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This invention relates to means for preventing 
Or reducing the undesired escape of high fre 
quency energy. 

It is coininon practice in connection with high 
frequency apparatus to provide conducting en 
cloSures in Screens for those parts which are 
liable undesirably to radiate high-frequency en 
ergy. 
The escape of energy can be prevented where 

the conducting surface is continuous, but where 
even Small gaps occur at the abutting edges of, 
for example, the lid of a screening box and the 
box itself, a leakage path is provided permitting 
energy to escape at ultra-high-frequencies, par 
ticularly at centimeter wavelengths. Further, in 
SOrne CaSES, it is neceSSary to provide an aper 
ture or apertures in said enclosure in screen 
through which one or more conductors are passed. 
For example, the one or more conductors may 
COinprise leads for Supplying D. C. Or low-fre 
quency A. C. to the high-frequency apparatus 
contained within a screening box or said conduc 
tor or conductors may comprise a shaft or shafts 
to enable the apparatus within the screening box 
to be mechanically adjusted from the exterior of 
the box. In these cases also, at ultra-high-fre 
quencies, undesirable escape of energy will oc 
cur through the Said aperture or apertures. 
The object of the present invention is to pre 

Went or reduce the escape of energy through a 3 
leakage path, due to a discontinuity or a con 
ducting enclosure in Screen, provided for exam 
ple by a gap between the lid of a screening box 
and the box itself, or being due to the provision 
of an aperture or apertures. 
According to one features of the invention 

there is provided apparatus comprising a source 
of high frequency energy and a conducting en 
closure or screen for said source wherein, in 
order to reduce Substantially the undesired escape 
of said energy from a discontinuity in said en 
closure or Screen affording a leakage path, a path 
is provided branching from said leakage path, 
said branch path being so dimensioned as to be 
resonant at said high frequency to provide a high 
impedance effectively in series with said leakage 
path. 
Said leakage path is preferably so dimensioned 

as to be resonant at said high frequency so as to 
present in effect a low impedance subsequent to 
and in Series with said high impedance. 
According to another feature of the invention 

there is provided a conducting enclosure Or 
Screen for high frequency energy wherein, in Or 
der to reduce substantially the undesired escape 
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of Said energy from a discontinuity in said en 
closure or Screen affording a leakage path, a 
path is provided branching from said leakage 
path, Said branch path and part or whole of said 
leakage path being both so dimensioned as to be 
Í eSOnant, at a predetermined high frequency so 
as to present to the energy which tends to escape 
a high impedance in series with a subsequent low 
in pedance. 
According to another feature of the invention 

there is arovided apparatus comprising a source 
of high frequency energy and a conducting en 
closure or Screen for said source, said enclosure 
havirig a leakage path through which an unde 
Sired escape of high frequency energy can occur, 
wherein Said leakage path is made of a length so 
as to be resonant at said high frequency so that 
it presents a low impedance to the energy that 
tends to escape, whereby the escape of said en 
ergy is reduced. 

ihe branch path may take a variety of forms 
as Will be hereinafter more fully referred to, but 
preferably said branch path is effectively sub 
Stantially a quarter of a wavelength long at said 

5 predetermined frequency and is short-circuited 
at One end. 

If desired, said leakage path prior to said 
brainch gath can be made resonant to the energy 
that tends to escape so as to present at the com 
Inence1lent of said leakage path a low impedance 
winereby the energy which is permitted to flow 
into Said ieakage path is Smaller than would 
Otherwise be the case. 
In order that the invention may be clearly 

understood and readily carried into effect, vari 
ous embodiments of the invention will now be de 
scribed With reference to the accompanying 
drawings in which: 

Figure shows a cross-sectional view of a part 
of a Screen for housing high-frequency apparatus 
and eabodying one construction according to 
the invention for reducing or eliminating escape 
of energy through an aperture in a screen 
through Which a conductor passes, 

Figure 2 is a view similar to Figure 1 illustrat 
ing a modification, 

Figure 3 illustrates a form of the invention 
Similar to that shown in Figure 1 as applied to 
a Screen in Which a pair of concentric shafts pro 
ject through an aperture in said screen, 

Figure 4 shows diagrammatically in cross-sec 
tion a simple form of screening box embody 
ing the invention for the purpose of reducing or 
eliminating the escape of energy between the lid 
of the screening box and the box itself, and 
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Figures 5 and 6 show modifications of the con 
Struction shown in Figure 4, 

Figure 7 is a modification of the construction 
of Screening box showin in Figure 4 with a view 
to providing a more compact construction, 

Figure 8 is a cross-sectional view of a portion 
of a screening box embodying a further form of 
the invention, and 

Figure 9 is a view similar to Figure 8 illustrat 
ing a modification of the arrangement shown in 
Figure 8. 

