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'PROVISIONAL SPECIFICATION.

Imﬁrovements in Devices for Generating Electromagnetic Fields
: Oscillating with Quasi-optical Frequencies.

I, James YATE JomNSoN, a British
Subject, of 47, Lincoln’s Inn Fields, in
the County of London, Gentleman, do
hereby declare the nature of this in-

5 vention (which has been communicated
to me from abroad by Ternion Alktien-
gesellschaft, of Glarus, Switzerland, a
Joint Stock Compsny organized under

. the Laws of Switzerland) to be as
10 follows :—

The invention relates to devices and

- apparatus for the generation of con-
centrated electro-magnetic fields for

. quais-optical and electro-optical purposes

5 as well as for increasing the influence of
electro-magnetic fields on substances.

The way to direct electro-magnetic
fields by reflectors or by means of Hert-
zian parabolic mirrors is already known ;

20 however, these known devices do not
allow for the concentration of substan-
tial amounts of energy and therefore
it is not possible for these amounts of
energy to effect appreciable influences

25 on substances which are under treatment.

It is the purpose of the invention to
avoid this disadvantage by the construc-
tion of a device which makes it possible
to effect a particularly strong concentra-

30 tion of the electro-magnetic field. For
this purpose a thin layer of the substances
to be influenced is brought between two
electrodes having the form of plates.

If the apparatus, termed herein a

35 ““ plate-oscillator ** is being supplied with
an alternating current of frequencies of
the ultra-short wave or quasi-optical
wave range there arises within the plate

. gap a concentrated electro-magnetic field,

%0 when the frequencies of the alternating
current are selected such as to excite the
plate oscillator to natural oscillations.

These concentrated electro-magnetic
fields are employed for making visible
conditions of quasi-optical oscillations,
for controlling any given light inten-
sities and for the optical reproduction of
music. Beyond this the devices accord-
ing to the invention are particularly

50 suitable to effect an influence upon dipole-
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substances and substances assuming
dipole characteristics for the purpose of
aitering their energy contents and their
physical and chemical qualities as well
asforreleasing chemical reactions between
such substances by means of dielectric
molecular resonance, resonance polariza-
tion or the like, in such manner that the
effects can be exploited technically.

The plate-oscillator resembles in its
external form, but not in its electrical
behaviour, a condenser. In a modifica-
tion which is especially suitable in prac-
tice it consists of two oppositely arranged
plates. By reason of the distributed
self-induction and distributed capacity
which every electric conductor has, the
plate-oscillator also has an electric reson-
ance. By reason of the smallness of the
distributed self-induction and distribu-
ted capacity, this resonance lies at very
high frequencies. For example with cir-
cular plates having a diameter of 10
centimetres and spaced 1 centimetre
apart the natural frequency lies at a wave-
length of about 30 centimetres. By
employing larger plates the wavelength
increases and vice versa. Similarly the
wave-length increases when the plates
are spaced at shorter distances apart.
When in circuit the plate-oscillator be-
haves, when it is worked in the neigh-
bourhood of or exactly in its natural
frequency, similarly to an aerial with
longer waves. This similarity only holds
good when considering the oscillator as
a circuit element, ie. it has the said
natural frequency by reason of distributed
capacity and self-induction, and there-
fore it has radiation resistance and also
loss resistance. While the aerial—or in
the range of short waves, the Hertz
dipole—radiates towards the exterior, in
the plate oscillator the whole of the
electromagnetic oscillation energy is con-
centrated in the space hetween the plates.
This is fundamentally different from the
aerial and is an unknown kind of energy
concentration. The whole oscillaticn
energy, which when employing dipole 100
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-aerials is distributed in space, is con-
centrated in a volume which only amounts
to a few cubic centimetres depending on
the dimensions of the plate-oscillator.

5 In the case of resonance there is formed
on the plate oscillator a quite definite
voltage distribution, or a corresponding
field distribution in the space between
the plates. By employing large powers

10 of oscillation, this #Aeld distribution
(hereinafter referred to as the ° con-
figuration” of the field) may be
reproduced optically with the aid of the
orientation of the molecules caused in
15 dipolar substances. For that purpose
it is necessary that the plates be made
transparent while maintaining gocd con-
ductivity. By cathodic atomisation of
a metal, as for example goid, plates may
20 be prepared which have a lizht absorption
of from about 10 to 15 per cent. per plate.
By introducing a_ thin layer of dipolar
substance (i.e. a layer which alters the
electrical properties of the plate-oscil-
25 lator as little as possible or not at all)
between the plates of the plate-oscillator
which is transparent, and by observing
this layer in polarised light the configura-
tion may be rendered clearly visible.
30 In order that it may be more clearly
understood, the optical arrangement is
diagrammatically represented in Figure 1
of the accompanying drawing in which 1
is a source of light, 2 and arrangement
of lenses, 3 Nicols’ prisms. 4 the plates of
the plate-oscillator coupled to the trans-
mitter, 5 a layer of dipolar substance
and 6 a screen. On the screen the zones
where double refraction occurs in the
40 dipolar sabstance correspending to the
configuration of the field are rendered
light or dark depending on the position
of the Nicols. The whole confizuration
is projected onto the screen. If the plates
45 be excited in their fundamental oscilla-
tion by tuning the freguency of the
loosely coupled transmitter correspond-
ingly, there appears on the screen a con-
figuration as shewn in Figure 2a. The
greatest field strength prevails in the
centre and the field strength diminishes
continuaily towards the edge. This
contiguration. as hereinafter described in
greater detail. is especially suitable for
the construction of a practically inertia-
less light relay. It is oniy necessary to
screen off the edge parts by a circular
mask and to modulate the source of
oscillations in order to obtain a reculation
of the beam of light with the optical
arrangement shewn in Fioure 1.

