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3 Clalms

1

This 1nvent1c>n relstes to radlo Wave conduct—'
. ing devices such as are useful for focusing, guid-.

i ing or otherwise eontrolhng the trsnsmlssmn or
reception of radio waves hemng a, length of the
order of one c.entlmeter or less.

It relstes more -

(Cl 178—-—44)

. the pewer transmltted between the sheets is min-

5

~ particularly to the provision of means which are
~ effective to: maintain a desired spacing between

producing undue 1nterference wrth the power
transmitted between the sheets |

In certain radio  wave devices, such a5 beam |

~ focusing and deflectlng a,ppa,ra,tas psrsllel metal
- sheets spaced less than .one- -half wave length
apart are used to confine and dn*ect the radla-

very critical, it is necessary that contsct be~
"~ tween the sheets and very w1de spscmg be-
 tween them be avoided. Also it is desirable that

the I‘ES'LlltlIlﬂ' construction be rigid snd llght in -

_Werght

The use of spscers between the sheets sub-

stantially  improves the constructlon especz.a,lly

‘when there-are areas of several square feet to
be spaced apart by a distance which is a small
fraction of an inch. However, when such spacers 4

are simple eonductrng reds the currents flowing

| - the cenductlve sheets. of snch devices mthont o

10
" scope is indicated by the appended claims.
Referring to the drawings, Figure 1 111ustrs,tes |

tion. While the spacing of these ‘sheets is not 15 |

imized, and the provision of a. conductive sheet
- spacing element wherein a central metal core

and a dielectric sleéeve surrounding it are so dis-
posed as to present a minimum of obstruction to
the passage of a 1sd10 wave between the con-

_duetwe sheets.

The 1nvent10n Tsrrll be better understeod from

the followmg description considered in connec-

tion with the accompanying drawings and its

the basic desien of the improved spacer, |
- Figure 2 illustrates a Varlstlon of Figure 1 using

‘air for a dielectric,
Figure 3 illustrates a spacer in which the d1-— |

electric sleeve is a phenolic cempeund
Figure 4 illustrates an unsymmetrical spacer

~in which the dielectric sleeve is of polystyrene,

20

~the dielectric constant of the dielectric sleeve is

“made high enough that no conductive cups at 1ts_ |
~ends are requlred to produce the reqnlred tun-

o ing,

25

~ over them . preduce reradiation or scattering of

the power transmitted between the sheets.

the spacers are 1nsulators reradiation is also pro--
“duced by the charging current through them. At 38
wavelengths of 3 centimeters and longer, certaln |

-all-metal spacers including a central rod and an

ing these nndesrred effects.

lengths, the dimensions of spacers of this ‘type

become S0 small that the spscer sﬁords very

- little mechanical support

Tective in reduc-
‘For shorter wave

-"When

- 'j-tween the metal sheets: EE and l'l of which th1s' |
wave guide is formed. |

- In the basic type of spacer 111ustratec1 by Flg-

35

- shown) to the ends of the spacer.
“may be considered S an inductance between the
sheets.

- The present invention prevides a spaeer whmh’: |

'hss the required mechanical strength and is ef-

fective over a greater band width than those
heretofore prOpesed It is. part1cu1sr1y effective
" in the case of wavelengths of 1% centimeters and -

- less and is easily fsbrlcsted In general, it in-

cludes a central metal core.which is resonated

by surroundlnrr it with g dielectric sleeve. When_
 this combination is properly tuned, it looks like a

high impedance in parallel with the low imped-

ance of the metal sheets s0 that Very httle re-_ '_
e - adjust the tunlng to the required frequency.

The over-all length of the spacer should be
. such as to provide the required spacing between
In . the example illustrated by

N ﬂectmn is produced by the spacers.

