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This invention relates to ultra high frequency
radio devices, and more particularly to an im-

proved shielding system for microwave radioappa- -

ratus. It has for its principal object the provision
of an improved microwave signal gerierator.

The use of signal generators in aligning, testing
and measuring radio receivers and other radio
spparatus is well known, For the measurement
of sensitivity, for example, the receiver is coupled
to the generator and the output of the generator
reduced by an atterinator until the receiver out-
put is equal to some predetermined standard
value.” The amplitude of the signal generator
output may be reduced to several microvolts
where the receiver sensitivity is fairly high.

1t'is, of course, necessary for the generator out-
put terminals to be the sole source of energy for

“t

10

the receiver if the measurement is to have any -

meaning. Unfortunately, however, this is' not
easily accomplished, since & certain amount of

leakage is usually found, particularly at high.

frequencies. For this reason, signal generators
are always carefully shielded. “However, shiclding
which is satisfactory in the low and even in mod-
erately high frequency ranges is entirely inade-
quate in ultra high frequency or microwave
ranges. ' B

T have discovered that the. principal cause of
leakage is the relatively poor contact between
the main portion of the container and removable
portions, such as doors and partitions, which of
necessity cannot be welded or soldered into place.
For example, tuhe Ijeplaceme_x;ts must sometimes
be made, and it is therefore customary to provide

one or more removable sections which are nor- :

mally retained in place by thumb or machine
screws. Phosphor bronze springs bearing on the
surface of the removable section are of some help,
but they do not solve the problem. The result
is that it has heretofore been éxtremely difficult
to keep the leakage radiation down to a proper
level. Another source of trouble is the leakage
which occurs through _
meters and controls which are mounted in the
frent panel of the generator. :

n secnrdance with the present invention, this

rediatien or leakase Is ninimized. by providing

anti-resonant cavities-or compartments-in which |

the enevgy leaking through the removable sec-
tions of the shield is tuned- out.
the shiekding container itself is‘made to have such

a size that it is non-resonant at the desired oper-

at'ng frequency. ) ) S
Additional objects of this invention include the
provision of an improved method of and means -

Alternatively, -
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and around the various
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"vide 'access to the

for preventing radiation loss from a source of
ultra high freguency energy; the provision of an
improved system for preventing radiation through
and around instruments mounted. in the panél of
a radio device; the provision of an improved at-
tenuator for a signal generator, and the provision
of an improved capacitor arrangement for in-
suring adequate bypassing on conductors which
may have standing waves along their length.

This invention will be better understod from
the following description when considered in con-
nection with' the accompanying drawing, and its
scope is indicated by the appended claims,

“Referring to the drawing, » :

Figure 1 is & simplified drawing of a shielding
system in accordance with the present invention;
and Dot ,

- migure Zis a view, partly in cross-section, of an
ultra high frequency generator embodying this
invention. '

-Similar- reference -numerals refer to similar
parts ‘throughout the several figures of the
drawing. - oo :
“mig. 1 illustrates a high frequency energy
source 3, which is an oscillator, amplifier or any
other radio apparatus which requires shielding to
prevent radiation or to protect it from high fre-
quency energy in the surrounding area, This
-device is mounted in a shielding container § which
is, for example, a metallic box closed on five sides
by solidly welded or soldered -sections, or con-
structed in one piece, through which no leakage
can occur. The sixth side 7 is removable to pro-

apparatus. The removable
side T may be a hinged door or a removable plate
held in place by screws, or any other construction
which is expedient. As pointed out above, how-
ever, even when the abutting surfaces are clean
and tight some leakage will occur, and this in-
creases from day to day as the contacting sur-
faces of the metal oxidize. To minimize this

‘leakage radiation; a second removable shielding
member § is provided, which forms a cavity ig -

adijacent the first removable section 7. The in-
ventor is aware, of course, that it is not new to

“provide merely two-shields in the place of one.
“Whet is new, however, is the discovery that radia-

tinn can'be moré nearly eliminated by making the
size of the cavity 18 such that it is anti-resonant
at the operating frequency. This is true even
when there.is relatively poor contact between the
container 5 and the two shielding members T and
. . They may even contain small aperfures there-
in for ventilation without affecting their oper-
ation.
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It is known that when radio frequeney energy is
introdtuced Into o compartment which is relatively
large with respect to the wavelengih of the
energy, standing waves may ke seb up therein by

resgon of the successive refiection of the waves

Trom the walls of the compartment. By adjust.
ing the dimensions of the compariment, an op-
timum value will be found at which the fleld in-
tensity will be & maximum. Such o condition is
utilized in the so-called “resonant cavity” oscillg-
tors, and the lke, as is well known.