Similarly to an aerial. the plate-oscilla-
tor may be excited not only in its funda-
mental oscillation. but also in its higher
65 harmonics. There is. however. a dif-
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ferenca. It is custcmary to excite aerials
in higher harmenics which are integral -
multiples of the fundamental oscillaticn.
With the plate-cscillator, however, its
characteristic higher harmenics are usually
not integral multizles of the fundamental
oscillaticn. The exact positicn of .the
upper frequencies depends cn the eleetri- -
cal and mechanical configuraticn of:the
plate oscillater. .
The plate-oscillator need not consist
of two oppositely arranged circular plates
as shewn in Figure 3a. ~Ou the centrary,
for example when it is desired to obtain
a field strength as homogeneous as pessible
in a large volume, it may consist of a
convex plate or plates (Figures 3b and 3¢),
or, when it is desired to obtain especially
great field strength in the middle of the
space between the plates, it may consist gx
of concave plates (Figure 24). 'The
coupling of the plate-cscillator need not
be in the centre or centre of gravity.
The supply of voltage may aiso be efieeted
eccentricaily. (Figure 8e). The coupling
may also be effected at two or more
points on_the plates (for example as
shewn in Figure 3f). Furthermore, the
edges of the plates may have a shape
other than circular, as for example the
shapes shewn in Figures 4a and b. In
short, the plate-oscillator may be widely
varied by altering the distance between
the plates, the shape of the plates and
the points of coupling. In all these-
modifications there is a certain distributed
capacity and a certain distributed &elf-
induction the product of which determines
in known manuer the fundamental natural
frequency. As already stated, the spec-
trum of the higher natura!l frequencies
of a plate oscillator depends in a large
degree on its size, shape and manner of
coupling. The plate-cscillator - behaves
analogously to an acoustic membrane
during mechanical oscillatory excitation.
For the simplest case of the circular
plate-oscillator coupled exactly in the-
centre. Figure 2 shews some especially
important higher mnatural frequencies
with their configurations. In the experi-
ments forming the basis of these diagrams,
the distance between the plates amounted
to 1/10th of the diameter of the plates
and the thickness of the layer of dipolar 120
substance amounted to 1:100th of the
diameter of the plates. With a diamecer
of the -plates of 10 centimetres, the
fundamental frequency, in order to give
a concrete example, corresponds to a
wave length of 50 centimetres. The
configuration having one circle (Figure 2b)
is obtained by execitation with a trans-
mission wave of 13 centimetres, the con-
figuration having two circles (Figure 2¢) 130
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by excitation with a wavelength of 8.83
centimetres and the coafiguration having
three circles (Figure 2d) with a wave-
length of 6.2 centimetres. T
5 : If the plates are provided with & trans-
parent especially thin conducting layer
50 that the electric conduction is already
_considerably diminished (this is the case
' when light absorptions of only from 1to05
10..per cent per plate occur) the loss resistance
of the plate system is strongly increased.
The resonance curve of the plate-osciila-
tor is wide. Such a wide resonance
curve which is also given when the
15 oscillator is formed from oppositely
arranged wire gauze, is in certain cases
advantageous for a series of purposes for
which the plate-oscillator may be em-
ployed. ,
20 - If the plate-oscillator has but slight
* - internal lossss, i.e. if the layer of dipolar
substance interposed is sufficiently thin,
and if the conductivity of the plates is
good, i.e. if it has sharply pronounced
-95 resonance properties, a very loose coup-
ling between oscillator and transmitter
is necessary in order to avoid back
actions to the transmitter. With a wide
resonance curve of the oscillator, the
30 coupling may be more rigid. The loose
-~ coupling of the oscillator is effected in
analogy to high frequency technique.
Some examples of the practical carrying
out of this coupling are given in Figures 4
35 and 5. The modifications 5a to 5d in which
© . S is the.energising source all amount to
effecting the coupling of the oscillatory
energy through a small partial capacity
which with plates of 10 centimetres in
40 size, for example, may have values of
from 1/10 to 2 centimetres capacity.
Partial capacities of this order are ob-
tained according to the modification
shewn in Figure 5a by providing for each
45 plate a ball with a wire ring arranged
around the same at a distance of a few
millimetres, in Figure 5b by providing
two balls, and in Iigure 3¢ by providing
two small plates. Figure 5d differs from
50 these in so far as the partial capacity is
_formed directly between the plates of
the oscillator and a counter electrode.
This modification has the advantage that
the points of coupling to the plates may
55 be readily varied. For the range of
frequency coming into question here,
capacity coupling is especially simple
and suitable. Itis notessentialtoemploy
capacitative coupling. A further modifi-
60 cation of the couplingis shewn in Figure 5e
in which the transmitter is coupled in-
ductively and galvanically with the plate-
oscillator through a short piece of wire.
In this case the coupling takes place not
65 at the voltage maximum but near the

node point. An earth”is shewn dia-
grammadtically in Figure &e; this is not
intended to represent an earth in the
usual semse, (which can mno longer be

used without objection in this range of 7¢

frequency), but merely the connection
of the corresponding circuit point with a
metallic mass having a sufficiently great
capacity towards earth. The plate-

oscillator may also be coupled in the 75

radiation field, if desired even in a con-
centrated radiation field. .

In order to carry out the tuning to one
of the natural frequencies of the dipolar

substance, the natural frequercy of the go

plate-oscillator must be capable of being
tuned. In tuning it is preferable to
distinguish between a coarse and a fine
tuning. The coarse tuning is effected by

altering the dimensions, especially the gs

diameter, of the oscillator plates. In
order to be able to tune to the dipolar
substance, the natural frequency of which
has a definite value at a given tempera-

ture and concentration, a corresponding gg

size of the plate oscillator must thus
always be used. For example if the
natursl resonance of the dipolar substance . -
lies at a wavelength of 30 centimetres,

a diameter of 10 centimetres is necessary 95

in the case of circular plates, always
assuming, that the fundamental oscilla-
tion of the oscillator is to be used, which
yields a specially concentrated field.

