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[57] ABSTRACT

Ferroelastic materials vary in their even-rank polar
tensorial properties or similar anisotropic properties
when they are. shifted from one orientation state to
another. A body of such ferroelastic material is com-
bined ‘with means for applying stress above a certain
value thereonto to cause a transition of the orientation
state.
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CONTROL OF MICROWAVE POWER BY
APPLYING STRESS TO GADOLINIUM MOLYDATE
SINGLE CRYSTAL

CROSS-REFERENCE TO RELATED APPLICATION

This application is a continuation-in-part of applica-
tion Ser. No. 862,619 filed Sept. 9, 1969, now aban-
doned and is related to the subject matter in co-pend-
ing application Ser. No. 166,663, filed July 28, 1971.

BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention relates to a device employing fer-
roelastic material utilizing the change in an even-rank
tensorial property or a similar anisotropic property of
the ferroelastic material caused by the state shift and to
a ferroelastic element comprising a body of a fer-
rcelastic crystal and means for causing. such a state
shift.

2. Description of the Prior Art

As is well known, ferroelectric materials have two or
more different orientation states (polarization) under a
normal state (i.e. in the absence of electric field and
mechanical stress). When an electric field above a cer-
tain value is applied to such ferro-electric raaterials,
their polarization can be shifted from one orientation
to another. For example, potassium dihydrogen
phosphate (which will hereinafter be abbreviated as
KDP in this specification) has two opposite polariza-
tion states in the absence of an electric field and stress
and one spontaneous polarization can be shifted to
another by the application of an electric field above
1000 V/cm. Here, the crystal structure of a KDP crystal
is' equivalent to a rotation by 180° or a mirror image
upon the polarization reversal. (Some ferroelastic
materials have the same crystal structure for different
orientation states.). . ‘

The electric polarization is a polar vector, i.e. a pro-
perty expressed as a first-rank polar tensor and has the
following properties: '

1. All the other first-rank polar tensorial properties
change upon the change of the electric polarization on
the one hand; and

2. The electric polarization changes upon the change
of an arbitrary first rank polar tensorial property on the
other hand. ‘ ‘ .

In short, ferroelectric materials have such a tendency
that the first-rank polar tensorial properties change
upon a state transition.

Further, not only the first-rank but also all the higher
odd-rank polar tensorial properties change upon the
change of the electric polarization.

Physical quantities having an odd-rank tensorial pro-
perty include such quantities as the piezoelectric
modulus, electro-optic coefficient, coefficient of higher
harmonic generation, etc.

The present inventors have found that some crystals,
such as gadolinium molybdate, vanadium dioxide,
KDP, etc., have different orientation states (a) and (b)
as will be seen in FIG. 1 and the transition between dif-
ferent orientation states such as from state (a)to (b) or
(b) to (a) can be achieved by the application of a
mechanical stress of 100 kg/cm? or more in a direction
perpendicular to the two axes a and ¢ of the crystal.
Such crystals show a squarish strain x vs. stress X
hysteresis property, as will be seen in FIG. 2, and flips
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over from one strain orientation state AB to another
state CD by the application of a stress above a certain
value (the critical value being indicated at Xc¢ in FIG. 2
and hereinafter referred to as the “coercive stress”).
The two orientation states are enantimorphous in their
crystal structure. The present inventors call materials
having such properties “ferroelastic material” after fer-
roelectric material, in this specification.

According to the study of the inventors, a fer-
roelastic material generally performs a phase transition
into the paraelectric phase. Two ferroelastic materials
are called as belonging to the same “species” when
their point groups and the point groups of their cor-
responding paraelectric phases are both identical.
Then, there are theoretically 94 possible species as
listed in Table 1. Each species is expressed by a letter F
with a prefix and suffix. The prefix designates the point
group of the corresponding paraelectric phase and the
suffix designates the point group of the ferroelastic
material itself. Numerals 2, 3, 4 and 6 in prefix or suffix
denote two-, three-, four- and six-fold axes of symmetry
of the point group respectively, and numerals with bars
3, 4and 6 denote 2/3, 2/4 and 2%/6 rotational enan-
tiomorphism. Reference m denotes a mirror plane.
Further, for example, 4 m denotes that. the four-fold
axes of symmetry and the mirror plane are parallel to
each other and 4/m denotes they are perpendicular to
each other. Numerals in the second column denote the
total number of orientation states belonging to respec-
tive species and in the third column materials belon ging
to respective species are listed. Symbols in brackets (P)
and (8) in the first column express the followin g states:

a. When the paraelastic phase belongs to the non-
cubic system, (P) denotes that the crystallographic
unique axis of the ferroelastic phase lies along the
crystallographic unique axis of the paraelastic phase;
and

b. When the paraelastic phase belongs to the cubic
system, (P) denotes that the unique or an important
axis of the ferroelastic phase lies along one of the cubic
principal axes of the paraelastic phase and (8) denotes
that the unique or an important axis of the ferroelastic
phase lies along one center line of the diagonal planes
of the cubic lattice of the paraelastic phase.