Referring first to Figure 1 of the drawings, the 
reference numerai 3 indicates a portion of a con 
ducting screen for surrounding high-frequency 
apparatuS, not ShoWin, the Screen having an aper 
ture 4 through which extends a lead 5 serving to 
Supply D. C. or iow-frequency A. C. to parts of 
the apparatus enclosed within the screen 3, the 
apparatus being assumed to lie on the left-hand 
side of the screen as viewed in the drawing. With 
such an arrangement it will be found that high 
frequency energy will escape through the leakage 
path afforded by the discontinuity, i.e., the aper 
ture 4 in the screen. In order to reduce or elimi 
nate this escape of energy a conducting sheath. 6 
is provided surrounding the lead 5 connected at 
One end to the screen 3 in the vicinity of the 
aperture 4. Surrounding the lead 5 in the ex 
ample shown, are two tubular conductors and 8 
each closed at one end and connected at said end 
to the lead 3 so providing branch paths for high 
frequency energy tending to escape through the 
aperture 3. The Space between the sheath 6 and 
the tubular conductors and 3 and the Space 
between the latter and the lead 5 may be filled, if 
desired, With suitable insulating material, al 
though this is not essential since air-spacing of 
these elements is sufficient. The effective length 
of each tubular conductor and 8 is such as to 
give quarter wave resonance at the frequency of 
the high-frequency energy that tends to escape, 
the physical length of those conductors depend 
ing, of course, on the dielectric medium between 
the conductors and the lead 5. The length of 
the sheath S is Suficient to enclose both the tubu 
lar conductors and 8, and although in the ex 
ample ShoWn two tubular conductors are emi 
ployed, it will be appreciated that, if desired, only 
a single tubular conductor, or more than tWO 
tubular conductors, may be used, the length of 
the sheath 6 being suitably chosen accordingly. 

It Will be observed from Figure 1 that there is 
no direct connection between the lead 5 and the 
Screen 3 so that the lead 5 is insulated from the 
Screen. So far as D. C. or low-frequency A. C. is 
concerned. Any high-frequency energy, however, 
which tends to flow towards the aperture 4 
through the sheath 6 is confronted by the branch 
path formed by the conductor . Since the length 
of the conductor is such as to resonate at the 
high frequency which it is desired to suppress and 
is short-circuited where it is connected to the 
lead 5, the impedance presented by the branch 
path to the energy which tends to escape is very 
high. The path between the sheath 6 and the 
conductor , which is part of the leakage path, is 
So dimensioned as to resonate at said high fre 
quency as an open-circuited quarter wave line 
and hence its in pedance, as viewed from the left 
hand end of the lead 5 is very low and is in series 
with and Subsequent to the high impedance re 
ferred to. The energy which tends to escape is 
thus confronted by a high impedance in series 
with a low impedance and hence substantial at 
tenuation occurs. The energy which ultimately 
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4. 
escapes past said high and low impedances is 
again confronted by two similar impedances, One 
of these, namely the circuit presented by the 
iead 5 and the tubular conductor 8, constituting 
a Second branch path which presents a high in 
pedance. The other, namely the circuit consti 
tuted by the tubular conductor 8 and the sheath 
6 is a further portion of the leakage path and 
is of low impedance so that further attenuation 
of high-frequency energy occurs. If it is found 
that two tubular conductors 7 and 8 with their 
surrounding sheath 6 are insufficient to produce 
a sufficient attenuation, further tubular con 
ductors may be employed so as to obtain any 
desired attenuation. Thus since the escape of 
energy from the aperture 4 is substantially pre 
vented, the flow of high frequency current along 
the lead 5 is also Substantially prevented 