‘When the coarse tuning has been effected 106

by dimensioning, a fine tuning is still
necessary to produce the resonance.” In
practice the fine tuning is most simply
effected by altering the distance between
the plates.
the greater the natural frequency. The
plate oscillator is suitable for the pro-
duction of concentrated electromagnetic
alternating fields having a wavelength- -

of about 5 millimetres to 10 metres. 110

Important technical effects result when
the resonant electromagnetic excitations
brought into action are modulated by high
or low frequencv. As examples the

effects of modulation in the case of the {45

excitation of a plate-oscillater the cover
of which is transparent and conducting
are briefly described in the following.
If the plate system be prepared so trans-

parent by cathodic atomisation while 404

maintaining a good conductivity that
only about 20 per cent. of light is absorbec

or reflected, then by means of polarised
light the configuration of the stationary
wave field is portrayed by the orientation 195
effect produced in the dipolar substance ™~
which causes a double refraction. If
the plate-oscillator be modulated by
impressing a lower frequency tone oscilla-
tion, the wave train formed is imprinted 130

The- smaller this- distance, 105
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in all its detail on the dielectric and

rendered visible in two dimensicns by the

described arrangement. The described
, apparatus may be used especially for
5 controlling strong beams of light.

-

Dated this 18th day of April, 1934.
J. Y. & G. W. JOHXSON,

47, Lincoln’s Inn Fields, London, W.C.2,

Agents.

COMPLETE SPECIFICATION. ‘

Improvements in Devices for Generating Eleciromagnetic Fields i
Oscillating with Quasi-optical Frequencies.

I, James Yare Jomnsown, a British
Subject, of 47, Lincoln’s Inn Fields, in the
County of London, Gentleman, do hereby

. declare the nature of this invention
10 (which has been communicated to me from
abroad by Ternion Aktiengesellschaft, of

Glarus, Switzerland, a Joint Stock Com-

pany organized under the Laws of Switzer-

land) and in what manner the same is to
15 be performed, to be particularly described
and ascertained in and by the following
statement :—

This invention relates to devices for
generating electromagnetic fields oscillat-
ing with quasi-optical frequencies. By
a quasi-optical frequency is meant one
corresponding (in the conventional sense)
to a wave-length lving between a few
tenths of a millimetre and three metres.

As explained in the co-pending applica-
tion No. 32,555/32 (Serital No. 417,501)
dipolar substances can be changed per-
manently (in the sense therein defined)
by subjecting the substances to electro-
magnetic fields of sufficient intensity
oscillating with quasi-optical frequencies.
The object of this invention is to provide
means of obtaining the concentrated high
frequency flelds necessary for this and
other purposes.

According to a general physical prin-
ciple, oscillations of great amplitude can
be generated by using the phenomenon
of resonance, that is to say, by exciting
a system by a force varying with a fre- -
quency equal to the frequency of one of
its modes of free or natural oscillation,
commonly called a natural frequency.
This principle has been applied to electro-
magnetic oscillations both of quasi-optical
and of lower frequency, usually for the
purpose of timing and not in order to
generate fields of great intensity., Nome
of the systems excited for this purpose
50 have been combinations of diserete con-

densers and seif-inductances : others have

been systems with distributed capacity
and inductance, such as a pair of parallel

wires (usually called Lecher wires) or a
59 pair of concentric cylinders. Further

these systems having distributed capacity

and inductance have been excited into

20

25

30

35

40

45

their higher modes of natural oscillation
as well as into their fundamental mede.

It is well known that such systems
having distributed capacity and in-
ductance have many modes of natural
escillation, analogous to the various modes
of an acoustical vibrator. These modes
depend on the constitution of the system
and on the conditions at its boundaries.
Corresponding to any boundary condition
there is one mode whose frequency is
least ;
mode, while the other modes of higher

60

65

this is called the fundamental

70

frequency are called higher modes. (In |

the acoustic analogy the higher modes
are often called harmonics). Systems-of
parallel wires and concentric cylinders
are often excited into the higher modes,
as weil as the fundamental mode, of their
natural oscillations. -
- When any system is excited into an
electromagnetic oscillation, an electro-
magnetic field of the same frequency is
set up in its neighbourhood. But the
fields of quasi-optical frequency obtained
by exciting parallel wires or concentric
cylinders are not generally sufficiently
intense over a sufficient volume for the
purpose above-mentioned. It has now
been found that suitable fields can he
obtained by exciting into. its higher
modes of natural oscillation a system of
opposed plates. Such a system of opposed
plates adapted to be excited into electro-
magnetic oscillations will Le called a
plate resonator. The simplest plate
resonator shown in Figure 1 of the
accompanying drawings, is a pair of
circular parallel conducting plates. But
thisisnot the only form of plate resonator.
According to the invention a device
for generating a concentrated electro-
magnetic fleld with quasi-optical fre-
quency comprises a plate resonator and
means independent of the resonator for
exciting it into one or more of its natural
electromaganctic oscillations. The exciting
means are to be deemed independent of
the resonator if and only if the circuit of
which the resonator forms part would be
capable of oscillation even if the resonator
were removed from the circuit. Thus
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30 V:‘Excitation of the

exciting means consisting of a spark
passing between the plates of the resonator
" arenot to be deemed independent of the
resonator ; but exciting means consist-
5 ing of a spark passing across the terminals
of a circuit coupled to the resonator and
capable of oscillation in its absence
are_to be deemed independent of the
resonator.

10 The invention will now be described in

detail under the following headings with
reference to the accompanying drawings.

I The natural oscillations of a plate-
resonator. Figures 2, 3, 4, 5, 6, 7, 9, 10,

15 11,12, 13, 14, 15, 16, 17, 18, 19, 20 are

explanatory of the calculations. Figures 1
and 8a show simple forms of plate resona-
tors; and Figure 8 b, ¢, d, e shows various
forms of plate resonator, most of which

20 are 1ot easily amenable to calculation.

Ii: Constructions of plate resonators.
Figives 8f, 21, 22, 23, 24 show some
msathods of construction. :

ITi. Influence of the dielectric constant.

25 Figutes 33 and 34 are explanatory of the

discassien.

IV. Influence of damping. Figures 35,
36, 37, 39 are explanatory of the dis-
cussion.
oscillations.
Figures 25, 26, 27, 28, 29, 30, 31, 32
show various arrangements suitable for
this Durpose.

VI. Tuning the plate resonator. Figure

35 38 explains one of the objects of tuning ;

Figute 40 a method of achieving it.

VII. Useoftheplateresonator. Figuzes
41—46 show arrangements of the di-
eleciric suitable for modifying the dis-

40 tribution of the fleld. Figures 47, 43, 49,

50, 51 show apparatus swtable for apply-
ing the plate resonator to its primary
purpoese.