According to the above-described classification,
gadolinium molybdate, KDP and vanadium dioxide be-
long to . species 42 mFmm2, 32 mFmm?2 and
4/mmmF2/(S), respectively.

TABLE 1
Number

of
states

Species Examples
2F1

mF1
2/mFT
222F1
222F2
mm2F1
mm2F2
mm2Fm_
mmmF1
mmmF2/m
4F1

4F2

4F1

Rochelle salt

4/mFT
4/mF2/m
422F1
422F2(S)
422F2(P)
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422F222
4mmF1
4mmF2
4mmFm
AmmFmm2
42mF1
2mF2(8)
42mF2(P)
42mFm
P2mF222
42mFmm2
4/mmmF1
4/mmmF2/m(S)
4/mmmF2/m(P)
4/mmmFmmm
3FL

3F1

32F1

32F2

3mF1

3mFm

3mF1

3ImF2/m

6F1

6F2

6F 1

6Fm _

6/mF1
6/mF2/m
622F{
622F2(S)
622F2(P)
622F22
6mmF1
6mmF2
6mmFm
6mmFmm2
6m2F1

ém2F2
6m2Fm(S)
6m2Fm(P)
6m2Fmm2
6/mmmFT
6/mmmF2/m(S)
6/mmmF2/m(P)
6/mmmFmmm
23F1

Gdx(MoQ,);, KDP

Vanadium dioxide

Nmaowmmmc\wuaa\;wa\c\nua\ua\ua\wa\ua\uoxwun:-&mnmhb:zooNA:-oe

—

—

Methylammonium
aluminum sulfate
dodecahydrate
ammonium cadmium
sulfate

23F2

-

23F222
23F3_
m3F1
m3F2/m
m3Fmmm
m3F3
432F1
432F2(S)
432F2(P)
432F222(SS)
432F222(PP)
432F422
432F32
43mF1
43mF2
43mFm
43mF222 6
43mFmm2 6
43mF32m 3
43mF3m 4
m3mF1
m3mF2/m(S)
m3mF2/m(P)
m3mFmmm(SS) 6
m3mFmmm(PP) 6
3
4

— N —
bV ERALWONBW

24

m3mF4/mmm
m3mF3m

“Ferroelastic materials’’ change their strain in ac-
cordance with the state transition of strain. The strain
is, as is well known, one of the properties expressed as
second-rank polar tensors. Generally, when an arbitra-
ry second-rank polar tensorial property changes, all the
other second-rank polar tensorial properties and
further all the higher even-rank polar tensorial proper-
ties also change. Namely, all the even-rank (second-
rank, fourth-rank, . . . ) polar tensorial properties of a
ferroelastic material change in accompany with a state
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transition. Examples of second-rank polar tensorial
properties are refractivity, electric susceptibility, elec-
trical conductivity, thermal conductivity, coefficient of
thermal expansion, etc. and examples of fourth-rank
polar tensorial properties are modulus of elasticity, and
coefficient of electrostriction.

The manner of change of these even-rank polar ten-
sorial properties, i.e. how they change in accordance
with a state transition, is made clear for respective spe-
cies. Taking species 42mFmm?2 as an example, x, y and
z coordinate axes are taken in such a manner that the z-
axis is parallel to the four-fold axis of symmetry and x-
and y-axes are perpendicular to the two mirror planes
of symmetry in paraelastic phase. In the paraelastic
phase, strain expressed as a tensor:

~§Kx (6u, Buy 6u, ,)

(wx ima i ' 6_uy ouy

2 8x 2 Sy
U,

Y
(Bu. Bu,) (Gu. . Bu,,)
3 & ' 5

changes in accordance with a state transition. Here, u
denotes displacement and u,, 4, and u, denote x, y and
z components of the displacement, respectively.

