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UNITED STATES PATENT office 
2,281,550 

ELECTRIC-CIRCUITELEMENT 
Wilmer Lanier Barrow, Newton, Mass, assignor 

to Research Corporation, New York, N. Y., a 
corporation of New York 

Application August 14, 1937, serial No. 159,031 
(C. 18-44) 28 Claims. 

The present invention relates to electric-circuit 
elements and, more particularly, to circuit ele 
ments for use with electromagnetic waves of ex 
tremely high frequencies. - 
As explained in my paper, entitled, "Transmis-n 

sion of Electromagnetic Waves in Hollow Tubes 
of Metal,' Proceedings of the Institute of Radio 
Engineers, October, 1936, pp. 1298 to 1328, it is 
possible to transmit ultra-high-frequency elec 
tric energy through the interior of a hollow con- )0 Small pipe diameters. 
ducting pipe or tube. An object of the present invention is to pro 
There is a minimum or critical frequency for vide a novel high-frequency low-loss impedance 

each type of wave below which it cannot exist element. 
in, and cannot be transmitted through, the hol- A further object is to provide a novel system 
low pipe. This critical frequency is different for lis comprising a hollow chamber or cavity that may 
each type of wave and for different pipe mate- have sharp resonance characteristics at a pre 
rials, shapes and cross-dimensions. As given on determined frequency or frequencies, for use as a 
page 1323 of my said paper, for a pipe of circular circuit element, either with hollow-pipe systems 
cross section, the minimum frequency fo below of the above-described character or with circuits 
which no transmission can take place by any 20 of the conventional kind or any other kind. En 
type of wave is: ergy may be taken from or supplied to the novel 

1.841 circuit element of the present invention, which 
fo= , = may be used for transmission or reception over 

2Tavue hollow-pipe systems of the above-described char 
Where 25 acter, and also for other purposes. 
fo is the minimum frequency, for any transmis- Other and further objects will be explained 

sion, in cycles per second, hereinafter and will be particularly pointed out 
a is the radius of the inside circular conducting in the appended claims. 

wall of the pipe, in centimeters, The invention will now be explained more 
ui is the permeability of the interior, which per- 30 fully in connection with the accompanying draw 

meability, for air, most gases, or a vacuum, ings, in which Fig. 1 is a diagrammatic view of 
is 4r X 10-9, a vacuum-tube oscillator embodying a cylindri 

e1 is the dielectric constant of the gas or the vac- cal circuit element in accordance with the pres 
uum, the value of which is ent invention, the circuit element being shown 

10-11 35 in perspective and longitudinal section; Fig. 2 
36 is a similar view of a modification; Fig. 3 is a 

section of a spherical circuit element embodying 
and the invention; Figs. 4, 5 and 6 are longitudinal 

r=3.1416. Sections similar to Figs. 1 and 2 of modified cir 
The value fo, however, applies to a particular 40 cuit elements, such as may constitute terminal 
wave. Each type of wave has its own critical fre- devices for connection in hollow-pipe and con 
quency. ventional circuits for use at ultra-high frequen 
For air-filled pipes, this formula becomes cles; Figs. 7, 8 and 9 are perspectives of modified 

X=3.4la, where A is the wave length correspond- circuit elements adapted for use with waves of 
ing to the frequency fo. 45 the transverse type Figs.10 and 11 are sections 
The type of wave that is possible if the fre- similar to Fig. 3 of modified circuit elements; 

quency equals or exceeds by a slight amount the Fig.2 is a section similar to Fig. 5 of a further 
value of f given by this formula may be referred modification, and Fig.13 is a perspective of still 
to as the first-order transverse wave. As the another modification, embodying a circuit ele 
frequency is raised above this value, other types 50 ment that is rectangular in cross section. 
of waves are possible, each of which has its own 
critical frequency. The type of Wave having the 
second-lowest critical frequency, for example, 
may be referred to as the zero-order longitu 

5 

equals or exceeds the frequency given by the same 
formula, except that the constant 1.841 is re 
placed by 2.405, a circular cross-sectional pip 
being again referred to. 
Other types of waves have successively higher 

values for their critical frequencies. Although 
there is a very large number of these wave types, 
the first several types are at the present time 
of the most practical application for reasonably 

The hollow cavity is indicated at 57 in Figs. 
1, 2 and 4, at 63 in Figs. 5 and 12, at 75 in Fig. 6, 
at 60 in Figs. 7 and 9, at 46 in Fig. 8, at 22 in 
Figs. 3, 10 and 11, and at 78 in Fig. 13. At least 

dinal wave. It can exist only if the frequency its inner wall or surface is of metal, such as cop 