I. Tag NarUrAL OSCILLATIONS OF A
PLATE RESOCNATOR.

45 In certain simple cases the oscillations

of a plate resonator can be calculated.
The course of the calculation and the
meaning of some of the terms employved
will be elucidated. if it is ohserved that

there is a close, but not complete analogy
I 2y,

between the electrical oscillations of o
plate resonator and the acoustical oscilia-
tions of a stretched membrane : electric
intensity perpendicular to the surface

55 in the former corresponds to displacement

from the position of rest in the latter.
The following notation will be used —

d=distance between™ parallel plates

60 forming the resonator.

R=radius of circular plates.
@, b=sides of rectangular plates.
C=capacity of resonator.

E=electric intensity between the plates.

F=current flowing along surface of the
plate. -

g, p=dielectric constant and perme-
ability of medium between plates.
c=velocity of light.

v=c[4/cp. (n is always assumed to be
unity).

t=time,

T'=period of a mode of oscillation.

o=2r/T.

A=cT (the equivalent wavelength cor-
Tesponding to T and w).

o,=value of o for fundamental mode
of oscillation. .

w=value of o for a higher mode
characterised by integers ,, o . = ty,/®,

It will be assumed that the plates are
of infinite conductivity, so that E is
always perpendicular to their surface,
and that d is so small that dE/dn, where n
is the normal to the surface, is every-
where zero. Then the problem is two-
dimensional and d does not enter into the
equations so long as € and p are constant
between the plates.

(o) CircurAmr PLATE.

The first case is that of circular parallel
plates of radius R. Take cylindrical co-
ordinates r, ¢, z with origin at the centre
of cne plate, z being perpendicular to the
surface. Then if Maxweli’s equations are
set up and solved, the familiar equation
is obtained.

E=A,J, [mm;’-ﬂ 008 (). 008 (e,,) - (1)

where Jp is the Bessel function of the
first kind of the pth order. The integral
suffix ¢ corresponds to the ¢th root of
this function. = A,, depends on the in-
tensity of the excitation.

To proceed further.the boundary con-
ditions must be introduced. There are
two main conditions correspending re-
spectively in the acoustic analogy to a
clamped edge and a free edge. 7Tlie case
of the clamped edge above will Le dis-
cussed thoroughly : it is defined by the
boundary condition

E=o.whenr=R, - - - . (3)
that is to say, the electric intensity is
zero at the edge. Physically this repre-
sents loading the edge with a larger
capacity, as will be explained later.

If x, is the q¢th root of J,=0, the
values of w,, are given by

R .

(')nu:wm.',[_, SR )
The values of x,, for various values of p,g
are well known and have often heen
tabulated. Home of them are given in
the second column of Tigure 7, the
valies of p, ¢ heing indicated in the
first column. The values are arranged
In ascending order of magnitude. The

76

]

80

85

90

95

100

105

110

115

120

125



417,564

third column gives o, i.e. the ratio of the
frequency of the higher modes (which
are those for which either p or ¢ is finite)
_ to that of the fundamental mode p=g=o,
5 The variation of J, (x) with its argu-
ment z is shown in Figure 2 for some
of the lower values of p.
* As in the acoustical analogy, the
various modes of oscillation are charac-
10 terised by various configurations of the
nodal surfaces, that is to say, the surfaces
along which Ii=0. These are of course
(1) eylinders r=constant, where # has a
value for which
»

15 [ ' 4
J,,me.a]=0 D))

and (2) planes ¢=const, where ¢ has a
value for which

cos (pp)=0 - - - - - - - (5)
These surfaces intersect planes parailel”
to the plates of the resonator in nodal
. lines ; these nodal lines, rather than the
nodal surfaces, will be discussed in the
sequel.

Fizure 2 a, b, ¢ shows E as a function
of r across any diameter of the plate,
for p=o0 and g=9, 1, 2 respectively. In
the fandamental mode p=g=o0. the only
nodal lineis theedge r=R. Inthe highcr
modas cne or more nodal lines aprear
on the surface: they are shown in
Fioure 4 a, b, ¢, which correspond to
Fizare 3 a, b, ¢. In these Figures (and
in Figures 11, 12 12 below), F, repre--
sented by the dotted line, is the current ;
it is 2 maximum where E is a minimum
and viee versa. These circular nodal
lines appear in virtue of (4). )

When p is finite, radial nodal lines
appear in virtue of (5). These are shown
in the richt hand column of Figure 7,
for the values of p and ¢ thus tabulated.

20

25

30

[U sin

: ) , ¢, are any finite integers,
85 where p; ¢y P, (2 A g
satisfving the condition

E=A,, sin (ot 3)

b2p2atq=bpFatq® - - - - (8)
W=7 \/ﬁl}' - bE
- - (9

The conficurations of the ncdal lines
depend on the value of v/u. Wnen
» u=o some of them are given by IFigures
11—16. which need no further explana-
tion in view of what has been said about
95 Figures 5—6. The values of p, ¢ are

90

Tl . Tl .
I gin SR V sin
a b *

Figures 5 and 6 show the distributions -

of charge on the surface of the plate;
a nodal line always separates two areas
over which the charge is of opposite
sign. Figure 5 corresponds to p=i2,
g=3, Figure 6 to p=2, ¢=0. This
last figure is drawn so as to show that
the radial nodal lines do not really externd
completely across the plate: the point
r=0 is avoided and in its neighbourhcod
the lines are hyperbolic. :
Figure 9 is a nomogram giving the
relation between the corresponding wave-

length A for various modes of a plate- -

resonater of radius R. To obtain A a
straight line is drawn through the appro-
priate value of R on the right hand scale
and the appropriate values of p, ¢, on
the centre scale ; the intersection of the
line with the left hand scale gives:aA.
Thus for the fundamental mode (p=¢=0)
of aresonator with R=10cm., A=26.2 cm.,
and ©=1.14 X10° Hertz. For the same
resonator in the higher mode p==2,
A=12.2 cm. 3
The other main boundsry condition
corresponds in the acoustical analogy to
a free edge. It is defined by g
dE!/dr=0 when r=R - - - - - (

N -

6)

and means physicaliy that the edge.is

far from all conductors. This condition
will not be discussed further ior the
circular plate. -
(b) Rectangular plate. s
The other case amenable to calculation
is a pair of parallel rectangular plates
having sides of length @, 4. Cartesian
coordinates are taken with the crigin
at a corner and Z perpendicular to the
plate. With the same assumptions the
same meaning of E the equation corre-
sponding to (1) is -

pe -

)

x

T:P:

a

sin

AN
bJ

given above each Figure. The funda-
mental mode is now that for which
p=g=1: it is shown in Figure 11; the
other fizures show higher modes.