It is, of course, immaterial which end of each 
tubular conductor is connected to the lead 5 and, 
furthermore, it is immaterial whether the sheath 
6 and the one or more tubular conductors project 
within the screen 3 or project on the exterior of 
the screen 3. Furthermore, it is not essential to 
short-circuit the tubular conductors and 8 to 
the lead 5 since, as shown in Figure 2, these con 
ductors can be short-circuited to the sheath 6. 
The operation of the construction shown in Fig 
ure 2 is similar to that described with reference 
to Figure 1, although in this case the high im 
pedance circuits are presented by the tubular con 
ductors short-circuited to the sheath 6 and the 
low impedance circuits are presented by the lead 
5 and the tubular conductors and 8. It will of 
course be understood that in Figure 2 the low 
impedance circuits will still be present even if 
the lead 5 were omitted. 
In Figure 3 an arrangement similar to that 

shown in Figure 1 described above is illustrated 
as applied to shafts projecting through a screen 
3, the shafts being employed for mechanically 
adjusting apparatus contained within the screen. 
In this Figure the shafts project through the 
aperture A in the Screen 3, one shaft being in 
dicated by the reference numeral 9 arranged con 
centrically with respect to the aperture, whilst 
the other Shaft 10 is of tubular construction, con 
centric and Surrounding the shaft 9. Such shafts 
may, for example, be employed for the coarse 
and fine adjustment of a hollow resonator. In 
order to reduce escape of high-frequency energy 
between the shafts 9 and 0 and the aperture 
4, tubular conductors , 2 and 3 are attached 
to the shaft 9 and tubular conductors 4, 5 and 
6 are attached to the shaft 0, these conductors 

being similar to the conductors 7 and 8 described 
with reference to Figure 1. The function of the 
Construction shown in Figure 3 of the accompany 
ing drawings will, it is thought, be readily ap 
preciated since it is analagous to the operation 
of Figure 1. 
Figure 4 of the drawings illustrates the inven 

tion as applied to a circular metal screening box. 
Such forms of screening box require that the lid 
of the box be removably mounted in position to 
permit of access to the apparatus within the box. 
Providing the lid to the box could be made to fit 
perfectly to the base of the box no power could 
eScape. However, Such a fit is not practicable 
and, consequently, owing to the discontinuity in 
the Screening between the lid and the base of the 
box due to the small gaps which will inevitably 
result owing to the imperfect fit, a leakage path 
Will result and high-frequency energy will escape. 
In order to reduce or eliminate escape in this 
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fashion whilst still permitting the lid of the box 
to be readily removable the lid L is arranged to 
extend between the coaxial bands r1, r2, Soldered 
to the base B of the box. The surfaces of the lids 
and bands r1, r2, overlap in such a manner that 5 
the distances a to b, b to c and b to di indicated 
in the drawing are made equal to a quarter of a 
wavelength at the operating frequency of the 
high-frequency apparatus contained within the 
screening box. The branch path in this figure is 10 
the path b to c which is effectively a quarter 
wave-length path, short-circuited at the lower 
end and thus constitutes a high impedance, as 
seen from the point b so that in combination 5 
with the path from b to di which constitutes a 
low impedance as seen from b it serves to reduce 
high frequency energy escaping along the path 
between b and d. Due to the surface a to b which 
overlaps the lower edge of the lid I, the leakage 
path, in effect is extended prior to said branch 
path and is so dinnensioned, i. e., this portion of 
the leakage path is a quarter of a wavelength 
long as to present at the commencement of the 
leakage path i. e. at a a low impedance whereby 25 
the energy which is permitted to flow into said 
leakage path is less than would otherwise be the 
CaSe. 