2 
per or aluminum, or is otherwise rendered con 
ducting; though the wall may be constituted of 
a thin dielectric the outer surface of which may 
be rendered conducting in any desired Way, as 
by depositing a metal coating thereon. For ill 
lustrative purposes, this is shown in Fig. 3, the 
dielectric support being shown at 7 and the 
metal deposit at 6. All such constructions or 
their equivalents will be included in the term 
"inner conducting wall' or 'surface' of a pipe or 
tube, or “conducting cavity," or their equiva 
lents. As materials of high-dielectric constant, 
such as liquids and solids, introduce losses that 
may render the device extremely inefficient as 
a circuit element, it is preferred that the Space 
in the cavity contain some low-loSS non-Con 
ducting dielectric, such as air or other gas, or 
the chamber may be evacuated. 

In Figs. 1, 2, 4 to 9 and 12, the hollow cavity 
is shown in the form of a closed metal cylin 
drical hollow-pipe chamber 57. Hollow cavities 
or chambers or shells of any cross-sectional 
shape, such as rectangular, square or ellipsoidal, 
are, however, included within the present inven 
tion, as are also three-dimensional or space 
cavities of various geometrical shapes, Such as 
cylindrical, spheroidal, ellipsoidal, rectangular 
or parallelopiped. The spheroidal shape is illus 
trated at 22 in Figs. 3, 10 and 11. A hollow-box 
shape, or a cylindrical shape of rectangular croSS 
section, is illustrated in Fig. 13 at 78. 

If the energy becomes wastefully dissipated 
from the chamber, it can not, of Course, have 
very much effectiveness as a circuit element. To 
reduce losses, therefore, the chamber should be 
Substantially closed to prevent radiation of radio 
frequency energy therefrom. Where it is desired 
to operate the circuit element at resonance, so as 
to enhance its operation, it should be properly 
shaped and dimensioned to produce space reso 
nance of the electromagnetic waves within the 
cavity, at the frequency of operation; the dimen 
sions of the shell should then, for example, be 
about equal to or greater than one half of the 
free-space wave-length of the Oscillations in the 
non-conducting Space. The radius of the sphere 
22 of Figs. 3, 10 and 11, for example, may be 
about equal to one fourth the wave-length. 
Other sizes of radii may also be employed, but 
the phenomenon is critical, as the resonance is 
very sharp. It is not necessary, however, that 
the chamber be operated at resonance. On one 
side of resonance, the impedance of the cham 
ber will be inductive; and on the other side, 
Capacitive, 
One end of the tube chamber 57 may be wholly 

closed, as illustrated in Figs. 2 and 4, by means 
of a flat metal wall 6, shown in the form of an 
end plate or disc. A very simple form of cavity 
may thus be provided, suitable for use as a cir 
cuit element. It may, for example, be connected 
to a hollow-pipe system in any desired way, as 
by means of a pipe 43, illustrated in Fig. 4, dis 
pOSed at an intermediate point in the side of the 
chamber 57. The cavity 57 may, however, be 
connected to a hollow-pipe system at other posi 
tions than as illustrated at 43 in Fig. 4. 
The ideal toward the attainment of an effec 

tive circuit element, as before explained, is com 
pletely to close the chamber. This ideal, how 
ever, is altogether impossible of attainment, for 
useful purposes; because, since the energy can not 
be taken out of a completely closed chamber, it 
could not then be utilized at all. An Opening 
must be provided in the cilcuit element through 
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2,281,550 
which to extract the energy. Such an opening is 
shown at , disposed centrally of the smooth 
metal plate of Fig. 1, for example, and through 
which a conducting exciting rod 58 is permitted 
to enter the chamber. The rod 58 is shown sup 
ported axially in, and spaced from the walls of, 
a tubular conducting section 6 of the chamber 
5 by insulating members 8. Corresponding in 
sulating members may be employed in the other 
figures, though not always illustrated herein, for 
clearness. One end of the conductor 58 extends 
axially into the chamber 57 for a short distance 
through the opening 7. The rod 58 constitutes 
the inner section, and the tubular portion 6 the 
Outer section, of a coaxial or concentric-tube sec 
tion or line. Communication may be effected 
between the chamber 57 and the tubular section 
6f through the opening 7 by means of conductors 
3 and 62, one connected to the tube section 6 
and the other to the conducting exciting rod 58. 
A connection is thus provided between the two 
conductors of the bi-conductor system 3, 62 and 
the chamber 51. In some cases, however, the 
lead or leads to the rod 58 and related appa 
ratus may be brought into the pipe through 
what corresponds to the tubular section 6 and 
the opening . In Figs. 3, 10 and 11, for ex 
ample, conductors 24 connect a rod 2 f, corre 
Sponding to the rod 58, and a tubular section 
25, corresponding to the tubular section 6. 
The presence of the opening 7, of course, pre 