The erfect of other values of #/uis shown
in Figure 17. Allconfigurations in Figure
17 have p=1, ¢=2: 1in 17a, viu=0, in
17d2iu=1.in 17e vju= oo, in I7h and 17¢
»/u is fractional.

The periods and corresponding wave-
lengths of the various modes of oseiila-
tion can be obtained from (9). Figure- 10
is a nomogram corresponding to Figure 9
for symmetrical modes in which » #=0.
The right hand scale gives ¢: an inter-
mediate line corresponds to each value
of k=a b : along these intermediate lines
the values of p. g are marked.

7=0, -
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5

20

25

30

a: central working line drawn thicker.
The point on the line for the appropriate
values of is projected horizontal on to
this central line ; a straight line through
the value of @ on the right hand scale

_and this projected point tken cuts the

left hand scale at the corresponding A
Phus from the two lines drawn it will

‘be scen that, for ¢=20 em., b=10 cm.,’
S

L

f
where (8) and (9) still hold. ,

- Figures 18, 19, 20 corresponding to
Figures 11, 12, 12, show the configura-
ion of the nodal lines when v/u=0 for
p=q=1, p=2, ¢=1, p=3, ¢=L The
fundamental mode is again p=g¢g=l;
it is important to notice that in this case,
when the edge is free, there are nodal
lines on the centre, and not merely at the
¢dge, even in the fundamental mede.
The fandamental mode is therefore not
always characterised by the absence of

. nodal lines on the surface.

35

40 p,c,de.

50

55
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65

70

“for the reason illastrated in Figure

Perfectly conducting parallel circular
and rectangular plates are the oply forms
of plate-resonators whose natural ire-
quencies are easily caleulated. But other
forms are permissible according to the
invention. A few other permissible geo-
metrical forms are illustrated in Figures 8

I1. CONSTRUCTION
- The plates of the resonator may be of
golid metal. The assumption of perfect
conductivity can never be accurately
true ; but it will be nearly true if copper,
silver or aluminium is used. If a lower
conductivity is required (for a reason
to be discussed presently) iron. or nickel
may be used, or even an electrolyte, as
shown at Figure &f.
For some purposes it is desirable that
the plates should be transparent. Thin
films of gold, silver, platinum deposited
on glass may be used. The thinner the
film, the less the absorption of light,
but the greater the electric resistance.
. Wire gauze can also be used for the
plates. One form of plate resonator
using wire gauze is shown in Figure 21 ;
the gauze 7 is clamped between metal
rings 3, 6 by screws 8. In order to chtain
good contact between the wires at their
Tntersections. the wires at these places
may be united. for example by electro-
plating. The substitution of gaunze for
a continuous plate alters somewhat the
natural frequencies. This is doubtless
39

pon

Current can flow freely only along the
directions marked I, II; if it has to flow
in an intermediate direction, it can only

oF PLATE-RESONATORS.

the fundamental mode, p=¢=1 gives A
=18 cm.; whilst the mode p=1, ¢=3
gives A=6.6 cm.

Equation (7), like equation (1), refersi

to a clamped edge, ie. E=0 on the.
boundary. For a free edge, when the
variation of B perpendicular to an edge
is zero everywhere on the boundary,
the appropriate equation is '

E=A,,sin (wi+B) (Ucos Ecl’llﬁcos %‘g +V cos?‘-'fézcos‘[i‘ll;ﬂ} - - - - (10)

follow a zig-zag line, such as is shown
at I1I. The path of the current is there-
fore longer than it would be if the plate
were continuous. Hence, as might be
expected, the effective radius R in (3) is
greater than the actual radius. The in-
crease in R is not susceptible of exact
calculation, but it is usually less than that
calculated on the assumption that the
current follows the path [T and agrees

more nearly with that caleulated from a

path such as IV.

A gauze plate resonator may consist
of two gauze plates (as shown at @ in
Figure 23) or a gauze plate and a con-
tinuous plate (as shown at b) or one gauze

plate in air and another in another

medium (as shown at ¢). -
Since oscillations with a ““iree”’ edge
may be greatly disturbed by stray fields,
it is generally preferable to use the
oscillations with a “clamped’ edge.
The method of “clamping”, or intro-
ducing capacity at the edge, is shown
in Tigure 24. Here the piates 1, 2 of
the resonator with their coupling con-
ductors 2, 4 (to be discussed below) are
enclosed in a conducting cylinder 9, which
may be of metal or siivered glass. The
distance between the edge and the cylin-
der may be about R/10." In order to fix
the position of the nodal diameters, a
metal block 10 may be fixed to the
cylinder at one peint between the plates ;
it should not extend so far inwards as
to cut a line joining the edges. A nodal
diameter will then terminate in the
neiechbourhood of the block, or at least

pe

10

15

5

80°

85

90"

095 i

100~

105

will be deflected at its end towards that 110 l

neighbourhood. By the use of several
blocks of this kind the configuration of
the nodal lines may be influenced : circles
may be distorted into ellipses and =0 on.

The block may be fastened to the edge 115

of the plate rather than to the cylinder.
If rods of regularly increasing length
are fixed round the edge of the plate along
radii, configurations with spiral nodal
lines can be produced.
TII. INFLUENCE OF THE DIELECTRIC
CONSTANT.
If the medium between parallel plates

A
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is homogeneous, ¢ enters only by deter-
-mining v in equation (2) and d is without
influence on « so long as the assumptions

, stated above are true. But if the medium

5 between parallel plates is made up of
N+-1layers each of thickness d, dielectric
constant e, (n=0 to N), the resultant
dielectric constant «,, determining v,
is given by p

= 2dyfe,

consequently d
and A
Suppose then we have an arrangement,
such as is shown in Figure %4 con-
15 sisting of two circular metallic plates of
radius R, 112, 113, between which lies
a trough having side plates 114, 115
abutting on a ring 116 and filled with
liquid 111. The thickness of the plane
20 layer of liquid is d, and its dielectric
constant ¢;, the total thickness of the
side platesis d, and the dielectric constant
of their material (e.g. glass) e,>1 the
distance between the plates is d, so that
o5 the thirdlayer, air, of dielectric constant 1,
has a thickness d—d —d,. .. for the
combination can be caleulated from (11)
and can be altered by changing d as
well as by changing <. by aitering the
&0 composition andsor temperature of the
liquid.