The principle illustrated in Figure 4 may be 
extended in the manner shown in Figure 5 and 6 30 
in order more effectively to reduce the escape of 
energy. It Will be seen from Figure 5 that addi 
tional quarter wavelength branch paths are pro 
Wided and the leakage patih prior and Subsequent 
to these additional branch paths are extended as 35 
With the arrangement of Figure 4. Figure 6 is a 
modification which is less bulky from the 
mechanical point of view. A plurality of quarter 
Wavelength branch paths are arranged in series 
along the wall of the lid and co-operate with a 40 
common surrounding band, as shown. In this 
figure, however, the leakage paths of low in 
pedance prior to the branch paths are not em 
ployed and the operation is similar to that de 
scribed with reference to Figure 1. 45 
The Overall height of a screening box and the 

Co-operating bands may be conveniently reduced 
if desired by using a solid dielectric material 
having a large dielectric constant (K) as the 
medium between the overlapping surfaces of the 
box and bands, or the edge of the box may rest 
upon such a dielectric material. The requisite 
quarter Wavelength path may thus be reduced 
in the ratio 
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In applying Such a proposal to the screening 
box shown in Figure 4, the space between the 
points a and c is filled with a suitable dielec 
tric material and the distances G. to b, b to c 
and b to di lesSened accordingly, although 
still effectively equal to quarter Wavelengths. Al 
ternatively, the space between b and c may be 
filled with a solid dielectric material and the 
edge of the lid L. may then rest on the dielectric. 
The distances a to b and b to di in this case will 
still be equal to a quarter of a wavelength with 
air as the dielectric, but the distance b to c will 70 
be reduced depending upon the dielectric con 
stant of the material selected, although still pre 
senting a quarter wavelength path. 

Figure 7 illustrates a further form of Screening 
box in which the lid L. can rest directly on the 75 
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6 
base B of the box and projects between two 
bands r1, r2, the band r2, however, being of the 
form illustrated, that is to say, it projects up 
Wardly from the base B and is provided With an 
extension r3 which extends between the band r2 
and the lid L. The construction shown in this 
figure provides a single branch path with the 
leakage path extended prior and subsequent to 
the branch path as in Figure 4. 

Figure 8 of the accompanying drawings illus 
trates a further embodiment of the invention as 
applied to a screening box of circular or other 
suitable form, the box comprising two portions 
8 and 9 the periphery of the sections 8 and 9 

being enlarged as shown in cross-section in the 
figure. The portions 8 and 9 are shown spaced 
apart at their enlarged peripheries, but in prac 
tice these adjacent surfaces may abut. In order 
to reduce or prevent the escape of high frequency 
energy through the leakage path formed by the 
abutting surfaces, an annular channel 20 is 
formed in the portion 8, this channel extend 
ing around the periphery of the portion 8. The 
channel 2 forms a branch path and the length 
of the said path is arranged to be a quarter of 
a wavelength at the operating frequency of the 
high frequency apparatus contained within the 
screening box. The branch path thus presents 
effectively a high impedance in series with the 
leakage path and serves to effect Substantial at 
tenuation of high frequency energy. The length 
of the leakage path indicated at 21 prior to the 
branch path 20 is also dimensioned to be a 
quarter of a wavelength long so that the imped 
ance at the commencement of the branch path 
is low and hence the amount of energy Which 
can pass through the leakage path is Smaller than 
would otherwise be the case. The portion of the 
leakage path indicated at 22 subsequent to the 
branch path 28 is also dimensioned to be a quar 
ter of a wavelength long so as to present as low 
an impedance as possible in effective series rela 
tion with said high impedance so that leakage 
through said leakage path is lower than would 
otherwise be the case. 

Figure 9 is a modification of the ar l’angement 
shown in Figure 3. In this figure the arrange 
ment of branch and leakage paths 20, 2 and 
22 is similar to that described With reference to 
Figure 3 except that their disposition is changed 
relatively to the screening box to enable the pe 
riphery of the portion 8 to enclose the periph 
ery of the portion 9. 
Although in the various embodiments described 

above reference has been made to paths which 
are a quarter of a wavelength long, it will be 
understood that the invention is not limited to 
paths of this length since it Will be obvious that 
the dimensions of the paths may be substantially 
equal in length to an odd number of such quarter 
wavelengths, which length is effectively equal to 
a quarter of a wavelength so as to be resonant at 
the frequency of the energy which tends to 
eScape. 

