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This invention relates to ultra high frequency 

radio devices, and more particularly to an im 
proved shielding system for microwave radio appa- . 
ratus. It has for its principal object the provision 
of an improved microwave signal generator. 
The use of signal generators in aligning, testing 

and measuring radio receivers and other radio 
apparatus 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 attenuator 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. 

It is, of course, necessary for the generator out 
put terminals to be the sole source of energy for 
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the receiver if the measurement is to have any 
meaning. Unfortunately, however, this is not 
easily accomplished, since a certain amount of 
leakage is usually found, particularly at high. 
frequencies. For this reason, signal generators 
are always carefully shielded. However, shielding 
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. 

I 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, tube replacements 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 extremely difficult 
to keep the leakage radiation down to a proper 
level. Another source of trouble is the leakage 
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which occurs through and around the various 
meters and controls which are mounted in the 
irrnt panel of the generator. 
Tn accordance with the present invention, this 

rasiation or seakage is minimized by providing 
anti-resonant cavities or compartments in which 
the energy leaking through the removable sec 
tions of the shield is tuned out. 
the shielding container itself is made to have Such 
a size that it is non-resonant at the desired Oper 
ating frequency. - . . . 

Additional objects of this invention include the 
provision of an improved method of and means 

Alternatively, , 
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vide access to the apparatus. 

for preventing radiation loss from a source of 
ultra high frequency energy; the provision of an 
improved system for preventing radiation through 
and around instruments mounted in the panel 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 a simplified drawing of a shielding 

system in accordance with the present invention; 
and . . . . . . . . 

Figure 2 is 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. . . . . x . Fig. 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 5 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 is removable to pro 

The renovable 
side 7 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 9 is provided, which forms a cavity iO 
adjacent the first removable section 7. The in 
Ventor is a Ware, of course, that it is not new to 
provide merely two-shields in the place of one. 
What is new, however, is the discovery that radia 
tinn can be more nearly eliminated by making the 
size of the cavity f 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 7 and 
9. They may even contain small apertures there 
in for ventilation without affecting their oper 
ation. 
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it is; ii) own th: Wher radio equency exergy is 
introit Eced into a corpartiaert, which is relatively 
large with respect, to the weyelength of the 
energy, standing waves may be set ig, therein by 
reason of the successive reflection of the waves 
iron the walls of the coing artinent. By adjust 
ing the dimensions of the corpsrtrexat, as on 
tinuin Value Will be found a which he fied in 
tensity will be a maximun. Such a conditioya is 
utilized in the so-called "resonant, cavity' oscilia 
tors, aid the like, as is well kic Win. 

Cf. the other hand, a further adjust2net of 
the dirensions inay be made to determine 8, co 
dition of minimum field intensity, which is here 
it taried a condition of anti-resonance, these 
in agina, and minima may readily be determined 
by Iisails of a radio frequency Woltnetter and a 
Sinai test prod which is introduced into the cav 
ity, i have found that when the compartment 
EE is aijlsted in this manner to a condition of 
2:ii-resolance, substantially all the undesired 

tio: f'ois the device 3 is eliminated the 
adjustment, is quite critical, and means should 
8 provides; for in aking an accurate adjustment. 

Suicin a tears is illustrated in Sig. 2, to which 
reference is now nade. 

he radio device 3 is, in this case, a magnetron 
oscillato' which is Yicuted in a setailic shield 
ig containe , one end of which is closed by a 
reznovajoie partition , held i? place by thumb 
screws 6, fog example. Ehe sagine end of the 
Emain shield is also ciosed by a keiescoping lid 9, 
which Snugly fits around the open end of the 
frain co: partment to for in the anti-resonant 
coipalitient with the renovable partition. 

So faciliate guick a justineEts of the appara 
is, ari adjusting means is provided which per 

imits the lid to be removed and replaced exactly 
ig its former position without naking recessary 
3 complete readjustinent of the device. This is 
{{ccosiglished by providing one or note adjust 
ing sciety's 3, preferably two, which are thread 
se: iii.6 golia is 3 gointed or the id S. 33ch 
djusting screw is provided with an annular slot 

at its eid adapted to be engaged by a ratchet 
of a holding rechanisi. . Wheir the retch 

et is released the adjusting screw and the entire 
lid Enay be removed. It may also he replaced in 
exactly its forzaei positioi without the necessity 
of finaking 'eadjustine; S. Coarse prelianitasy 
3 disei is airs assie by loosei?g he set; Screws 
is and & which hold the collars 85 in piace. 

