-—20)

rious practical difficulties are introduced by rea-
son of the very high “noise level” which oceurs, in
part. by reason ‘of the liability of the  detector
valves to. break into self-oscillation and in part
owing to-the difficulty of obtaining an effective and
satisfactory coupling to the output circuit of the
high frequency amplifier. It will be obvious that
it is desirable that there be a very strong action
from the local oscillator on the two grid circiits
of the push pull modulating valves which are
working in parallel. In the circuit shown in the
figure, the local oscillator voltages are applied
from the middle of the grid coil, and it is quite
difficult to obtain a strong action in this way, es-
pecially- at very high frequencies, owing tc the
choking effect of the grid coil and also owing to
the low reactances offered between the grids and
earth by:the tuning condensers. Moreover, unless
the tapping on the grid coil be exactly at the cen-
tre (a requirement which in practice is hardly ever
realized) circulating current due to the local oscil-
lator will flow round the valve input circuit and
thus the symmetry of the arrangement and many
of the advantages of the circuit would ke lost.
Further it is exceedingly difficult to cbtain two
valves whose characteristics are and will remain
exactly the same. Another serious disadvantage
arises by reason of the tendency of the modulating
valves to oscillate, due to the starting action of
the local oscillator when it comes in tune with the
output circuit of the frequency changer during
tuning operations.

The' present: invention provides an improved
circuit arrangement in ‘which these disadvantages
are avoided. -

The  invention  also provides certain detailed
improvements in arrangements for applying am-
plified radio frequency signals to the irequency
-changer of a superheterodyne receiver in accord-
ance with the principal feature of the invention.

According to this principal feature of this in-
vention, a frequency changer arrangement suit-
able for use in ‘connection with a. receiver for
receiving very short wave lengths comprises two
modulating valves whose grids: are electrostatic-
ally coupled in parallel to a sourceof local oscil-
lations, ‘said “grids being also electrostatically

coupled in push-pull to an input signal circuit.

Preferably the coupling between the grids and
the local oscillatoris such that action of the oscil-

lator upon said.grids is separately adjustabie-

for each grid, and preferably-also the: arrange-
ment-i§ such that the bias for each grid is inde~-.
pendently adjustable.

“Figure 2 of ‘the drawings shows the veneral
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circuit arrangement of Figure i, modified in ac-
cordance with the present invention. As will be
seen, local oscillations from a source LO are ap-
plied through a condenser Ciz and through two
variable condensers CiCs to the grids of the mod-
ulating valves V1Vz, these grids being also cou-
pled through variable condensers C3C: to the
signal input circuit generally indicated at SI.
RiR2 are a pair of as nearly as possible pure
ohmic resistances in series with batteries EBu;
EBy, for applying grid voltage to the valves ViVa.
If desired, potentiometers may be associated with
the batieries EB: and EB2 and in certain cases
the resistances RiRz2 may be replaced by chokes
or chokes in series with resistances. The output
cireuit includes condensers CoCro and chokes CHz
and CH: for the purpose of preventing any pos-
sibility of plate modulation. These chokes and
condensers though desirable are not indispensa-
bie. Jacks J1 and Js2 are provided in shunt with
condensers Cu1 and Ciz to facilitate “checking
up” the various circuit adjustiments and the out-
put circuit inductances are shown at La and Le.
Where the arrangement is for use on very short
wave lengths, the provision of condensers Cs
and C¢ and filamnent chiokes CH: and CHg, as
shown, will be found to be of advantage.

The condenser Ciz serves to prevent any in-
ductive coupling between the local oscillator and
the valves. This condenser may conveniently be
constructed as a condenser tube with air or any
other suitable dielectric, and may form con-
structionally part of the circuit. For example,
the arrangement shown in Figures 4 and 5 of
the drawings may be conveniently employed, Fig-
ure 4 being a schematic sectional elevation and
Fugure 5 being an end view. The condenser Ci3
may, however, be dispensed  with altogether,
though its presence will generally be found of
advantage.