Variation of =, and therefore of 2,
by means of d is useful for tuning the
resonator to a given frequency. For

35 this purpose the nomogram shown in
Figure 33 may be emploved. The right
hand scale gives R. The intermediate
lines. each corresponding to a mode of
czcillation J, (z), bears scales of <,
%0 Thé left hand scale gives 2.  To deter-
~ mine the value of d corresponding to a
given A, we join this A to the appropriate R
by a straight line ; from the point where
this cuts the thick central line (not corre-
sponding to any J, () ), we draw a hori-
zontal line: this cuts the approbwiate
line for J, (x) at the right vaiue of .,
Thus, the line marked [m!, shows
that to excite oscillations for which
4=10 em., in circular plates of radius
8.0 em.. the mode being that of J, (xy,),
.., must be about 2. If dy. 2y, d,. 3,
are iixed. we can draw a curve irom
(11) relating =z, and d. and thus deter-
mine the appropriate value of . (The
lines marked Lin and st in Figure 22 cor-
respond to other valucs of R and 7).

IV. INFLUENCE oF Daarive.

In the caleulations of Section I the
system was assumed to be non-dissipa-
tive. Actually there are three muain
sources of dissipation :—(1) ohmie con-
ductivity of the dielectric separating
the plates, (2) viscosity opposing the

10

partly determines o, T

45

ot
ot

‘these properties and of R and d.

orientation of dipoles in the dielectric €
(thisis discussed in the co-pending applica- -
tion 32,555/32, Serial No. 417,501, (3}«
resistivity of the material of the plates. -

. In virtue of the dissipation, the oscilla-
tions of the plate resonator will ber.y
damped and will be characterised by as
damping coefficient K defined (as usual):
by the statement that, during a single -
period the amplitude of the oscillations
decreases in the ratio 1 : ¢—27x,

We may write .

K=a (B;+K)+K,; - - - - (12)
where K, K,, X, depend on the ohmic .
conductivity of the dielectric, its viscosity
and the resistivity of the plates. The -
quantity ¢ is introduced, because the ,
physical nature of K,;, K, is different ,,
from that of K. It would be possibie ..
to caleulate K,, K,, K,, a, in terms of .
But . gy
such a caleulation would not be helpful. ..
However the general effect of these:
sources of dissipation can be appre- .-
ciated by means of Figures 25, 56, If ..
we suppose the dissipation represented .90
by X to be concentrated in the dielectric = .
of Higure 34, the medium between the K3
plates is equivalent to the network of
Figuve 55, the condenser C, representing .
the non-dissipative part of the medium
and C,,shunted by an ohmicresistance R 1
representing the dissipation part. This ,;
again, by a known transformation, is -
equivalent to the network of Figure 36, .,
being a simple condenser Cy.. shunted
by a resistance Ri. C.. and R,,. are
functions of K, K, K, . .

The presence of the equivalent network ..
of figure 36 connecting the plates of the :
resonator has two efiects familiar from
the general theory of oscillations. First |
it broadens the single resonance frequency
into a resonance band, so that the resona-
tor can be excited. not only by a frequency
equal to its natural frequency, but also
by a frequency differing somewhat there-
from. This effect is shown in Figure 27,
where the ordinate measures the ampli-
tude of the oscillations exeited in the
resonator by {requencies corresponding
to the abscisse. Two curves are shown,
one for a greater and one for a lesser
value of the equivalent damping coefficient
K. The broad resonance band produced
by damping can. of course, be used to
avoid the need for exact tunine.

The sccond effeet is a shift of the
natural frequency. This may te repre-
sented by an effective dielectric constant
g determining », and thus « and 2, in
() and (9). =, will be a function of d
as well as of K|, K,. X, «. ¢,. When
the damping is large, = depends little
on g;. For this case Ligure 29 gives

7

8C

110
15

120
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- the-value of d corresponding to ez, when
d,, the layer of dielectric in which all
the - dissipation is supposed o be con-
contrated, has the value marked against

5 the curves.

It is-to be observed that if a plate
oscillator is excited by applying to it
suitably a voltage E'=Eg cos o, Ay

__in equations (1) and (7) which measures
10 the amplitude of the resulting oscilla-

tions will be given by

qu=E0' """"" (13)

This result is, of course, a commonplace
in the general theory of oscillations.

15 V. EX0rTaTioN OF THE OSCILLATIONS.

“The plate resonator can be excited by
any high frequency generator, for in-
stance a valve generator, which can be
tuned accurately to the natural fre-

90 quencies of the resonator. Since the
damping of the resonator is usually
small, the coupling between generator
and resonator must be loose. Appropriate
coupling means are shown in Figure 25.

o5 Here parallel conductors 45, 46 are fed

~ from the valve oscillator 54. They carry
small spheres 47, 48. Opposite to these
spheres are similar small spheres 49, 50
at the ends of short conductors fixed to

30 the back of the resonator plates 51, 52.
The capacity between the spheres 47, 48
on the one hand and spheres 49, 50 on the
other provides the coupling. The con-
denser 53 bridging the ends of the parallel

85 conductors is placed so that 47, 48 lie
at:a voltage loop or anti-node as shown
by the dotted lines. Of course if less
than the maximum excitation is required,
they may lie elsewhere than at a loop.

40 The spheres 49, 50 need not be fixed
to:the centres of the plates as shown in
Figure 25, they may be eccentric as
shown in Figure 26. The parallel con-

 ductors 65, 66, terminate in a conducting

&5 bridge 73. The conductors again carry
spheres 63, 64 opposite the spheres 61, 62
on the plates 59, 60.