~Important objects of the invention a,re the pre-_ |
~ yision of an improved means for spacing the con~.
 ductive sheets of a radio wave conducting de-

40

tive merits of diff |
Fig. 7 is a sectrensl view of a wave cuide show-

30

F1gure 6 is a group of curves showing the rela-
erent types of spacers, and

ing spacers like those of Fig. 3 interposed be-

ure 1, there is a . centrsl rod, or member, prefer-

“ably a good conductor, such as a piece of metal

tubing 10 through which a maehme SCrew may be
passed for clamping the eonduetlve sheets (not

‘Surrounding the tube 10 is a dlelectrle

_sleeve 11 which relnferces the tube (0 to pro-

vide greater mechanical strength and serves 1o
reduce reflection of the transm1tted wave. The

sleeve if may be regsrded as a cspsertsnee in

Frgure 5 illustrates a form of spacer in whleh |

This tube' |

shunt with the inductance. of the. tube (0 by' a

45

60

“vice, the provision of a conductive sheet spacing
~ element having its d1fferent parts so arranged as

to fmm 8, resonant C1rcu1t Whereby sca,ttermg of-

50

length was 1Y eentlmeters
_'the tube m should be lsrge enough to pass the :

‘which the two are tuned to present & lngh im-
‘pedance to the eurrents which tend to. flow in

them and produee scattering ef tbe transmit-
ted power. The spacer alsoc may be provided with
metal esps or skirts 12 and {3 which fnnetmn to

the metal sheets.
Ficure 1, the lenrfth was 0. 235 inch and the wave

‘The diameter of
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desired machine screw but otherwise as smaill as

possible in order to keep the inductance high so
that the shunt impedance will be
‘resonance. In the example illustrated by Figure
1, the outside diameter of the tube 10 was 0.070
~inch and its wall thickness was 0.002 inch which
passes a No. 0-80 machine screw. The dielectric
sleeve 11 should consist of a material which is

“reasonably strong mechanically and has rela-

tively low losses. Common materials such as
polystyrene, phenolic compound

ramics are satisfactory.

“Having selected the central tube IB and the

high at

~glass and ce-'_'

 width

10

dielectric 1f to be used, tuning of the combina-

tion to the desired Wavelength may. be done by

adjusting the outside diameter of the dleleotrlo_

sleeve. The required outside diameter may be

quired to produce resonance at the given fre-
quency and determining the diameter of the di-
eleciric sleeve required to produce the needed

capacitance. Actually, because of fringe fields, it

is beiter to determine the proper diameter by
a cut and try method.

15
| -~ -made first,-
- computed crudely by determmmg the 1nduota,nee -

of the tube 10, computing the capacitance re-
20

“ation.
-use of two skirts of unequal length (following the

‘design of Figure 2) gives a broader band than -
that obtained (see curve B; Figure 6) from the

tached to the central tube.

- . [ -
oo - - -
P .
-'- '- =t - [ B
LY
. . . -

power reflected from the spacer is plotted as a

function of the wavelength of the incident radi-
~This figure shows, in curve A, that the

single skirt spacer of Figure 4. However, the band
is - still -greater . (curve C  of Figure
6) when the skirts are of equal length, as in the
design of Figure 3. Thus it is seen that several

different designs of spacers may be made to have
low reflection at a given frequency, but that (for
‘most purposes) a symmetrical oonstruotlon like
,that of Figure 3 is to be preferred.

These various types of spacers may be made in
different ways. The dielectric sleeve is usually
Then the metal parts may be cut
from flat stook and tubing and soldered in place,

or the metal sleeve and end portion may be

punched into a cup-shaped piece which is at-
Alternatively, the

 dielectric sleeve may be coated with a film of

. 25

The usual result of sueh a, determmetlon is

o find that the outer diameter of the spacer
- should be made larger than i the wavelength.

This is frequently the case when the central =
30

tubing is larger than %5 the wave length in diam-

- eter and the dielectric constant of the msuletor'

- isless than 6. It is found that a specer having

a, dlameter ‘much larger than 4 of the wave-

length may reflect very little power in one direc- .

tion and yet considerable power in another direc-

tion. In order to make the reflection uniformly

39

small, the outside diameter of the spacer should

not be much greater than % the wavelength.
- Consequently it is desirable to make the outside

diameter of the dielectric sleeve about Y4 wave-
length and to add any needed capacitance by

- means of the metal skirts 12 and 3.