Vents the chamber of the novel circuit element 
from being wholly closed; and the same is true 
where more than one opening is provided in the 
chamber as, for example, in connection with the 
circuit element illustrated in Figs. 7, 8, 9 and 12. 
The presence of such opening or openings, how 
ever, is essential, as before stated, in order to 
make it possible to connect the chamber with an 
external high-frequency circuit or circuits, in 
Operative relationship, connections to the circuit 
or circuits being made at the opening or open 
ings. A compromise has to be effected between 
the theoretically completely closed chamber that 
prevents radiation losses because of its complete 
closure and the necessity for providing an open 
ing or openings in order to obtain access to the 
chamber. The opening or openings should be 
Small enough, therefore, to reduce radiation losses 
from the chamber substantially to a minimum. 
The means for connecting the circuit element to 
the circuit or circuits, furthermore, should be de 
signed, as illustrated in Figs. 1 and 2, for ex 
ample, so as to guide electromagnetic energy be 
tween the chamber and the circuit or circuits 
With low loss. Where energy is transferred 
through the opening or openings into the cham 
ber from outside space, or into outside space from 
the chamber, great losses are encountered. An 
approach is thus provided toward the ideal of a 
Substantially completely closed chamber, provid 
ing a very efficient circuit element in which the 
energy is substantially completely enclosed and 
from which, therefore, a minimum of energy be 
Comes dissipated by radiation. 
Where a single opening is provided, the 

chamber constitutes a Self-impedance. Where a 
plurality of Openings is provided, the chamber 
may constitute a mutual impedance, common to 
two or more circuits to which the chamber is 
connected at the openings. 

If it is desired to retain the wholly closed na 
ture of the Wall 6 in connection with the two 
conductor system 3, 62, this may be effected as 
illustrated, for example, in Fig. 2. Instead of 
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the tubular section 6 in the end wall 6, a cor 
responding tubular section 3 may be disposed 
along an opening 27 at an intermediate point 
in the side wall of the chamber 57. An exciting 
conductor rod 33, at right angles to, and opening 
freely into, the chamber 57, along the opening 
27, corresponding to the exciting rod 58 of Fig. 
1, may extend axially through the tube 3. This 
modification may be particularly advantageous 
in the event that it is desired to have the rod 
33 contact with the wall of the chamber 57, as 
shown at 2. The exciting rod 33 may form the 
inner element of a COaxial Or Concentric-line 
connection, the outer element of which is consti 
tuted of the tube 3. 
3, 33 is of the Same nature as the coaxial con 
nection 58, 6 of Fig. 1, except that the exciting 
rod 33, as before stated, makes contact at its 
free end 2 with the chamber 5. 
A similar construction is illustrated in Figs, 

5 and 12. The exciting rod 64 extends axially 
through a tube 65 that is disposed at right an 
gles to, and opens freely into, the chamber 63, 
along an opening 56, at an intermediate point 
thereof. As in the case of the rod 33, the free 
end of the rod 64 is shown making contact with 
the chamber 63 at 2 f. In Fig. 11, similarly, the 
rod 2 is bent into contact with the sphere 22 
at 2. Although illustrated as making contact 
at 2, it is not essential that the rod 33 or 64 
touch the wall of the chamber 63 at 2; as illus 
trated in Fig. 3, it may be inserted in the cavity 
without actually touching the Wall, with almost 
equal effectiveness, where no conductive path be 
tWeen the conductors 62 and 3 is desired. 
The tube conductor 65 and the rod 64 of Figs. 