Figure 3 of the drawings shows a modification
of the arrangement shown in Figure 2, and it
will be noted that high frequency chokes CHj
and CHs have been introduced to prevent circu-
lating current from the local oscillator flowing
through the fairly large capacities C3 and Ca,
and through the secondary windings of the input
transformer TR. Cus and Cis are so-called neu-
tralizing condensers. If desired, the valves Vi
and Va2 may be replaced by so-called screened
grid valves, as also can the valves Vi and Vg of
Figure 2. Where it is desired to cause the out-
put circuit to admit the two side bands, resist-
ances R3 and R+ may be introduced, the output
circuit being tuned to the same frequency as
that of the local oscillator. In the case of one

side band transmission only, however, the resist-

ances R3 and R: should be omitted and the out-
put circuit made of as low damping as possible
and tuned to one of the side band frequencies.

Preferably the condensers C:iCs of Figures 2
and 3 of the drawings are constituted by a single
condenser structure which may be, and preferably
is, a differential condenser structure.

Figure § of the accompanying drawings shows,
in schematic section, a form of differential con-
denser which may be employed to constitute the
said condensers Cr and Cs, the figure showing,
also in diagrammatic form, just sufficient of the
circuit of Figure 2 or Figure 3 toidentify the con-
nections of the said condenser structure.

Referring to the accompanying Figure -6 in
more detail, the condenser structure comprises
an insulated carrier member HCvs upon which is
mounted a pair of fixed tubular electrodes ACq
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and ACs, these electrodes corresponding to those
clectrodes of the condensers Ct and Cs which
are directly connected to the grids of the valves
Vi and Va. Eiectrostatically coupled to the elec-
trodes ACr and ACs is a movable electrode or
condenser armature ACrs which, as shown, is
5o mounted that it may, by operation of a han-
dle HCws (which actuates a screw), be moved
towards the fixed electrode AC7 or towards the
fixed electrode ACs. The armature ACns is elec-
trically connected to the condenser Ciz of Fig-
ures 2 and 3 and thence to a coil which is cou-
pled to the local oscillator LO. It will he seen
that the condenser illustrated in Figure 6 is a
differential condenser since any movement of the
handle HCrs to increase the capacity of the con-
denser C7 will also decrease the capacily of the
condenser Cg, and vice versa.

Figure 7 of the accompanying drawings shows
another arrangement which may be employed in
place of that shown in Figure 6. The construc-
tion shown in Figure 7 comprises, in effect, two
independently separately adjustable condensers,
one ¢f which constitutes the condenser Cr, and
the other the condenser Cs. These condensers
have a common electrode AC’7s which is tubwar
and of the form shown in section in Figure 2 of
the drawings. The electrode AC’w is mounted
upcn an insulating bar B by means of a set screw
SCrs - which passes through said electrode and
bar -as illustrated. On the bar B.is adjustably
mounted a pair of tubular movable electrodes
AC’r and AC’s which electrodes are so dimen-
sionied  that they may be entered into the elec-
trode AC’73 at either end thereof to adjustable
extents. The electrodes AC’7 and AC’s are held
in any predetermined position of adjustment by
screws SCAC’y and SCAC’s which pass through
the said electrodes into the central bar B. The
connections to the condenser structure shown in
the accompanying Figure 7 correspond to those
of the structure shown in Figure 6.

A superheterodyne receiver in accordance with
this invention may, of course, -and in general
practice ordinarily will, include a high frequen-
cy amplifier preceding the frequency changer,
this high frequency amplifier embodying one or
more than one amplifier stages. To put the mat-
ter in another way, the signal output circuit Sl
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of Figure 2 of the drawings may (as is indeed --.

indicated in this figure) be energized from a
high frequency employing any desired suitable
number of tuned high frequency stages. It has
been found that with a superheterodyne receiver

in accordance with the present invention, if the - .-

hetsrodyne wave impressed on the grids of the =

valves ViVz (see Figure 2 of the  drawings) be
very -accurately balanced, an extremely small
coupling is all that is required bhetween the out-
put circuit of a preceding high frequency ampli-
fier ~and the
changer, and indeed the use of an extremely
weak coupling is advantageous inasmuch as it
results in a substantial increase in the ratio of
signals to ‘“noise”.