If desired, such branch path may be made 
effectively equal to a half-wavelength of the high 
frequency energy so as to be resonant at the fre 
quency of the energy which tends to escape, said 
branch path however being open-circuited at its 
end remote from the leakage path, so as to pro 
vide said high impedance. In such a case, in 
order to prevent energy from escaping at the 
open-circuited end of said branch path, the latter 
end may open into a cavity of suitable dimen 
sions. Such an arrangement could be applied to 
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the embodiment shown in Figure 3 of the accom 
panying drawings. 
What I claim is: 
1. Means for preventing the escape of high fre 

quency energy through a discontinuity in a 
screen for said energy, there being a conducting 
member passing through said discontinuity, said 
discontinuity and said conductive member pro 
viding a leakage path through said screen, said 
means including a conducting sheath member 
Surrounding Said conducting member and con 
nected to said screen, a supplementary conductor 
within and lying parallel to said sheath and con 
nected to one of said conducting members, said 
supplementary conductor having an electrical 
length of the order of one quarter of the Wave 
length of said high frequency energy. 

2. Means for preventing the escape of high fre 
quency energy through a discontinuity in a screen 
for said energy, said discontinuity providing a 
leakage path through said screen, said means 
including a number of branch paths in Series 
With Said leakage path, said branch paths each 
having an electrical length substantially equal 
to one quarter of the wavelength of said high 
frequency energy, and being short-circuited at 
the end remote from the point of connection 
in series with said leakage path at least one of 
said branch paths being connected to said leakage 
path at a distance equal to one-quarter of the 
wavelength of said high frequency energy from 
the interior of Said Screen. 

3. A conductive enclosure for high frequency 
energy, Said enclosure having an aperture therein 
forming a leakage path for the escape of Said 
energy, said leakage path having one portion 
communicating With the interior of said enclosure 
and having an electrical length substantially 
equal to an odd integral number including unity 
of quarter wavelengths at the frequency of said 
energy and another portion communicating with 
the exterior of said enclosure and having an elec 
trical length substantially equal to an odd inte 
gral number including unity of quarter wave 
lengths at the frequency of said energy, said por 
tions being resonant at the frequency of said 
energy tending to escape to provide a low imped 
ance thereto, and at least one branch path con 
nected in series with said leakage path at a point 
intermediate said portions, said branch path pre 
Senting a high impedance to said energy tending 
to escape over said leakage path. 

4. A conductive enclosure for high frequency 
energy, said enclosure having an aperture therein 
forming a leakage path for the escape of said 
energy, at least one branch path connected in 
Series With said leakage path at a point inter 
mediate the ends thereof, said branch path pre 
Senting a high impedance to said energy tending 
to escape over said leakage path, and said leakage 
path having dimensions at which each portion 
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8 
thereof as measured from said point to the re 
spective ends thereof has an electrical length 
substantially equal to an odd integral number 
including unity of quarter wavelengths at the 
frequency of said energy and is resonant at the 
frequency of said energy tending to escape to 
provide a low impedance thereto. 

5. An enclosure for high frequency energy in 
cluding a conductive enclosing Wall for maintain 
ing said energy therein, there being an aperture 
in Said enclosing Wall forming a leakage' path. 
for the escape of said energy, first and second 
conductive walls arranged in concentric rela 
tionship and connected to said conductive en 
closing Wall, said conducting Walls being Spaced 
apart and having dimensions at which a branch 
path having a high impedance to the energy tend 
ing to escape along said leakage path is con 
nected in series With said leakage path at a point 
intermediate its length and substantially an odd 
multiple including unity of quarter wavelengths 
at the frequency of said energy from each end 
of said leakage path and said leakage path is 
Substantially a quarter Wavelength long at the 
frequency of saidi energy. 

6. An enclosure for high frequency energy in 
cluding a first conductive enclosing Wall and a 
second conductive enclosing wall in end-to-end 
abutting relationship, the aperture between said 
Walls forming a leakage path for the escape of 
Said energy, the abutting portion of said walls 
having a width substantially equal to a half wave 
length at the frequency of said energy, and at 
least one of said walls having a slot therein mid 
way of the width of said wall, said slot having 
a depth of Substantially a quarter wavelength at 
the frequency of said energy. 

JOHN COLLARD. 
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