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1

This invention relates to ultra-high frequency
electrical apparatus and is more particularly con-
cerned with arrangements comprisiag an elec-
tromagnetic wave guide.

An object of the invention is to provide an im-
proved device for regulating the electromagnstic
energy passing through a wave guide.

A further object of the invention is to provide
an arrangement for use as a means of stabilising
the electromagnetic power passing through a
wave guide at a desired predetermined level.

Another object of the invention is fo provide
an arrangement by which the output of a rectify-
ing device such as a crystal mixer, whose con-
version efficiency is subject to variation, may be
stabilised at a desired predefermined level.

Vet a further object of the invention is to pro-
vide an arrangement by which amplification of
a weak direct current may be effected.

The arrangsment according to the invention
‘comprises a coil of conducting material mounted
within an electromagnetic wave guide and free
to rotate about an axis perpendicular to the axis
of the coil, said coil being so shaped and dimen-
sioned that bedily it forms an obstacle rescnant
to electromagnetic energy passing through the
wave guide; biassing means for urging said coil
towards g predetermined position and means for
producing a magnetic field surrounding said coil
whereby by the application of a direct current
to the coil winding, the resonant obstacle formed
thereby may be rotated on the said axis against
the action of said biassing means to control ths
fiow of electromagnetic energy through the wave
guide.” The control of eleciromagnetic energy
flowing through a wave guide by means of a reso~
nant obstacle is described and claimed in co-
pending United States application Serial No.
763,621, filed July 25, 1847 as the equivalent of
corresponding British Specification No. 597.218,
filed April 20, 1944, and accepted in Great Britain
on January 21, 1948, The coil may be arranged
for movement against the action of control means
such as hairsprings er alternatively may be sup-
plied with a suitable opposing current derived
from a constant D. C. source.

In a preferred form the coil winding is adapt~
ed to form a closed resonant ring of the kind
deseribed in the aforesaid copending United
States application Serial No. 763,821, filed July
25, 1947 as the equivalent of corresponding Brit-
ish Specification No. 597,218, filed April 20, 1944,
and accepted in Great Britain on January 21,
1848 whereby it allows substantially unimpeded
transmission of energy when dispozed with its
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own plane parallel with that of the axial direc-
tion of the guide and effects substantially com-
plete cut-off of energy when disposed with ibs
plane normal to the said axial direction.

A number of arrangements embodying the in-
vention will now be described by way of example
with reference to the accompanying drawings in
which: :

Figure 1 is a semi-diagrammatic cross sectional
view and Figure 2 is a similar sectional eleva-
tional view of an arrangement for stabilising the
electromagnetic power flowing through a wave
guide.

Figure 2 is a view similar to Pigure 1 of an ar-
rangement for stabilising the rectified output of
a crystal mixer at a predstermined level, while

Figure 4 is a diagram showing an arrangement
for effecting amplification of a weak direct cur-
rent, and

Figure 5 shows an arrangemeni for use as a
remote controlled regulator for centroliing the
power flewing through a waveguide.

Referring first to Figs. 1 and 2, the device com-
prises a multi-turn rectangular coil winding {f
rotatably mounted on pivots 12 within a rec-
tangular wave guide {8, The guide carriez a
wave of the Hio mode between g source connected
beyond the end ¢ and g load at the opposite end
0. The axis of rotation of the coil is perpen-
dicular to the E-vector of the wave and to the
longitudinal axis of the guide.

The dimensions of the coil are such that, bodi-
1y, it forms a rescnant closed ring of the kind
described in the aforesaid copending United
States application Serial No. 783,621, filed July
25, 1947 as the eguivalent of corresponding Brit-
ish Specification No. 597,216, filed April 20, 1944,
and accepted in Great Britain on January 21,
1848 and serves to allow substantially unimpeded
transmission of power through the guide when
disposed with its plane parallel with the axial
direction of the guide while effecting substan-
tially complete cut-off of power transmission
when disposed with its plare normal to said axial
guide direction.

Electrical connection is made to the coil wind-
ing through two very light hairsprings 3. A per-
manent magnet having opposed poles {4 provides
a magnetic field normal to the axis of rotation
of the coil I,

A crysial detector {7 is connected to a probe
{8 coupled logsely to the guide {% by insertion
through a suitable aperture on the load side b of
the coil. The rectified crystal current is passed
through the coil {1 by way of choke coil 18, in
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opposition to a steady current derived from a
stabilised D. C. source {5 flowing through a high
vesistance 6. The arrangement is such that in-
crease in rectified crystal current turns the coil
in a direction so as to cut down the power trans-
mitted therepast, i. €. so as to reduce the crystal
current. Obviously the probe {8 may be replaced
by any other known form of electromagnetic
pick-up device such as a loop.

Assuming the coil i{ to he perfectly free, it
may turn until no current flows through it, i. e.
until the crystal current is exactly equal to that
from the source (5. The crystal current is a
function of its rectifying efficiency and the power
supplied to the load; assuming the crystal has
a constant characteristic, the power supplied will
accordingly be held constant. Alteration of the
value of the counter-current supplied by the
source {5 e g. by variation of resistance #8,
affords a control of the value of power supplied.
In practice, the control exeried by the hair-
springs 13 is not zero and an out-of-balance cur-
rent must flow through the coil; this need not
exceed a few micro-amperes, however.

In the arrangement shown in Fig. 3, the con-
struction is substantially identical with that de-
scribed above with the exception that the crystal
rectifier i{7a, now connected dirvectly across the
coil winding, is that forming part of the crystal
mixer device whose rectified D. C. ocutput is re-
quired to be kept constant in spite of variations
of the characteristics of the crystal. The wave
guide {3 conveys electromagnetic ensrgy from the
local oscillator 28 to o crystal mixer and the
coil winding {1 is arranged to turn within the
guide so as to maintain the power supplied by the
local oscillator at an intensity such that the rec-
tified current from the crystal is at a desired pre-
determined level. Adjustment of the power flow-
ing through the wave guide from the local oscil-
lator is effected by adjusting the D. C. current
aprlied to the coil from a D, C. source 6.