5 and 12 Constitute a coaxial or concentric-tube 
connection, of the same nature as the connec 
tion 58, 6 or 3, 33. The rod 64 and the tube 
65 of this coaxial or concentric-tube system are 
connected by terminal conductors 66 that cor 
respond to the conductors 3, 62 of FigS. 1 and 2. 
A connection is thus provided between the two 
conductor system 66 and the chamber 63, at an 
intermediate point of the chamber 63, by means 
of the exciting rod 64 projecting through the 
opening 56 in the wall of the chamber 5, in 
the same way as described in connection with 
Fig. 2. 
As the two conductors 3 and 62 may be con 

nected into a circuit of Conventional or other 
type, for example, the vacuum-tube oscillator 53 
of Figs. 1 and 2, a two-conductor circuit element 
which may have marked resonant properties is 
thus provided. When the novel circuit element 
is used in connection with hollow-pipe Systems, 
however, it is not necessary to provide it with 
the two conductors 3 and 62, because of the uni 
conducting nature of hollow pipes. The appa 
ratus illustrated in Fig. 4, therefore, is more par 
ticularly adapted for use with hollow-pipe sys 
temS. 
The elements 58, 6 and related parts may be 

referred to as a terminal device. The various 
types of waves before referred to may be sepa 
rately excited by particular kinds of terminal 
devices. Terminal devices for longitudinal 
waves are fundamentally different in construc 
tion from those for transverse waves. Or the 
frequency and the configuration of the termi 
nal device depends the shape of the lines of 
electric and magnetic force into which may be 
resolved the electromagnetic wave that is trans 
mitted down the pipe. The configuration of the 

The coaxial connection 
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wave that is to be excited determines, therefore, 
the design of the terminal. By having the con 
ducting rod 58 axially positioned, as above de 
Scribed, it may coincide with a line of electric 
intensity for the longitudinal wave. The before 
described transverse disposition of the rod, on the 
other hand, causes the standing waves within 
the cavity to have different configurations from 
those present with a longitudinal disposition, as 
in Fig. 1. The resonant frequencies and other 
electrical behaviours of the elements are slightly 
different, but in each case sharp resonant prop 
erties may be exhibited. 
The value of the impedance, whether induc 

tive or capacitive, of the circuit element of the 
present invention may be varied or tuned over 
a wide range through adjustment of an adjust 
able terminator, such as a metal or other con 
ducting plunger or piston 59, 67, 68 or 74 that 
is fitted Snugly in a length of the hollow-pipe 
chamber 57 of the terminal device. The ad 
justment of the plunger or piston 59 may be 
effected by means of an adjusting rod 60. In 
Fig. 5, two such plungers 67 and 68 are illus 
trated, at both ends of the hollow-pipe chamber 
63, adjustable by means of respective adjusting 
rods 10 and 69; and in Fig. 6, the plunger 4 
is similarly adjusted by means of the adjusting 
rod 60. 
The resonant chamber or cavity 57 of Figs. 1, 

2 and 4, between the wall 6 and the adjustable 
piston or plunger 59, is thus rendered adjust 
able or tunable for tuning purposes, to Vary its 
characteristics, and thus to modify or alter the 
characteristics of the main hollow pipe 43 or 
other electric System to which it may be con 
nected. The wall 6 and the piston 59 prevent 
an exchange of energy between the inside and 
the outside of the chamber 57, and act also to 
increase the effectiveness of the device, over a 
band of frequencies, by reflecting radiation that 
is propagated in the hollow chamber 57. 
At a certain setting or settings of the plunger 

59 of the novel two-conductor circuit element 
5 shown in Figs. 1 and 2, and the novel hollow. 
pipe circuit element shown in Fig. 4, for example, 
standing waves will thus be produced in the hol 
low cylindrical chamber between the wall 6 of 
the hollow cavity 57 and the plunger 59. These 
standing waves in the closed resonant chamber 
or cavity 5 will produce therein a condition of 
Space resonance that will be reflected as a change 
in the apparent impedance at the connections 
3, 62 that, for example, connect the chamber 

55 with the Oscillator 53 of Figs. 1 and 2. This, 
in turn, will produce a reaction on the OScillator 
53 or other source of energy or other electric 
circuit to which the concentric line 58, 6 or 33, 
3 is connected. The consequent changes in 
plate and grid currents may be observed with 
the aid of any suitable indicating instrument. 
The purpose of the piston is to provide an easy 

method of tuning or adjusting, but the chamber 
may be previously designed so as to be resonant 
without such subsequent adjustment. 
The circuit element of this invention is at 