On the other hand, a further adjustment of
the dimensions may be made to determine g con-
dition of minimum field intensity, which is here-
In termed g condition of antl-resonance. These
mexima and minima may readily be determined
by means of a radio frequency voltmeter snd a
simall test prod which is introduced into the cav-
ity. I have found that when the compartment
£8 is adjusted in this manner to a condition of
ti-resonance, substantially ali the undesired
iztion from the device 3 is eliminsted. The
adjustment is quite critical, and means should
e orovided for making an gecurate adjustment.
Buch & mesns Is illustrated in Fig. 2, o which
reference is now made.

The redio device 8 i3, in this case, & magnetron
ogcillator which is mounted in & metallic shield-
ing coniziner E, one end of which is closed by 2
rvemovable partition 7, Iweld in place by thumb
serews i, for example. The same end of the
main shield is also closed by 2 felescoping lid 8,
which snugly fits arcund the open end of the
mzin compartment to form the anti-resonant
comnpartment with the removable partition.

cacllitate quick adjustments of the appara-
tus, an adiusting means is provided which per-
mitg the lid {o be removed and replaced exactly
in ite former position without meking necessary
% complete resdjustment of the device. This is
accomplished by providing one or move adjust-
ing screwg {8, preferably two, which are thread-
&1 collars §5 mounted on the Ud 8. Each
adlusting screw is provided with an annular slot
st its end adapted to be engazed by a ratchet
{8 of & holding mechanism {7. When the ratch-
et is releaseq the adjusting screw and the entire
iid may be removed. It may also be replaced in
exactly its foriner position without the necessity
of making readjustments. Coarse przliminsry
adiusbments are made by loosening the set screws
{8 and {8 which hold the collars 5 in piace.

Suipub from the generator is taken from o dl-
pole entenne 2§ which terminates a telescoping
aable trensmission Hne 43 mounted within tels-
seoeping shielding cylinders 28 andg 27. Adjust-
ment of the length of this line for tuning it to
resonaiice s accomplished by means of a rack
and gear arrangement $8. The Inner end of thig

iine terminates in & shori length of conductor 58,
the entire line s welj as the shielding cylinder 27
being movably mounted in & fAxed shielding can

N
wed

mounted on the main generator box 5, The
entbire line 25 is moved by 2 rack and gear 37 to
vary the ouiput. The sitenustion ratic is indi-
ceted by & pointer 86 and scale 29,

The conductor-3! iz parallel and coupied o
the heater element 89 of 8 thermocouple 4. This
thermocouple is mounied In an evacuated glass
enveleps having a fiat end paraliel to the heater
element. The heater is placed as close as POSSi-
ble to the envelope to obtain the maximum cou
piing between the heater element and the output

transmission line. The leads within fhe thermo-

couple are preferably spaced apert o distance
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equal to the spaciug of the nput tranemission
line 43 to which fthey are sonnsected, thus form.
ing an uninterrupted coniinuation of the iine
The couple is connected to the middie of the
heater, and is at right ongles to it to prevent
coupling. The Input line eouples the oscillator
or source 8§ to the thermocoupie. Its iength is
adjustable snd, since the thermoecouple enéd is
preferably fized, the entire oscillator assembly is
mounted on wheels and its position is controlied
by & screw adjustment 485, ‘

The heafer element of the thermocouple con-
stitutes the terminating impedance of the line,
and also functions as the coupling element be-
tween the inpub and output transmission [ines.
The cutput energy may be attenusted to any
desired value by increasing the spacing between
the two lines. An important advantage of this
arrengement is that the D.-C. current derived
irom the thermocouple element and indicated by
& meter 47 is proportions] to the current fiow-
ing in the coupling element itseif. This is not
50 in previous systems in which the thermocou-
ple is usuelly conmected in paraliel with the lne,
and not used as a coupling slement. In the prior
arrangement the leads between the point of eou-
pling and the heater are sufficient to ceuse the
current in the heater fo be guite diferent from
that in the coupling conductor. In the present
arrangement it will be appreciated aiso thet this
condition exists no matter kow the transmission
lines are tuned or deiuned. On the contrary, in
the former srrangement the line gnd the con-
ductors to the thermocouple must be tuned of
all times to maintain the calibration of the de-
vice,

It will be observed that the output meter 47
Is mounted in the anti-resonant compartment.
Normally the meter would permit considerable
radiation from within the generator, bui in the
present instance the wave energy in the come
partment is & minimum, as pointed out above,
s0 that this radiation is greatly reduced. Whiie
the meter has been illustrated in the removable
anti-rescnant compartment 8§, it will be appre-
ciated that the meter may be mounted In the
other end of the generator and a szecond snti-
resonant compartment provided {o take care of
the output meter snd any other conirocls or
meters which are empioyed,

Particular attention iz directed to the unigue
by-pass capacitor 48 which is utilized to remove
all traces of radio frequency energy from the
BD.-C. lesds connected to the meter 47, °Fhis
capecitor comprises & block of brass, siuminun
or similar material, Bf, hsving two holss drilled
therethrough. The dirension of the biock along
the axis of the holes is approximaiely 2 quarier
wavelength 2t the average operating freguency.
Its widin is of the same order, while itz length
is of sny convenient dimension and will depend
upon the number of conductors which are to bz
filtered. Tt will be understeod that any number
of sections meay be provided, aithough only iwo
nave been iNustrated,

