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This invention relates to an electromagnetic
resonator. | o | |

It is known to obtain an electromagneticl _i'eso- |
nator by connecting the plates of a condenser of
C capacity to the ends of a coil of the self-induc-

tion L. The period of oscillation of such a reso-
nator follows from the relation - o

T=2w.4/L.C

For short waves, preferably decimeter and centi-
meter waves, electromagnetic resonators are fur-

ther known which consists of open or closed cir-
cuits with capacity and self-induction uniformly
distributed over the conductors. |

‘It has been found, however, that there is still

another type of electromagnetic resonator which,

advantages and is particularly well suited Ior
short waves, especially decimeter and centimeter
waves. |

The invention proposes to provide an electro-
magnetic resonator, wherein an essential part of

" the electric field co-determining natural fre-
quency consists of an electric eddy field, especially

one with closed electric eddy lines. -
The invention is illustrated in the accompany-
ing drawings, in which: - '
Figure 1 shows in plan one simple form oi resc-
nator of the present invention, Figure la is a
section of the same. . | |
Figure 2 shows in vertical section another sim-
ple form of the resonator of the invention, Figure
2a is a plan of the same. . =
Figure 3 is a diagrammatic view representing
indications relative to the magnitude of the cur-
rent amplitudes of a resonator of the ‘present
invention dependent upon the frequency N. |
Figure 4a and Figure 4b illustrate diagram-
matically the intensity course of the electric and
magnetic fleld in the field space of the reso-

nators shown in Figures 1 and 2, Figures 4a and

4b being at right angles to each other.

Figure 5 is a perspective view Qf a portioii of

another form of resonator. _
Figure 6 is a section through the

resonator of
which Figure 5 indicates a part. |

The invention will be exp:la,ined by first refer-

ring to Figs. 1 to 4b.

Figure 1 shows in plan and elevation a metal

ring and Fig. 2, a metal cylinder. Assumed that
the metal ring or cylinder is cut open at one
point and the cut surfaces are fed with alter-
nating current, a magnetic dipole having the

magnetic axis X—X will be produced. If the
dimensions of the ring are small relative to the

~ tal frequency Nui.
- surprising as this resonant circuit does not show

ot first a capacity required for bringing about
The resonance phenomena appear
also if the wire circuit or cylinder is fully closed
‘and, for instance, inductively coupled with the

- wave.

wavelength-of the oscillation used in excitation,

an alternating magnetic field which on the whole
inner surface of the ring has the same sign. In

case of higher frequencies, there will be percepi-

ible merely a non-uniform distribution of current
on the conductor by the skin effect, the current

' flowing chiefly on the surface of the ring: or
- ¢ylinder

facing the axis. At further increase of
the frequency of the alternating current one will
be surprised at reaching a sphere where the
current amplitudes on the ring attain a maxi-
mum and the ring discloses therefore resonance
properties. If this maximum, aS indicated in
Fig. 3, is attained at a frequency Ni, further fre-
quency multiplication will vield additional max-
ima, N2, N3, N2 . . . , which apparently are har-
monic frequencies with respect to the fundamen-
This behavior is all the more

resonarnce.

exciting field or excited by a free electromagnetic

Closer examination has Shown that in the res_d--

_'-na,tor concerned the electric field co-determining

natural frequency consists to an essential degree

of an electric eddy field, the field lines ol which

extend substantially vertically to the magneftic

field lines and coaxially preferably within the

wire circuit or cylinder. This eddy field is there-
fore of decisive importance ior the appearance of
resonance. Detailed investigation has disclosed

“the fact that a periodic change of the energy oi

this electric eddy field and the magnetic field
energy is effected, similarly o the known electro-

magnetic resonators, in which the electric field

lines are open and terminate at electric charges

on the conductors used for forming the reso-

nators. The new resonator has therefore noth-

" ing to do with the known phenomenon of oscilia-

tion of closed circuits, where potential nodes and

loops appear on the- conductor and the electric
one part of the conductor

field lines extend from

to another one. ) R |
The course of intensity of the electric and

magnetic field in the field space of the resonators

shown in Figs. 1 and 2 is represented by the
curves of Figs. 4a and 4b. The curves of Fig. 4a
show the course of intensity of the electric field

 the entire area of the ring will be permeated by
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extending in the plan and those of Fig. 4b that '

of the magnetic field shown in elevation and

~extending beyond the diameter of the annular
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‘and the course of intensity of the magnetic field

conductors. The time moment | is character-
1zed by the fact that the total energy of the
resonator
conductors in the form of an electric eddy field.

- As these whirls are concentric with the annular

conductors and at the surface of the conductors

the limiting condition must be met that no tan- |
gential component field exists there the intensity

of the electric field at both ends of the diameter
will be zero. A second zero point is in the center

‘Where the field changes direction. The electric

eddy fileld discloses therefore the wavy course
indicated by the curve | in Iig. _4{1, The current
on the conductor at this moment is zero.. As Fig.

4b indicates, the energy of the magnetic field IS_

therefore also zero.