In crystals belohging to species 42mFmm?2, the strain
tensor (1) becomes

85 (1)

\

Sy
duy
0 . 0

0 o

85 (2)

The strain tensor (2) generally shows the property of a
second-rank polar tensor

a0
0b0

00c¢ (3)

which shifts into

boo
Oadl

00c¢ (4)

upon the state transition of the crystal since its struc-
tures before and after the transition are in the relation
of 7/2 rotation and mirror reflection. As is described
hereinbefore, refractivity, electric susceptibility, elec-
trical conductivity, thermal conductivity, coefficient of
thermal expansion, etc. are also second-rank polar ten-
sors and have the above property in common.

Further, the quantity of elasticity dF/ds, the ratio of
stress F to displacement s of a ferroelastic body, also
shows the state or stress at a particular point in a fer-
roelastic body. Thus, we will take cartesian coordinates
x, y, z with the origin at this particular point. The stress
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perpendicularly acting from +x side of the yz plane to

—x side will be designated as X; and the tangential -

stresses as Y, and Z,. Therefore, stresses X, Yyand Z,,
act on the zx plane and stresses X, Y, and Z, on the xy
plane. When. these nine quantities are given at a par-
ticular point C, mutual interaction on an arbitrary in-
terface at said point can be determined. These nine

* quantities are, however, not independent but satisfy the
following equations:

Xe=Ys. Y,=Z, and Z,=X,.

Namely, a stress tensor is symmetric.

When displacement components along x-, y- and z-
axes induced by such stress in-a ferroelastic body are
denoted by u, v and w, the modulus of elasticity is ex-
pressed by

10

15

When a ferroelastic crystal belongs  to ' species
32mFmm?2, however, the matrix (5) can be written in a
simpler form as

"oy 03 Gs5 214(0) a15(0) a16(0) R
an Gz Gz G24(0) az5(0) az4(0)
831 @3 633 a3 (0) a3(0) az (0)
00 0 ay 6w Bv) 0
[y , dw
0 0 00 (4731 (3—5—!—‘6‘5
\ _ au du
\0 0 00 0 Qgg Gy
(5)

from the relation of symmetry. This elasticity tensor
can be rewritten as

Ty Ty Tz0 0 O
Ty T T0 0 O
Ty Taes T30 0 0
0.0 0 Tu0 O
0 0 0 0 Twx0
00 0 0 0 T4 (N

 ou 8y
£33 5z a2 a 1113 14 ( ) a5 ( ) Qg (*“‘l‘"—
a du a5 & a a Bw 6v
2 5o G 3y zz 24 25 —'+‘*
du & 6w B [/ 8
L3 32 a3 @ aaa a.u ( v) Qg5 ( u w) Q36 (
ouU &y 6w oy
ag 5z L2 3‘?; lhs Qg4 ( ) Qg ( ) 46 (—‘“f““)
du ov sw dw , &v du , Sw 6v 5u
51 3—:5 a5z 6_3; a5z o (2371 (By } éz) a5 ( f ) 220 (
U &Y dw Bw &v éu  dw & du
ey o hdd dd
§ 61 3z Qg 3y g3 52 227} ) Qes (62 5:1:) 6zT5y)
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and can be shifted to '
(Tu T T 0 O
Ty TuTis0 O
Ty TaTu0 O
0 0 0 TuO
0 0 0 0 Tsi0
0 0 0 0 0 Ty

o oo o

(8)

by a state transition.

Another example of such fourth-rank polar tensorial
property is the coefficient of electrostriction.

Further, other higher-rank polar tensorial properties
also change in response to a state transition. Thus, in
ferroelastic material, all the even-rank (second-rank,

(5)

fourth-rank, . ) polar tensorial properties change
with a state transition.

Species 42mFmm?2 has been described hereinabove,
but other species can be similarly explained.

SUMMARY OF THE INVENTION

An object of this invention is to provide a ferroelastic
device utilizing a change in an even-rank polar tensori-
al property or similar anisotropic property of a fer-
roelastic 'body - induced by a state transition of the
crystal structuze.

Another object of the present invention is to provide
a microwave power controlling device employing such
a ferroelastic material.

A further object of the present invention is to pro-
vide a light path deflecting device employing such a fer-
roelastic material.

BRIEF DESCRIPTION OF THE DRAWING

FIG. 1 shows the manner of change of lattice state of
a ferroelastic material induced by the orientation state
transition. i

FIG. 2 is a stress vs. strain hysteresis curve of a fer-
roelastic material.

FIGS. 3a and 3b schematically show unit lattices of a
crystal belonging to species 222F2 in two different
orientation states.