input -circuit to the frequency

Figure 8 of the accompanying drawings shows

diagrammatically a preferred arrangement
whereby a weak adjustable coupling may be ob-
tained. In this figure, V3V: represent the valves
of a final push-pull counected stage of a radio

frequency amplifier, the anode potential being

applied to the valves via a centre tapping upon
2, choke HFCh. The stage including the valves
V3V: is enclosed within a screening box SBi1 and
the frequency changer stage within a screening
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box SB:, this box having a common partition
PSB. 'The partition PSB is provided: with holes
or apertures and on either side of these holes or
apertures are arranged condenser electrodes
which, as indicated in the accompanying Figure
8, constitute the condensers coupling the valves
VsV4, to the circuit SI. ‘The coupling-condensers
thus constituted are indicated by the reference
letters CSLi and CSI: and are preferably so-ar-
ranged that there is no need to move their con-
stituent electrodes to vary their capacities; the
desired adjustment being obtained by cutting “off
to an adjustable ‘degree the apertures in-the par-
tition PSB. Figure 9 of the accompanying draw-
ings - shows schematically 'one —arrangement
whershy the variation of the capacity of the con-
densers CSI; and CSI: may be effected. Refer-
ring to Figure 8, the apertures in the partition
PSB are indicated at HCSI: and HCSIz. Ro-
tatably mounted upon the partition PSB is a cir-
cular dise CD said dis¢ being pivoted at PCD and
baing arranged to be rotated for example, by a
worm drive from a handle (hot shown) which is
attached to the shaft AH. The circular disc CD
is provided with two apertures HCSI1 and
TIOSI’e of the same size as the apertures in the
partition and so positioned that as the disc CD
ig rotated the apertures in the partition may be
masked to a greater or less extent, the masking
of course being determined by the position of
the circular disc and the apertures therein with
respect to the positions of the fixed apertures in
the partition. Thus by rotating the shaft AH,

~the value of the coupling condensers CSIi and

CSI: may be varied.

It is, of course, to be understood that one elec-
{rode of each of the condensers CSI, and CSIz
is arranged on one side of the appropriate aper-
ture and the other electrode on the other side
the rotating disc structure with the associated
apertures in the partition being located between
the electrodes of the condensers, i. e. in the di-
electric spaces thereof. - The partition PSB is, of
course, earthed and the disc CD is also earthed.

Pigure 10 shows & preferred arrangement for
coupling the aerial to the first stage of a high
frequsncy amplifier of a receiver in accordance
with this invention. It has been found that
with short wave working, considerable practi-
cal difficulty exists in coupling an. ordinary
earthed screensd feeder leading from an antenna
o the input circuit of a push-pull high frequency
smplifier and the accompanying Figure 10 shows
an arrangerent in which this is employed in a
satisfactory manner, Referring to Figure 10, the
énds of the feeder wires (which ends are in-
dicated by arrow heads) are tapped upon two
coils TLi and ILs which are connected in par-
allel with one anothér and with a condenser IC.
These coils and condensers are mounted as shown
within a screening box ISB having a partition
TP within which are formed windows or aper-
tures IW. The coils IL1 and ILe are arranged
opposite coils Iz and ILs, and the coils ILa and

. Tie TL3 and ILs being so positioned that coil TIa

is magnetically coupled to coil ILs through a
window IW, the coil ILs being also coupled to
the coil TLs through & window IW. 1In order
to prevent electrostatic coupling, suitable wire

eauze is preferably stretched across: the windows
TW. Means for varying the magnetic coupling

without necéssitating movement of the coils are
pravided. -A rotaling disc and aperture struc-
tire similar to that shown in the dccompanying
Figure 9 may be employed. The coils TIu and

3
IL: and the condenser IC are earthed to the box
ISB at one end, and the coils ILs and IL4 avre
also earthed at one end, the other ends of the
last mentioned coils being connected across a coil
15 which is connected as shown between the grids
of the first stage of the high frequency ampli-
fier, the valves of which are indicated in Fig-
ure 10 at HV:1 and HV:. These valves are prei-
erably screened grid valves. The push pull ef-
fect is obtained by reversing the direction of
winding coils TLs and ILe and preferably the
inductance of the coils 1Lz and ILs is made con-
siderably bigger than that of the coils IL: and
11z in order that variation of the effective in-
ductance of the coil Ls due to variation of the
coupling via the windows IW may be as smail
as possible. The tapping upon coils Ty and Iisa
are chosen so that the impedance presented by
the circuit IL: ICIL: to the feeder connected
thereto, matches the surge impedance of said
feeder.