Fig. 4 shows a D. C. amplifier arrangement, A
length of wave guide {8g is arranged so as io
divide into fwo sections {96, {6c whose other ends
are joined to form g closed loop. At the throat of
the division point of the guides is arranged a
moving coil winding {{g shaped to form a reso-
nant ring similar to that glready deseribed. This
ring, by its movement into different positions of
inclination with respect to the divergent guide
portions, serves to vary the raiio of the E. M. en-
ergy values supplied froin the end el to the re-
spective guide portions, A probe 8¢ connected
to .3 crystal rectifier, is located at 2 point in the
wave guide loop such that the path length by way
of one fork, e. g. 1B, iIs A/2 or an ¢dd multiple
thereof longer than the path ienzth by way of the
other fork.

With the moving ccil in a positicn such thas
equal division of energy is made between the two
paths, the rectified output from {8a will be zero
owing to the cancellation effect caused by the
180° phase displacemen? of the two wave com-
ponents reaching it from opposite directions.
Movement of the coil {i¢, by a curent of the order
of microamperes applied by way of ferminals T.
and Tz thereto, from such position will upset the
balance between the two branches and so pro-
vide a resuliant wave component at the probe
18a which, after rectification in rectifier {7b, may
give rise between terminals Ts and Tt $6 a cur-
rent of the order of milliamperes.

Figure 5 shows an arrangement substantially
identical to the arrangement shown in Fig. 1
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in which, however, the rectifier and counter cur-
rent source is replaced by a source of current {9.
The arrangement may be used as a remote con-
trolled power regulator since the pesition of the

- ¢oil if within the waveguide and thus the power

flowing through the waveguide may be controlled
by varying the current applied to the coil from
source 19.

I claim:

1. An arrangement for regulating the electro-
magnetic energy flowing through an electromag-
netic wave-guide comprising, an electromagnetic
wave-guide, a coil of conducting material rotat-
ably mounted within said wave-guide on an axis
perpendicular to its own axis, said coil being
resonant to electromagnetic energy flowing
through said wave-guide, magnetic field produc-
ing means producing a magnetic field surrcund-
ing said coil, an electromagnetic pick-up device
coupled to said wave-guide at a position beyond
the coil in the direction of flow of electromag-
neudc energy, a rectifier rectifying the electro-
magnetic energy in said pick-up device, electri~
cal connections applying the rectified current out-
put of said rectifier to said coil in a sense tend-
ing to decrease the electromagnetic energy pass-
ing said coil, a source of electrical current, and
elecirical connections applying current from said
source of electrieal current to said coil in oppo-
sition to said rectified current output of said rec-
tifier. -

2. An arrangement for regulating the fiow of
electromagnetic energy through an electromag-
netic wave-guide according to claim 1 wherein
said rectifier is a crystal rectifier,

3. An arrangement for regulating the electro-
magnetic energy flowing through an electromag-
netic wave-guide comprising, an electromagnetic
wave-guide, a coil of conducting material rotat-
ably mounied within said wave-guide on an axis
perpendicular to ifs cwn axis, said coil being a
closed ring which is resonant to clectromagnetic
energy passing through said wave-guide, mag-
netic field producing means producing a magnetic
fieid surrounding said coil, an electromagnetic
pick-up device coupled to said wave-guide at a
position beyond the coil in the direction of flow
of eleciromagnetic energy, a rectifier rectifying
the electromagnetic energy in said pick-up de-
vice, connections applying the rectified currsnt
output of said rectifier to said coil in a sense tend-
ing to decrease the electromagnetic Energy pass-
ing said coil, a source of elecfrical current and
connections applying current from said source of
slectrical eurrent in opposition to said rectified
current output of said rectifier.

4. An arrangement for regulating the electro-
magnetic energy flowing through an electromag-
netic wave-guide comprising an electromagnetic -
wave-guide, a coil of conducting material rotat-
ably mounted within said wave-guide on an axis
perpendicular fo its own axis said coil being reso-
nant to eleciromagnetic energy passing through
said wave-guide, magnstic field producing means
producing a magnetic field surrounding said coil,
hairsprings urging said coil towards a predster-
mined position and making electrical connection
to the two ends of said coil, an electromagnetic
pick-up dsvice coupled to said wave-guide at a
position bayend the coil in the direction of fAow
of eleciromagnetic energy, a -rectifier rectifying
the electromagnetic energy in said pick-up device
whoze rectified current output is apgplied througt
sald hairsprings to said coil in a sense tending
to decrease the electromagnetic energy passing
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said coil, and a source of current feeding said coil
in opposition to the rectified current cufput of
said rectifier. '

5. An arrangement for regulating the elsctro-
magnetic energy flowing through an electromag-
netic waveguide comprising in combination with
the electromagnetic waveguide of a coil of con-
ducting material rotatably mounted on an axis
perpendicular to its own axis, said coil being reso-
nant to electromagnetic energy flowing through
said waveguide, magnetic field producing means
producing a magnetic field surrounding said coil,
an eleciromagnetic pick-up device coupled to said
waveguide at a position beyond the coil in the
direcsion of flow of electromagnetic energy, a rec-
tifier rectifying the electromagnetic energy in
said pick-up device, electrical connections apply-
ing the rectified current output of said rectifier
to said coil in a sense tending to decrease the

electromagnetic energy passing said coil, and re- :

silient means biasing the coil in a sense opposite
to the first-named sense.
RICHARD G. GARFITT.
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