tended by very low losses and with correspond 
ingly high impedance. By virtue of the fact 
that there can be no radiation from the cham 
ber, in the first place, the customary radiation 
losses of open systems do not occur with this 
device. The absence, with the use of this cham 
ber, of the Supporting insulators necessary to be 
employed with conventional circuit elements 
likewise does away with losses from that source. 
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The conduction-current losses in the metal of 
the resonant circuit element, finally, are rela 
tively small because of the large conducting sur 
face provided by the walls of the cavity. By ap 
propriately modifying the shape of the cavity, 
as hereinafter described, a minimum of losses 
may be realized under different conditions of 
application. 
As the energy should be delivered by the con 

ductors 3, 62 to the chamber 5 with an eff 
ciency depending upon the results desired, con 
sistent with the very high frequencies employed, 
the component parts of the terminal device 
should have such dimensions, and should be so 
designed, as to obtain a maximum energy trans 
fer, at a particular frequency, from the terminal 
conductors 3, 62 to the chamber 5, under nor 
mal operating conditions; or a uniform energy 
transfer Over a band of frequencies; or to attain 
Some other end. 
A resonant hollow-cavity circuit element is 

thus provided by the present invention, which 
may be used for many purposes, both at and 
away from resonance. It may, for example, be 
embodied in any appropriate ultra-high-fre 
quency generating, stabilizing, choking, amplify 
ing, controlling, modulating or demodulating 
equipment of any well known character. As an 
example, it is illustrated in Figs. 1 and 2 as em 
bodied in regenerative resonant-cavity vacuum 
tube oscillators that may be used as sources of 
electromagnetic energy of ultra-high frequency. 
The oscillator 53 of Figs. 1 and 2 may comprise 

a vacuum tube diagrammatically shown as pro 
vided with a cathode 55, a grid 52 and an anode 
or plate 54. The plate or output circuit, be 
tween the cathode 55 and the plate 54, is illus 
trated in Fig. 1 as embodying a tuned circuit 
comprising a coil 49 shunted by a tuning con 
denser 47, and containing also a plate battery 
or other Source of energy 50 that may be shunted 
by a by-pass condenser 45. 
The circuit element of the present invention 

is shown in Fig. 1 connected, by the two con 
ductors 3 and 62 of the bi-conductor circuit, in 
the input circuit, between the cathode 55 and 
the grid 52, shunted by a biasing resistor 5. 
In Fig. 2, the resistor 5 is shown replaced by 
a parallel-connected coil 4 and adjustable con 
denser 39. It may be desirable to connect an 
impedance 37, shunted by a condenser 35, in the 
cathode leads common to the input and output 
circuits, as illustrated in Fig. 2, where the cir 
cuit element is shown connected in the plate or 
output circuit of the tube, between the filament 
55 and the plate 54, in substitution for the tuned 
circuit 4, 49 of Fig. 1. The exciting rod 33 is 
shown connected to the plate 54 by the con 
ductor 62; and the tube 3 is shown connected to 
the filament 55, through the battery 50, by the 
conductor 3. 
The circuit element of the present invention 

may be connected also in any other desired part 
of the oscillator circuit. In all cases, the energy 
may be assumed to be taken from the vacuum 
tube apparatus 53, and delivered to the chamber 
5, and from the chamber 57 to the vacuum-tube 
apparatus 53, by means of the output terminal 
conductors or leads 3 and 62 and the terminal 
device 58, 6. 
Assuming the parameters of the oscillator sys 

tem to be suitably selected and adjusted, as by 
means of the tuning condensers 39 and 4 and 
the plunger 59, the system will oscillate under 
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the control of the novel circuit element of the 
present invention. 
A high degree of frequency stability, at ultra 

high frequencies, may be achieved with the aid 
of this cavity as the frequency-controlling ele 
ment of the vacuum-tube oscillator, much in the 
Sane Way as the frequency control of an Oscilla 
tor is effected with the aid of a piezo-electric 
crystal. To minimize changes in frequency with 
temperature, the circuit element may be located 
in a constant-temperature box, or the construc 
tion and materials of the element may be such 
that the change in its physical dimensions with 
temperature shall be very small. 
The invention is not restricted to use with the 

exciting rod 33, or 64. In Figs. 6 and 13, for 
example, these exciting rods are replaced by an 
exciting rod 2 that is connected with parallel 
wire conductors 73. In other respects, the ter 
minal device shown in Fig. 6 is substantially the 
same as that of Figs. 1 and 2. In Fig. 13, the 
dimension of the shell 78 that is parallel to the 
exciting rod 72 is substantially parallel to the 
electric lines of force of the oscillatory waves 
within the cavity. 
A modified terminal device possessing marked 