Having now particularly described and ascer-
tained the nature of my said invention and in
what manner the same is to be performed, I
declare that what I claim is:—

1. A superheterodyne receiver suitable for use

on very short wave lengths and including a fre~

quency changerarrangementcomprisingtwoe mod-
ulating valves whose grids are electrostatically
coupled -in parallel to a source of local oscilla-
tions, said grids being also electrostatically cou-
pled in push-pull to an input signal circuit.

2. A superheterodyne receiver suitable for use
on very short wave lengths and including a fre-
quency changer arrangement comprising twomod-
ulating valves whose grids are electrostatically
coupled in parallel to a source of local oscilla~
tions, an adjustable capacitance located between
each of said grids and said source of local oscil-
lations, said grids being also electrostatically cou-
pled in push-pull to an input signal circuit.

3. An arrangement as defined in claim 1 and
in which bias for each grid is independently ad-
justable.

4. An arrangement as defined in claim 1 in
which the two grids are connected to one an-

_other through a pair of condensers in series, the

common point of said condensers being connect-
ed to a coupling condenser through which the
loeal oscillations are applied.

5. An arrangement as defined in claim 1 in
which the two grids are connected together
through a pair of condensers. in series, said con-
densers being constituted by a mechanically uni-
tary structure comprising a common electrode
and two other electrodes adjustably positioned
with respect thereto.

6. Translating apparatus having, in combina-
tion, a detector circuit comprising two electron
discharge devices having their correspending
control electrodes connected together through
two variable condensers serially arranged be-
tween said electrodes, a-connection including a
capacity from a point intermediate said .con-
densers ‘to a local oscillator -circuit, separate
sources of biasing potentials for said control
electrodes, and individual resistances intermedi-
ate said sources and said electrodes, a signal in-
put circuit, and means for electrostatically con-
necting said control electrodes to said signal in-
put circuit.

7. Translating apparatus suitable for short
waves having, in combination, two modulating
electron discharge devices whose control elec-
trodes are connected together by a pair of seri~
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ally connected and differentially arranged. con-
densers whereby increase of capacity of one con-
denser is accompanied by decrease in capacity
cf the other, a signal input circuit, electrostatic
connections from said control electrodes to said
signal input circuit, a connection from the mid-
point of said differentially arranged condenser
structure to a source of local oscillations, and
biasing means for said control electrodes.

8. A superheterodyne receiver comprising two
push-pull connected electron discharge devices
each having anode, cathode and control elec-
trodes, a connection consisting solely of two
serially arranged variable condensers between the
control electrodes of said devices, individual bias-
ing means for each control electrode, a source of
local oscillations and an electrostatic connection
from said source to a point between said two vari-
able condensers, a signal input circuit coupled to
both of said control electrodes through additional
variable condensers individual to each control
electrode.

9. A superheterodyne receiver comprising two
push-pull connected eleciron discharge devices
each having anode, cathode and control eiec-
trodes, a connection consisting solely of two
serially arranged variable condensers between the
control electrodes of said devices, individual bias-
ing means for each control electrodeé, a source of
local oscillations and an electrostatic connection
from said source to a point between said two vari-
able condensers, a signal input cireuit coupled to

-~Y
<
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both of said control electrodes through additional
variable condensers individual to each control
electrode, and ‘a choke coil connected in series
with each of said last condensers.

10. A super-heterodyne receiver suitable for
use on very short wave lengths and including a
frequency changer arrangement comprising two
modulating valves whose grids are electrostatically
coupled in parallel to a source of local oscillg-
tions, a pair of amplifier valves, the grids of said
modulating. valves being coupled in push-pull to
the output circuits of said amplifying valves, said
frequency changer arrangement being enclosed
within a screening box and said amplifying valves
being enclosed within another screening hox.

11. A superheterodyne receiver suitable for use
on very short wave lengths and including a fre-
quency changer arrangement comprising two
modulating valves whose grids are electrostatically
coupled in parallel to a socurce of local oscilla-
tions, & pair of multi-electrode amplifier valves
whose anodes are connected together through a
high frequency choke coil, connections from the
grids of said modulator valves to the anodes of
the amplifier valves, each connection including
two serially connected capacity reactances, and
& circuyit comprising an inductance in parallel
with a capacitance extending from the junction
point of the two capacities of one connection to
the junction point of the two capacities of the
other connection.

GASTON ADELIN MATHIEU.
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