If closer coupling is required than is
provided by the adjacent spheres, because

50 the plate resonator is highly damped,
one of the methods shown in Figures 27,
28, 29 may be adopted. In Figure 27,
the coupling means 53, 56 is a sphere on
the plate surrounded by a ring fed by the

55 generator ; in Figure 28 the coupling
means 57, 58 are opposed plates, instead
of opposed spheres ; in Rigure 29 plates
89, 99 lie close against the resonator
plates 87, 88 and are metallically con-

60 nected to the generator by leads 85, 86.
In this last method the point of coupling
may be easily moved over the surface of
the plates.

Figures 30, 31, 32 show a method of

exciting the oscillations with a “‘ clamped”
edge. In Figure 30 the circular plates
94, 95 are enclosed in the cylinder 92;
a side tube 91 acting as one of the leads
(corresponding to 45, 46 in Figure 25)
is connected to 92 and carries a small
sphere opposite the edge of 95 ; a lead 93
concentric with 91 carries a small sphere
opposite the edge of 94. In Figure 31
the coupling is inductive ; a loop 96 with
leads 97, 98 extends between the plates.
Tigure 32 shows an arrangement suitable
with larger plate resonators. The leads
are a tube 99 forking into two branches
1090, 101 and a concentric wire ; they are
tuned by the reflector bridges 102, 1G3.
The plates are coupled to the wire by
means of the leads 104, 105 ending in
small spheres. A trombone-like portion
108 enables the length of the leads to be
adjusted and thus the loop of the field
along the leads to be brought opposite
to 104, 105 for various frequencies. Alter-
natively, if the frequency is constant,
104, 105 can be made to coincide with
points between a loop and a node and
the strength of the excitation thus varied.

VI. TuviNg THE PrLATE-RESONATOR.

As was stated above one of the chief
uses of a plate resonator is the alteration
of the properties of dipolar substances
by exposure to an electromagnetic field
of quasi-optical frequency. In such sub-
stances the dielectric constant varies with
Ain some such manner as that shown in
Figure 38. There is a rapid change of ¢
between the wave-lengths A, and A,;
in this region lies a characteristic period
or frequency of the substance, which
must coincide with the period or frequency
of th.e field, if the desired effects are to be
obtained. It is important therefore to
tune the resonator to this period or
frequency.

For this purpose use may be made of
the alteration of the optical double refrac-
tion of a dinolar substance when exposed
to a field of quasi-optical frequency.
Apparatus suitable for this purpose is
shown in Figure 40. The plates 120, 121
of the resonator are coupled by the con-
ductors 122, 123 to the parallel con-
ductors 124, 125 fed by the valve generator
126 and tuned by the bridge 127 ; or it
can be excited by other means described
above. The distance between the plates
can be adjusted accurately by means not
shown. Between the plates lies a trough
128 containing a dipolar substance, whose
temperature can be varied by means of
the heating coils 129 enclosed with the
plates and the trough in the casing 130
which serves as a screen. The plates
must be partially transparent, thus they
may be thin films on glass or wire gauze,
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as described above.
The optical parts include the source
137, the condensing lenses 131g, 1310,

1320, 132b adjusted so that the beam

converges through the polariser 123,
passes as a parallel beam through the
plates and trough, diverges through the
analyser 134 and finally reaches the
observing screen 128. 135, 136 arve
quarter-wave mica plates to produce
circularly polarised light; they may or
may not be present. In place of the
incandescent source 127 shown, it may be
advisable to use an ultra-violet source,
such as a mercury vapour lamp ; for the
change of double refraction is usually
greatest in the uitra-violet. Glass must
then be replaced by quartz in the optical
path; a fluorescent screen of matt
uranium glass may be used at 138.

If, in the absence of the quarter-wave
plates, the polariser and analyser are set
to extinetion and the field of quasi-optical
frequency then applied to the plates 120,
121, a pattern will appear on the screen
138 determined by the configuration of
the nodal lines. For the double-refrac-
tion depends on the strength of the field ;
it will be less along the nodal lines than
elsewhere. From the pattern seen it is
therefore possible to deduce the mode of
oscillation and thus the frequency. If
the plates 135, 136 are used with the
incandescent source 137, the pattern will
appear in colour.

If the frequency of the generator
is modulated, combination frequencies
appear which produce varying extremely
complicated nodal configurations on the
screen, which can be observed visually
or by photoelectric cells and thus
audibly.

VIL Usk or THE PLATE-RESONATOR.

In order that a plate resonator may
be used for the purpose mentioned at the
beginning of the Jast section, the sub-
stance whose energy content is to be
changed must be introduced between the
plates. If it is a liquid, it will be con-
tained in a trough. There are certain
advantages, which will now be pointed
out, in making the trough lens-shaped, as
shown in Figures 41-—46. In all these
Figures, the substance to be acted upon
is supposed to be contained in the central
parallel sided portion (144 in Figure 41 ;
marked e, in Figures 43, 45). The lens-
shaped portions (142, 143 in Figure 41,
marked <, in Figures 43, 45) are of glass
or are filled with a liquid of high dielectric
constant. 140, 141 (and similar parts
in the other Figures), are the plates of
the resonator.

In the first place, the lens-shaped trough,
if equivalent to a condensing lens, can be

used to replace lenses 152¢, b in Figure 46.
But, more important, it can ke used to
influence the distribution of the field.

It follows from (1) that if ecc, 31— so that

2
e, B is independent of » and the field
is uniform along any radius. If ¢ is
identified with ¢, in (11), this result
can be ohtained by giving a suitable
shape to the boundary - between the
medium of higher dieleciric constant e,
and that of lower dielectric constant <,
such a boundary is shown in Figure 42,
where 145, 146 are the resonator plates
whose distance is d; d, is the thickness
of the medium ¢, at any r. Since the
boundary outs the plates at m, %, this
boundary is not practicable; but an

X8

-approximation to it, such as is shown in

70

5

80

Figure 42, will make the feld nearly -

independent of . Alternatively if the
lens is bi-concave, as shown in Figure 44,
the field is concentrated at the centre

85

of the plates. Other lens systems, having -

effects similar respectively to those of
Figures 43, 44, are shown in Figures 45,
46. Here the lenses do not form the
sides of the trough, but are attached to
the plates. #

Tigures 47, 48 show two elevations
at right angles of an apparatus suitable
for subjecting a dipolar liquid to the
field of a plate-resonator. :

The double-walled ecylindrical casing
201, 202 is closed at either end by the
insulating plates 202, 204. Tt contains
the plates 205, 206 supported on insulat-

90

95

100

ing rods sliding in sleeves 207, 208 borne -

on the plates 202, 204; their distance
can be varied by means of micrometer
screws 209, 210. Energy is supplied to
the plates by the branched conductors
211, 212, whose ends are coupled to the
plates as shown at 212, 214. - A trough 215
is supported between the plates by the
adjustable insulating supports 216 sliding
in the sleeves 217, Eleetrical heating
elements 218 are arranged within the
casing to control its temperature.