'The block is securely mounted on the ghield-
ing contalner ¥, or on the partition 7, although
the former arrsngement is more conveaiend
Zach conductor vpasses through the holes DT
vided in the brass block, and $o increase the ca-
pacity between the lead and the grounded block
discs 88, 85 may be soldered tc the ieads sd-
jacent each surface of the block, and insulated
therefrom by suitable insulators such as mics SY
the like,

i
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The purpose of this arrangement is to make
certain that the leads are grounded at a point
which is not a voltage node. Since the leads are
effectively grounded through & length equal to a
quarter wave, some point within the block will
necessarily be that corresponding to a voltage
loop, and hence the grounding will be effective.
This arrangement is particularly advantageous
where the device i§ operated over a wide range of
frequencies, since the bypassing will be uniform
and equally effective notwithstanding changes in
the standing waye distribution along the lines.

The invention thus involves an improved anti-
resonant shielding system for ultra high fre-
quency radio devices, and is not restricted to the
particular embodiment thereof. It is to be un-
derstood that many different embodiments of
this invention will occur to.those skilled in the
art. This invention, therefore, is to be limited
only by the prior art and the spirit of the ap-
pended claims. Claims specific to elements
shown and described but not covered by the ap-
pended claims will be found in my copending ap-
plication, Serial No. 400,488, filed June 30, 1941,
for Indicators. .

T claim as my invention:

1. In a radio device, a shielding container en-
closing a source of ultra high frequency oscilla-
tions, a removable partition dividing said con-
tainer into separate compartments, one of said
compartments containing said source, the size of
the other of said compartments being adjusted to
a condition of anti-resonance at the frequency
of said oscillations whereby the electric field
strength in said other compartment due to leak-
age around said removable partition is mini-
mized.

2. A shielding container for preventing unde-
sired radiations from a source of ultra high fre-
quency oscillations, said container having a re-
movable inner wall to provide access to the in-
terior of said container, and an outer wall ad-
justably spaced from said inner wall, the dis-
tance between said walls being such that at said

ultra high frequency an antiresonant condition is

produced and the electric field intensity therebe-
tween is minimized.

3. An ultra high frequency oscillation genera-
tor including a source of ultra high frequency

oscillations, a shielding container enclosing said :

source and having a removable portion to pro-
vide access to the interior of said container,
an adjustable shielding member spaced from
said removable portion and forming a closed

anti-resonant compartment at the operating fre- .

quency of said generator, whereby leakage ra-
diation around said removable portion is mini-
mized.

4. An ultra high frequency generator includ-
ing a source of ultra high frequency oscillations,
g shielding container for said source having 2
removable end portion, leakage around said end
portion causing undesired radiations from said
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generator, and an adjustable shielding compart-
ment enclosing said end portion, sald compart-
ment being adjusted to a condition of anti-
resonance at the operating frequency to mini-
mize standing waves in said shielding compart-
ment. .

5. An ultra high frequency generator includ-
ing a source of ultra high frequency oscillations,
a shielding container having a removable end
portion, leakage around said end portion causing
undesired radiation from said generator, & shield- .
ing compartment enclosing said end portion, and
means for slidably adjusting one dimension of
said compartment to form an anti-resonant cav-
ity at said operating frequency to minimize
standing waves therein and minimize said un-
desired radiation.

6. In an ultra high frequency generator, a
source- of oscillations, a shielding container for
said source, said container having a removable
end portion, a shielding compartment enclosing
said end portion, means for adjusting said com-
partment to produce an anti-resonant condition
therein at the operating frequency of said source,
and means for deriving output currents from
said source. :

7. In a radic device, the combination compris-
ing a shielding container, an ultra high fre-.
quency radio device within said container, said
container having a removable wall portion to
provide access within said container, an adjust-
able member constructed to slide telescopically
over said shielding container so as to enclose
said removable portion and form therewith an
antiresonant compartment at the operating fre-
quency of said device whereby leakage around
said removable portion is minimized.

3. An ultra high frequency radio device which
includes the combination of a source of ultra
high frequency oscillations, a shielding container
for said source, said container having a remov-
able end portion, and means adjustably mounted
on said container for forming with said end
portion an antiresonant compartment at the op-
erating frequency of said device whereby leakage
around said removable portion is minimized.

9. An ultra high frequency radio device which
includes, in combination, a source of ultra high
frequency oscillations, a shielding container for
said source, a section of said container being
removable to give access to said container, means
mounted on said container forming a closed com-
partment with said section, and means for slid-
ably adjusting the position of said last-named
means to tune said compartment to a condition
of antiresonance at the operating frequency of
said device, whereby standing waves in said com-
partment due to-leakage around said section are
minimized and leakage radiation from said con-
tainer is also reduced.

ERNEST G. LINDER.