resonant properties and adapted for use as a 
Sender or receiver is illustrated in Fig. 7. The 
hollow pipe 43 is there shown opening into the 
cavity provided by a closed metal cylindrical 
chamber 40, to the lower end of which an outer 
tubular conductor 4 is integrally secured, con 
centrically therewith. A conducting rod 42, dis 
posed axially of the tubes 4 and 40, is extended 
into the pipe or tube 40 to constitute the exciting 
rod. The tube 4 and the rod 42 are shown con 
nected to a parallel-wire system 3, 62, as in Figs. . 
1 and 2. 
The exciting rod 42 may be of the same type as 

described above in connection with the exciting 
rods 33, 58 and 64. It may, however, be of the 
Same type as the rod 72 of Figs. 6 and 13, as 
illustrated at 45 in Fig. 8. In this Fig. 8, the 
exciting rod 45 is shown similarly disposed within 
and axially of the cylinder 46 into which the 
hollow pipe 44 opens, and is connected, near its 
center, to the parallel-wire system 47, corre 
Sponding to the parallel-wire system 73 of Figs. 
6 and 13. The wires 47 are shown extending 
into the cylinder 46 through an opening 9 at 
the side of the cylinder 46 opposite to the pipe 44. 
The exciting elements 42 and 45 of Figs, and 

8 are adapted for the propagation of transverse 
Waves into the hollow pipes 43 and 44, respec 
tively. The exciting rod may be disposed at 
right angles to the hollow pipe 43 or 44, and to 
the axis of the cylindrical cavity 40 or is of 
Figs. 7 and 8, as illustrated at 25 in Fig. 9. The 
exciting rod 25 happens to be shown as the inner 
element of a coaxial line the outer element of 
which is constituted of a tube 23 that joins the 
cylindrical cavity 40 at right angles thereto, in 
the same manner as described above in COec 
tion with Figs. 2, 4, 5 and 12. The exciting rod 
25 may, however, be disposed at other angles to 
the cylindrical cavity 40, and it may be of the 
type illustrated at 45 and 42. 
The conductors before described, such as the 

conductors 3 and 62, may represent either out. 
put terminal conductors or input terminal, con 
ductors of suitable transmitting apparatus at the 
transmitting end, or receiving apparatus at the 
receiving end, of a hollow pipe. The same ter. 
minal devices, such as the terminal devices 58, 
6, to which these conductors are connected, may 
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be used for delivery of the energy in both direc 
tions. Except for questions of insulation and of 
impedance of the bi-conductor circuit, the ter 
minal device for receiving may be the same as 
that for sending; for, as the operation is entirely 
reversible, any device that will radiate waves 
through the hollow pipe will be equally effective 
in picking them up from the hollow pipe. This 
novel circuit element may, therefore, be used 
both for sending and receiving. Modulated high 
frequency energy may be Supplied to a suitable 
hollow-pipe system, in the case of the trans 
mitting apparatus, and may be taken from the 
hollow-pipe system, in the case of the receiving 
apparatus. In the case of the receiving appara 
tus, the signal comprising the intelligence may 
be recovered by demodulation. In all such cases, 
the pipe 43 or 44 may constitute a uni-conductor 
system, connected at its sending or receiving end 
to the bi-conductor system 3, 62, the energy being 
transmitted through the inside or the interior of 
the hollow cavity of the present invention. 
By locating within a hollow-pipe terminal de 

vice, say of the type shown in Fig. 12, a suitable 
grid 24, a chamber may be formed between the 
walls of the pipe 63, the grid 24 and the plunger 
59. The grid is shown as comprising radial wires, 
but other shapes may also be employed. A par 
allel-conductor grid is appropriate for use with 
waves of the transverse type and the radial-wire 
grid for use with waves of the longitudinal type. 
Some of the energy in a wave transmitted 

through the tube and impinging on the grid 24 
Will be reflected back into the chamber and some 
will pass through the grid into the chamber 63 
on the side opposite to that exposed to the im 
pinging wave. The amount reflected and the 
amount let through will depend upon the nature 
of the grid and on the orientation of the grid 
with respect to the plane of polarization of the 
wave, or whatever may correspond to the wave. 
This chamber may be inserted into a hollow 
pipe system, connections being made, for exam 
ple, at 23, or at any other desired point of the 
chamber. If desired, a further connection or 
connections may be made to this chamber as, 
for example, by means of the bi-conductor con 
nection 65, 66. Interconnection may thus beef 
fected between a hollow-pipe system connected 
at 23 and the bi-conductor system 65, 66 by 
means of a novel type of terminal device, 