The time moment later to the extent of T/4
shows a considerably different condition. The
energy of the electric eddy field is zero, and in
Big, 4g the curve 2 coincides with the axis of
The magnetic field has its maximum,

is shown by the curve 2 of Fig. 4b. ' This curve
indicates that the magnetic field has on the sur-
tace of the conductor a maximum which towards
the center decreases to zero and at the center

itself discloses a minimum. This distribution

of Intensity positively results from the fact that
inside and outside the vanishing electric eddy
field magnetic whirling fields of opposite signs
develop. Magnetic flux in one direction has the
salne magnitude as that in the other direction,
due to the freedom from sources of the electro-
magnetic field. The mtegra,l of the magnetic ﬂux
must -therefore disappear.

The magnetic field shows therefore not a ho-

Inogeneous course within the conductors, but two
ields of opposite direction are concen-—'

magnetic
trically disposed within each other. .

In the time moment later to the extent of T/4

- & condition has arisen represented by the curves
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3. The total energy is accumulated again in the

‘form of an. eleciric eddy field the direction of
which is, however, opposed to that of the eddy
field at the time moment 1.

The magnetic field

1S zero The time moment later to the

again.,

I'extent of T/& is represented by the curves 4.
The intensity of the electric eddy field is there-~

fore zero again and that of the magnetic whirling
field a maximum, the fields having the opposite
direction to that at the former time moment.
At the excitation of the harmonic osciliation sim-
ilar phenomens showing a correspondingly larger

humber of nodes and loops 01 the E‘IEGtT‘IC and

magnetic fields arise.

The resonator shown in Flgs 1 and 2 further
ers from the drawback that it discicses, be-
sides this electromagnetic eddy field, a radiation
field which imparts to it a cer ta,m aracunt of
damping. To attain a resonator with very little

self-damping the invention proposes to construct

such an electromagnetic resonator in the form
of a hollow space surrounded on all sides by well
conducting walls. Such a cavity formed as hol-

low torus is shown for instance in section in Fig. 5.

if the inner space of this hollow body is sub-
jected to natural oscillation in the manner de-

scribed, an alternating electromagnetic field will
be produced that is free from radiation.

_ AS Indi-
cated in the drawing by the arrows E and H,

the fields are totally closed, the field for the
time moments | and 2 being an electric eddy
field extending in hoselike fashion within vhe

hollow torus, whilst the fields for the tlme mo-

ments 2 and 4 are concentric alternating mag-

1s accumulated within the annular

the relation

2,199,045

netic fields surrounding the torus like rings.
The only damping losses disclosed by this reso-
nator are due to the only finite conductivity of
the inner surface of the hollow body. If the
resonator is to be made quite undamped, a hol~

low body having a highly conducting inner sur-

face provided for instance with a copper or silver

coating may preferably be employed, the coating

receiving preferably a high polish. Self-damping

- mmay further be reduced by cooling the hollow

body to a low temperature.
The toruslike hollow space may fmther oscil-
late in such manner that the current paths ex-

- tend vertically to those hitherto observed. The
‘resonator produced will then be similar to the

one shown in Fig. 5, except that the electric and

magnetic lines of force exchange their roles.
Instead of this toruslike hollow space other

hollow spaces may be used c¢f course, such as a

- cavity formed by two toruslike bo-dies arranged

within one another and insulated relative to each
other. Furthermore, a hollow cylinder, a hollow
sphere, or the space between two cylinders or
spheres arranged within one another may for
example be excited to natural oscillation in simi-
lar manner. The same applies to all hollow
vodies which can be obtained by continuous de-
tormadtion of the forms mentioned. For example,
an ellipsoid is equivalent to a sphere and can be
excited to natural oscﬂlatmn in simiiar manner
as a hollow sphere.

Moreover, the relations between the W&VPIEI“gth
produced of the resonator and the dimensions
of the hollow bodies hmltmg the rescnator can
be calculated, though in difficult cases only by
means of simplified assumptions. For a c¢ylinder,
the zero pla,ces of Bessel’s cylinder functions. of
the null and first order furnish the desired rela~
tion. If the E lines extend in the direction of
the cylinder axis and the H lines in pianes dis-
bosed vertically to the axis, the equatmn

(’”’ d) o—fld_ﬂ 40: 5.52 .

prevails, wherein Jo is Bessel’s cylmder function
of Zerc order; d, the diameter of the cylinder:
and A, the wavelength produced. If E and &
are exchanged Bessel’s cylmder funmmn of the
ﬁrst order yields for

.d
7% )“0
.0

T'—S 83, 7. 02 .

If the holIowSphere is excited to produce 03(:111&— |

tions of such type that the ciosed H lines extend
relative to one another in sectional pianes, the
equa,tmn ~

r.D D «D

tg ;\ —T, "‘“—*—4: 49; 7725

‘prevails, wherein D is the diameter of the vphere |

Cne advantage of the resonator accor ding to
the invention is its very slight seli-damping, so
that it is still better suited than the known
resonators for a great variety of purposes and
preferably for exciting, producing, amplnng or

receiving electromagnetic oscillations.