3.x:p?i, froii ne generatio is aken groat a ii. 
gile ariteras, 2 which terrigates a, eiescoping 
tix airie is:issior iis& 33 Ritu Ynted within tele 
Steping sihielding cylinders 23 and . Adjust 
aezai, Ci tie ength cit this line for uning it to 
resonance is accomplished by means of a rack 
arid gees arrangement 35. it he inner end of this 
line terrainates in a short ength of conductor & , 
the entire line as well as the shielding cylinder 22 
eizig inovably incurated in a fixed shielding can 

33 raounted or the Inai generator bo: 5. The 
exiii'e line 28 is moved by a rack and gear 38 to 
wary tie output, he sittenuation satio is iii. 
cated by a gointer 33 and scale 22, 

he cosidictor 33 is paralliei and cougiei to 
tile ae&ter eleinerai, 39 of 8, thermocougle 3. Eis 
their 20:5ipie is incunted in ax evacuated glass 
(envelope having a fiat end parallel to the heater 
elerleint. The heater is placed as ciose as possi 
ble to the envelope to obtain the insaximum cou 
piling yetween the eater element and the output, 
transiaission line. The isads within the thermo 
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2,298,3's 
equal to the spacizag of the nut transmissing: 
line 3 to which they are or nected, thus forgia, 
ing at, uninterripted xintinuation of the line. 
The couple is connected to the middle of the 
heates, and is at right singles to it to prevent 
coupling. The input line couples the oscillator 
or source 3 to the thermocouple. Its length is 
&djustable Brid, since the therm{couple end is 
referably flized, the eatire oscillator assembly is 

in ou:ated on wheels and its position is controlled 
by a screw adjustinent S. 
The heater elserient of the thermocouple con 

Stittites the terriagiiig impedazce of the ire, 
and also functio2S as the coupling eienent, be 
twee: the input, sing output transmission lines. 
The output energy saay be attenuated to any 
desired value by it creasing the spacing setweera 
the two lines. An irnportant advantage of this 
arrangerient is that the O.-C. current derived 
from the thermocouple element and indicated by 
a meter it is proportional to the current flow. 
ing in the coupling eleinent itseis. This is got, 
so in previous systems in which the thermocou 
ple is usually corrected in paralia) with the jize, 
and not used as a coupling element, in the prio: 
arrangerinent the leads between the point of co 
pling and the heater are sufficient to cause the 
current in the heater to be quite different from 
that in the coupling conductor. In the present, 
arrangement it will be appreciated also that this 
condition exists no matter it w the transmission 
lines are itined or diei, uned. On the contrary, is: 
the former arrangement the line &nd the con. 
ductors to the thermocouple must ba tuned it; 
all times to maintain the calibration of the de 
Wice. 

It will be observed that the output meter 
is mounted in the anti-resonant comparisherit. 
Norn ally the meter would per?nit, consideraie 
radiation froii within the generator, iii, i &is 
present instance title wave energy in the cozia. 
partment is a raininun, as pointed out sic'7e, 
So that this radiation is greatly reduced. Whiie 
the netter has been illustrated ir tine renoy2ile 
sinti-rescina it compartnext 9, it will be appre 
ciated that the meter may be mounted in tic 
other end of the generator and a secozad anti 
resonant Cornpartment provided to aise care of 
the output aeter and any other coniirois 3: 
Yeters which are employed, 

articular attention is directed to the urigie 
by-pass capacitor 39 which is utilized to regiove 
all traces of radio frequency energy from tie 
S.-C. leads connected to the eter . . iiis, 
cap3.citor corprises a block of brass, aiminium 
or sing: lar material, 5 , having We holes irile. 
theretfirough. The diaension of the joiocs along 
the axis, of the holes is agproximately a quarter 
Waveiength at the average operating frequency. 
its widin is of the same order, while its ength 
is of &ny convenient dimension azid will depeni 
upon the number of conductors which site to ge 
filtered. It will be understood rai, any nurse 
of sections inay be provided, although only ye. 
ave b2e; iiisitates, 
The bioci is securely in ounted or the shield:- 

ing 3oEstaigher 5, or on the partition , stoigt. 
the former arrangement is giore convenieri. 
Each Conductor gasses througin the holes grc 
vided in the brass block, and to increase the ca 
pacity between the lead and the grounded blocit 
discs 53, 55 may be soldered to the ieads ad 
jacent each surface of the block, and insulated 
therefron) by suitable insulators such as mics, or coli:le are preferably spaced 8 part, 3 dist3nce 75 the liike, 
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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 a 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 is operated over a wide range of 
frequencies, since the bypassing will be uniform 
and equally effective notwithstanding changes in 
the standing wave 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. 
I 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 
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vide access to the interior of said container, and 
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 
nized. 

4. An ultra high frequency generator includ 
ing a source of ultra high frequency oscillations, 
a shielding container for said source having a 
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, said 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, a 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 radio 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. 

8. 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. 

  