In Fig. 11, the rod 2 may preferably be given 
such shape and length as to coincide substan 
tially with a line of electric field intensity of the 
standing waves set up within the cavity. This 
shape will depend on the configuration of the 
cavity and on the frequency of the Oscillations. 
The cavity within thie shell may be considered 

to have certain natural modes of oscillation, with 
corresponding natural frequencies of oscillation. 
These modes and frequencies are determined by 
the size, shape and electrical characteristics of 
the cavity. By so shaping and dimensioning the 
cavity that one of its natural frequencies, say its 
fundamental frequency, coincides with the oper 
ating frequency of the apparatus, the resonance 
property is made use of to a very complete ex 
tent. At a fundamental frequency, for example, 
the cavity behaves much in the same Way as a 
parallel-resonant circuit. By providing a two 
conductor electrical connection with the cavity, 
the highly-resonant low-loss properties of closed 
cavities may be used in conventional circuits, ac 
cording to the present invention; by providing 
a uni-conductor connection with the cavity, these 
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S 
properties may, in accordance with this invention, 
be used in hollow Spipe circuits, and as an inter 
mediate element between hollow-pipe circuits on 
the one hand and two-conductor circuits on the 
other. Figs. 1 to 3, 5, 6, 10 and 11 illustrate the 
first case, Fig. 4 illustrates the second case, and 
Figs. 7 to 9 and 12, the last case. 

Further modifications may be made by persons 
skilled in the art without departing from the 
Spirit and scope of the invention, as defined in 
the appended claims. - 
What is claimed is: s 
l. A high-frequency low-loss impedance ele 

ment comprising a substantially closed conduct 
ing chamber provided with an opening, the size 
of Said opening being adapted to reduce radia 
tion losses from said chamber substantially to a 
minimum, and connecting means at said open 
ing adapted to connect said impedance element 
to a high-frequency circuit in operative rela 
tionship, said connecting means guiding electro 
magnetic energy with low loss between the cham 
ber and said circuit. 

2. A high-frequency low-loss impedance ele 
ment as defined in claim 1 in which only a single 
Opening is provided in the chamber in order that 
the chamber may constitute a self-impedance. 

3. A high-frequency low-loss impedance ele 
ment as defined in claim 1 in which two openings 
are provided in the chamber in order that the 
chamber may constitute a mutual impedance. 

4. A high-frequency low-loss impedance ele 
ment as defined in claim 1 in which the high 
frequency circuit comprises hollow-pipe wave 
guide means, said hollow-pipe wave-guide means 
having transverse dimensions of magnitude such 
as to permit transmission of waves of the said 
high frequency. 

5. A high-frequency low-loss impedance ele 
ment as defined in claim 1 in which the high 
frequency circuit is a multiple-conductor circuit. 

6. A high-frequency low-loss impedance ele 
ment as defined in claim 1 in which two openings 
are provided in the chamber in order that the 
chamber may constitute a mutual impedance, the 
high-frequency circuit comprising a hollow-pipe 
wave-guide means connected to one of the open 
ings and a multiple-conductor circuit connected 
to the other opening, said hollow-pipe wave-guide 
means having transverse dimensions of magni 
tude such as to permit transmission of waves of 
the said high frequency. 

7. A high-frequency low-loss impedance ele 
ment as defined in claim 1 in which the con 

5 necting means comprises a terminal device. 
8. A high-frequency low-loss impedance ele 

ment as defined in claim 1 in which the Con 
necting means comprises a conducting element. 

9. A high-frequency low-loss impedance ele 
ment as defined in claim 1 in which the Con 
necting means comprises a conducting pipe con 
nected to the opening and a conducting rod dis 
posed substantially axially of the pipe. 

10. A high-frequency low-loss impedance ele 
ment as defined in claim 1 in which a low-loss 
dielectric medium is contained in the chamber. 

11. A high-frequency low-loss impedance ele 
ment as defined in claim 1 in which a gas is 
contained in the chamber. V 

12. A high-frequency low-loss impedance ele 
ment as defined in claim 1 in which the chamber 
is evacuated. 

13. A high-frequency low-loss impedance ele 
ment as defined in claim 1 in which the chamber 
is bounded by a surface of revolution. 
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14. A high-frequency low-loss impedance ele 

ment as defined in claim 1 in which the chamber 
is adjustable to adjust the impedance. 