A further advantage is that ‘the cllmensmns

of the resonator remain large or comparable to

the wavelength. For example, the diaraeter of

the cylinder or torus surface: is approximately
equal to A, eves

at excitation in the fundamental
oscﬂla..tmn For this reason, such resonators can
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amplifiers for extremely short waves, which still -
‘have relatively large dimensions, and the reso-

nator according to the invention is thus particu-
larly adapted for waves whose length amounts te

only a few centimeters.

- An example of epplylng the toruslike resenator'
is shown in section 5 in Fig. 6. The toruslike:
hollow body is cut open at the point where its

diameter is smallest,  The cut edges are each
connected with the portion &, §’ of the outer ef

a concentric energy conductor 5, § or 3, €', so
that the inner space of the torus cemmumcetes
‘via the gap 7 with the hollow space of the energy
‘line.
duced, so that a current loop develops just at

If on the latter a stationary wave is pro-

the gap, the reson&tor provided its natural fre-

- quency coincides with the frequency of . exmtatmn,

20

25

will be excited to high amplitudes whiie oscillat-

ing in the manner described in detaii above. In-

stead of being cut up at its smallest diameter,
the resonator can of course be cut up also at
another pomt or. at several pemts Vertleelly to

the current path. ~ |

The energy line §, € can serve for couphng an
excitation space discharge device or a loading re-
sistance, for instance of an aerial, with the reso-
nator. The characteristic impedance thereof can

" be chosen in a manner favoring excitation or
~ loading and may be particularly small relative

511

to that of the rescnator, whereby a relative loose

coupling of the resonator to the excitation or

loading is effected. For coupling at the gap of

- a hollow member limiting the resonator, con-
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‘condenser. _
which results from Lecher wires which are

ductor leads can be connected which form ap-

proximately a short circuit condenser for the
- A potential node and a current bulge

resonator. | |
of the oscillation always form at the transition

- point. That is to say, the resonator can be pro-
vided with a.gap from which energy may pass

and with which there can be connected any kind

of a conductor, which has such great reciprocal

capacity as to form approximately a short circuit
The effect of this resembles that

bridged over by means of condensers because,

- when two Lecher wires are short circuited, a po-

tential node and a current bulge of the oscilla-

‘tion always oceurs at this point.

I claim: -
1. A frequency determmmg electremegnetlc
resonator tuned to a desired wave. in at least two

dimensions and mcludmg a. memb._,r censtltutmg |

a, hollow torus.

2. A resenator as deﬁned in. cla,lm 1 Wherem :
" the hollow member is provided with 2 slot and
wherein an electrical conductor lead is connected

to the member at an edge of the slot in such

manner th&t the energy ﬂux in, the Jead 15 per-
" pendicular to the slot. -

3. A resonator as defined in claim 1 Wherem- |

the hollow member is provided with an annular

slot extending thereemund to form & gap and

to the member at each edge of the gap.

4. An electromagnetic resonator consisting of
- a metallic hollow member in the form of an annu-

lar torus prov1d1ng a hollow space deﬁned by
conducting walls, means for producing an electric

determining natural frequency consisting of an
eleciric eddy field with closed electric eddy lines,

the hollow space serving as a resonator and being

excited in a fundamental or harmonic osciliation.

a tubular electrical conductor lead is connected

10

field therefor, an essential part of said field co-

15

5. An electromagnetic resonator consisting of

g metallic holleW member in the form of an annu-

lar torus wherein the closed eddy lines extend in
meridianal planes and.the corresponding mag-
netic whirl lines in normal planes and providing

a hollow space defined by conducting walls, means
~for producing an electric field thereior, an essen-

tial part of said field cedetelmmmg natural fre-
quency consisting of an electric eddy field with

as a resonator and being exmted in a fundementa,l

-or harmonic oscillation. :
6. A resonator as defined. in clelm 1 Wherem_
- the hollow member is premded with an annular
slot extending therearound to form a gap and
~alined tubular conductor leads are connected to
respective edges of the gap at right angles to the

plane of the locus of the center of the circle
whose revolution ferms the torus.

7. A reeenator as defined in claim 1 wherein

20

20

- closed electric eddy lines, the hollow space serving -

30

the hollow member is provided with an annular

- slot extending therearound to form a gap and .

alined tubular conductor leads are connected to

‘respective edges of the gap at right angles to the
"plane of the locus of the center of the circle =

40

whose revolution forms the torus, said gap being

formed at the smallest diameter of the member.
3. An electromagnetlc resonator consisting of
~ a metallic hollow . member providing a hollow

space defined by conducting walls, means for
producing an electric field therefor, an essential

- part of said field codeterimining natural frequency
consisting of an electric eddy field with closed

eddy lines, the hollow space serving as a reso-

nator and being excited in a fundamental or
harmonic oscillation, the hollow member being

45

50 -

formed as a hollow torus divided throughout its

area of inner diameter to provide a gap, the
edges of the gap connecting with the parts of the

- outer of a concentric energy line.

WALTER DAI..LENBACI—I.
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