When the substance has to be cooled
quickly, in order to ‘‘freeze” it (as
described in application No.
(Serial No. 417,501)) a low boiling point
liquid is introduced in the form of spray
by the pipes 220, 221, 222 terminating
in nozzles; air is injected through the
pipes 223,
tion. The air and vapour is carried
away by the tube 227." 226 is a door
with an observation window. Steady
high tension (for the purpose explained in
application No. 32,555/32, (Serial No.
417,501)) is supplied through chokes 228,
229. The arrangement shown at 230
enables the apparatus to be swung into

224, 225 to promote evapora--
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120

125



417,564

-11

the vertical position. )

When the dipolar substance is solid
(for example-a food stuff to be preserved)
the arrangements shown in Figures ¢9—51

5 are suitable. Hoare the plates of the
resonator are rectangular.

In Figure 49 the plates 221, 232, 223,
separated by insulating distance pieces
224, form shelves on which the material

10 may be placed. Means for excitation
are shown in Figures 50, 51 which are so
similar to Figure 25 that no further
description is needed. In Figure 51 the

_ leads are concentric and similar to those

15 shown in Figure 0.

Having now particularly described and
ascertained the nature of our said inven-
tion and in what manner the same is to
be performed, we declare that what we

20 claim is :—

1. A device for generating a concen-
trated electromagnetic field of quasi-
optical frequency comprising a plate
resonator and means independent of the

2r, said resonator for exciting it into one or
more of its natural electromagnetic oscil-

lations. .

2. A device according to Claim 1 in
which the edges of the said resonator

80 are so far from other conductors that
the modes of its natural oscillations are
substantially those characteristic of a
free edge, as hereinbefore defined.

3. A device according to Claim 1 in

35 which the edges of the said resonator

are so closely surrounded by a conductor

that the modes of its natural oscillations
are substantially those characteristic of

a clamped edge, as hereinbefore defined.

4, A device according to Claim 3
in which the suwrrounding conductor
approaches the edge more closely atb
some points than at others, whereby
nodal lines are caused to terminate at
45 the points of nearest approach, or to be

distorted towards those points.

3. A device according to Claim 1, 2,
3 or 4 in which the plate resonator con-
sists of one or more pairs of parallel

50 plates, circular or rectangular.

6. A device according to Claims 1, 2,
3 or 4 in which one or more plates of
the resonator consists or consist of a metal
film on a badly conducting support.

59 7. A device according to Claims 1, 2,
3, or 4 in which one or more plates of
the resonator consists or consist, in part
at least, of wire gauze.

8. A device according to Claim 7 in

60 which the wires constituting the gauze
are joined conductively at their inter-
sectlons.

9. A device according to Claims 1, 2,
3, or 4 in which one or morc of the plates

40

layer of electrolyte.

10. A device according to any preced- -

ing claim in which there are between the
plates of the resonator a plurality  of
substances all of which have not the same
dielectric constant.

0

11. A device according to Claim 10

comprising means for varying the dis-

tance between the said plates whereby

theresultant dielectric constant, as herein-
before .defined, can be varied.

12." A device according to any of Claims

1—11 in which the said means for excit-
ing the said resonator comprise a valve
generator tuned to the frequency or fre-
quencies of one or more of the natural
oscillations of the resonator.

12. A device according to Claim 12 in
which the said valve generator is capacita-
tively coupled to the resonator by means
of one or more conductors each of which
is connected to a plate of the resonator
and approaches, but does not touch, one
of a pair of conductors connected to the
output terminals of the valve generator.

14. A device according to Claims 3
and 13 in which the said pair of conduec-
tors are a tube and a conductor con-
centric with the said tube. ’

15. A device according to Claim 14
in which the said tube and concentric
conductor have a trombone-like part,
whereby their effective length can be
varied.

16. A device according to Claim 12 in
which the said valve generator is in-
ductively coupled to the resonator by a
loop, passing between the plates of the
resonator, with its ends connected to the
terminals of the valve generator. .

17. A combination of a device accord-
ing to any preceding claim with optical
apparatus comprising a source of radia-
tion, a polariser and an analyser for said
radiation, whereby the change of double
refraction of a medium between the plates
of the resonator with the intensity of the
field between them indicates the position
of the nodal lines.

18. A combination according to Claim
17 in which radiation emitted from the
said source is in the ultra-violet region
of the spectrum.

19. A combination of a device accord-
ing to any of Claims 1—16 with means
for introducing between the plates of the
resonator a dipolar substance whose
energy content can he changed by ex-
posure to an electromagnetic field varying
with quasi-optical frequency.

20. A combination according to Claim 1

19 comprising one or more lens-shaped
bodies of dielectric constant greater than
that of air arranged between or fastened

75
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hereinbefore described.

21. A combination according to Claim
20 in which the said lens-shaped body or
bodies forms the side or sides of a trough

5 containing the dipolar substance.

22. A combination of a device or a
combination according to any preceding
claim with means for applying a constant
potential between the plates of the plate

40 resonator.

23. Apparatus for subjecting a dipolar
substance to an electromagnetic field of
quasi-optical frequency substantially as
described with reference to any of Figures
47—51, 15

Dated the 18th day of April, 1924.

For the Applicant,
J. Y. & G. W. JOHNSON,
Chartered Patent Agents.

Redhill: Printed for His Majesty’s Stationery Office, by Love & Malcomson, Ltd.—1934° !
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