15. A high-frequency low-loss impedance ele 
ment as defined in claim 1 in which the chamber 
is resonant, 

16. A high-frequency low-loss impedance ele 
ment as defined in claim 1 in which the chamber 
is resonant and means for adjusting the resonant 
frequency. 

17. A high-frequency low-loss impedance ele 
ment as defined in claim 1 in which the chamber 

0. 

is resonant and hollow-pipe wave-guide means 
connected to the opening, said hollow-pipe wave 
guide means having transverse dimensions of 
magnitude such as to permit transmission of 
waves of the said high frequency. 

18. A high-frequency low-loss impedance ele 
ment as defined in claim 1 in which the chamber 
is resonant, means for setting up standing waves 
of resonant frequency in the chamber, and means. 
for connecting the wave-setting-up means with 
outside exciting apparatus for exciting the wave 
setting-up means. 

19. A high-frequency low-loss impedance ele 
ment as defined in claim 1 in which the chamber 
is resonant, the chamber being provided with 
only a single opening in order that the chamber 
may constitute a self impedance. 

20. A high-frequency low-loss impedance ele 
ment as defined in claim 1 in which the connect 
ing means comprises a conducting rod extending 
into the opening, one end of the conducting rod 
being connected to the chamber. 

21. A high-frequency low-loss impedance ele 
ment as defined in claim 1 in which the Connect 
ing means comprises a conducting rod extending 
into the opening, the conducting rod having a 
looped end connected to the chamber. 

22. A circuit element comprising a hollow reso 
nant conducting chamber providing a resonant 
cavity and having an axis, and a conducting rod 
disposed in the chamber Substantially at right 
angles to the axis to constitute an exciting ele 
ment for Setting up standing waves of the reso 
nant frequency in the cavity. 

23. A circuit element comprising a hollow res 
onant conducting pipe providing a resonant 
cavity, a conducting tube connected to the pipe 
substantially at right angles thereto, and a Con 
ductor disposed in the tube and the pipe Sub 
stantially at right angles to the axis of the pipe 
to constitute an exciting element for Setting up 
standing waves of the resonant frequency in the 
cavity. 

24. A circuit element comprising a hollow res 
onant conducting chamber providing a resonant 
cavity and having an axis, a conducting end 
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plate closing one end of the chamber and pro 
vided with an opening disposed substantially 
along the axis of the chamber, a conducting tube 
Outside the chamber and connected to the end 
plate along the Opening, a conducting rod ex 
tending through the opening into the chamber 
substantially axially of the chamber to consti 
tute an exciting element for setting up standing 
waves of the resonant frequency in the cavity, 
and means for electrically connecting the rod 
and the tube with an electric circuit for exciting 
the rod. 

25. An electric system comprising a hollow 
resonant conducting chamber, a conducting tube 
connected to the chamber, a conducting rod dis 
posed in the tube and extending into the cham 
ber, vacuum-tube apparatus, and means connect 
ing the vacuum-tube apparatus to the rod and 
the tube. ; : 

26. A circuit element comprising a hollow res 
onant conducting chamber having an axis, a 
conducting tube connected to the chamber sub 
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stantially at right angles to the axis of the cham 
ber, a conducting rod disposed in the tube and 
extending into the chamber substantially at 
right angles to the axis of the chamber, means 
for connecting one end of the rod to the cham 
ber, and means for electrically connecting the 
rod and the chamber with an electric circuit. 

27. A circuit element comprising a hollow con 
ducting chamber providing a resonant cavity, a 
hollow conducting pipe opening into the cham 
ber, a conducting rod disposed in the pipe and 
extending into the chamber to constitute an 
exciting element for setting up standing waves 
of resonant frequency in the cavity, means for 
connecting the rod with outside exciting appa 
ratus for exciting the rod, the circuit element 
being provided with a hollow extension or exten 
Sions, and one or more adjustable conducting. 
plungers in the extension or extensions for ad 
justing the resonant frequency. 

28. A circuit element comprising a hollow con 
ducting chamber providing a resonant cavity, a 
hollow conducting pipe opening into the cham 
ber, a conducting rod disposed in the pipe and 
extending into the chamber to constitute an 
exciting element for setting up standing waves 
of resonant frequency in the cavity, means for 
connecting the rod with outside exciting appa 
ratus for exciting the rod, and means for con 
necting the circuit element with a hollow-pipe 
conductor, the transverse dimension of the hol 
low-pipe conductor corresponding substantially 
to a critical wave-frequency below the resonant frequency. 

WILMER L. BARRow. 