Tt is found that two metal skir ts of equal length '
Tective over a broader band

of frequencies than when only one skirt is used

- make the spacer e

wax, dusted with copper powder and electro-
plated. Alsoc metal may be sprayed directly onfo
the dielectric sleeve.

from. affecting the dielectric.

What the invention provides is a spacer Whmh. o

has. greater mechanical strength and operates
over a wider band of wavelengths than those

‘heretofore provided . The characteristic Ieatures |

by which these results are achieved are (1) the

dielectric sleeve which affords greater rigidity

and (2) the symmetrical metal skirts which allow
the spacer. to operate over a wider wave band
without undue scattering of the power transmit- -
ted between the sheets of the radio wave conduct-

. ing device in which the spacers are utilized.
40 |

I claim as my invention: |
1. In a device for maintaining a predetel mmed |

~ spacing ‘between opposed walls which form an

and the metal extends over one of the ends as

indicated at 15 in Fig. 4 or when the sleeves are

of unequal length as in the case of the spacers

- of Figure 2, for example.
dimensions are best determined ex perlmentelly

Here too, the exact

electromagnetic wave propagating structure and
~ which provide a relatively low impedance to the

passage of high frequency electromagnetic waves,
the oombmatwn with said opposed walls of an
inductive’ element including a conductive sleeve

.. extending between said walls, and a capacitative

50

The gkirt length is gr eetest when the dielectric

 is air and becomes less as the dielectric constant

"~ of the material in the dielectric sleeve increases.
For example, the spacer of Figure 5 includes a

dielectric sleeve which is made of polystyrene
- with a suspension of tltane,tes so that it has a

0D

a d1e1eot1 ic constant of 25; thus ehmma’smg the

need of the skirts 12 and !3

Assuming that the spacer of Figure 1 is to be

~ tuned to present a high impedance at a wave

length of 1.25 centimeters, that the outside diam-~-

eter. of its dielectric sleeve is O. 125”' that the

outside diameter of its central tube is 0.070’’, that
" its over-all length is 0.235’" and that the thick-

ness of the skirts (2 and 13 is 0.005’’, it is found
that the length of the skirts §2 and {3 should
be (1) 0.065"" for polystyrene,
phenoli-o compound, (3) 0.061’’ for heat resistant

glass.
11 increases, the. length of the skirts {2 and 13

(2) 005977 for

As the dielectric constant of the sleeve

80

element consisting of a dielectric sleeve sur-
rounding said conductive sleeve and having a
dielectric constant and an outside diameter such
aS to minimize the currents produced in said

~ sleeves by the paseage of said Waves between said

walls. | B
2. In a dewoe for me,mte.mmg a pr edetermmed

spacing between opposed walls which form an

eleotromagnetlo wave propagating structure and

which provide a relatrvely low impedance to the
passage of high frequency electromagnetic waves, |
the combination with said opposed walls of a

| dleleotrle sleeve e‘itendmg between said walls,

65

and a eonduotrve coating extending over the in-

. side, one end and the outer surface of said sleeve
 to form on said surface a skirt of such length that
said device provides a relatively high impedance

- in parallel with said relatively low impedance.

- 3. In a device for maintaining a predetermined
spacing between opposed walls which form an

- electromagnetic wave propagating structure and

T4

| beoome shorter eventually reaching zero after

which the spacer is tuned by deoreesmg tne out~

side diameter of the sleeve I1.

- Figure 6 represents the band width obtemed-
In it, the relative

from several of the designs.

which provide a relatively low impedance to the
passage of high frequency electromagnetic waves,

the combination with said opposed walls of a

 dielectric sleeve extending between said walls,
- and a conduotlve coating extending over the in-

> side, the ends and *he outer surfoce of said

As a final step, the spacer -
may be coated with water-proof paint to keep
- the metal from corroding and to keep molsture o
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