FIG. 4 is a schematic diagram of an embodiment.of
the invention. h
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FIG. § is a transverse cross-section of FIG. 4 taken
along plane V.

FIG. 6 schematically shows another embodiment of
the invention.

FIGS. 7a, 7b, 7c and 7d are schematic diagrams
showing various aspects of an optical shutting device
according to the present invention.

FIGS. 8a, 8b, 8c and 8d are schematic diagrams
showing various aspects of an optical path switching
device or light deflecting device according to the
present invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

FIG. 1 shows the manner of state transition of a fer-
roelastic body wherein letters a, b and ¢ represent
crystal axes. When a pressure above a certain value is
applied perpendicularly to the bc plane, a-axis con-
tracts and b-axis expands as can be seen from the left-
side to the right-side of FIG. 1. In this step, the crystal
structure or strain state is also changed as marked by
arrows of opposite sense. The strain state shows a
hysteresis phenomenon as is seen in strain vs. stress
curve of FIG. 2.

This invention employs ferroelastic material as is
listed in Table 1 and utilizes the transition of the orien-

tation state thereof induced by the application of a
stress. The direction in which a stress is applied to a fer-

roelastic body to induce the state transition is deter-
mined in accordance with the species to which the fer-
roelastic body belongs. Species 42mFmm2 will be
taken as an example.

Taking the z-axis as parallel to the four-fold axis of
symmetry (symmetry axis for /2 rotation) and the x-
and y-axes as parallel to the two two-fold axes of sym-
metry, a unit lattice of a ferroelastic crystal of species
42mFmm?2 assumes the orientations shown in FIGS. 3a
and 3b in the two orientation states. A crystal in the
state of FIG. 3a can be shifted into the state of FIG. 3b
by either applying pressure to the crystal surface per-
pendicular to the x-axis, applying tension to the crystal
surface perpendicular to the y-axis, applying both these
pressure and tension simultaneously, or by applying a
shearing stress along a crystal plane inclined at an angle
of 45° or another with the x- and y-axes. The reverse
transition is possible by applying stress in an opposite
direction.

In the case of species 222F2, such as Rochelle salt,
when the x-, y- and z-axes are taken parallel to the
three two-fold axes of symmetry in paraelastic phase
(z-axis being parallel to the two-fold axis of symmetry
in ferroelastic phase), a unit lattice of ferroelastic
material belonging to this species takes the orientation
states of FIGS. 3a and 3b. The state transition in this
species can be achieved by applying a shearing stress
along two pairs of crystal planes perpendicular to the x-
and y-axes or by applying pressure or tension to a pair
of parallel crystal planes forming an angle of 45° with
both x- and y-axes.

In this case, further, the state transition will be
facilitated if a pair of electrodes are provided on the
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circuited, since any electrostatic reaction during the
reversion of polarization will be eliminated by these
electrodes.
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By utilizing the phenomenon that even-rank polar
tensorial properties change with the state transition of
strain, ferroelastic material can be used as a modula-
tion element utilizing the change in (a) refractivity, (b)
absorption of the infrared rays, (c¢) electric susceptibili-
ty or electric conductivity or (d) modulus of elasticity,
a memory element in which information is written by
stress and from which information is read destructively,
or a memory element in which information is written by
stress and from which information is read non-destruc-
tively by light rays or the like.

Incidentally, when the z coordinate axis is set along
the axis of four-fold symmetry of a crystal in the
paraelastic phase, and the x- and y-axes are set perpen-
dicular to two symmetric mirror planes as has been
stated above, the coordinate axes x, y and z coincide
with the a-, b- and c-axes, respectively, of a crystal of
species 42mFmm?2.

Now, examples of the device according to the
present invention will be described. i

Example 1

As shown in FIG. 4, tapered supports 2 and 2’ of
copper for placing a crystal thereon are disposed at the
central portion in a copper wave guide 1 having a
height of 10.2 mm and width of 22.9 mm. Between the
supports is interposed a GMO single crystal element 3
which is cut in such a manner that its three pairs of op-
posite parallel surfaces are perpendicular to its a, b and
¢ axes, respectively, with its z surfaces (surfaces per- .
pendicular to the ¢ axis) being kept in parallel abut-
ment against the parallel opposite surfaces of the sup-
ports 2 and 2’. The y surfaces (surfaces perpendicular
to the b axis) of the single crystal element 3 are ar-
ranged to be perpendicular to the axial direction of the
wave guide 1. One of the x surfaces (surfaces perpen-
dicular to the a axis) of the element 3 is stuck onto the
rigid wall of the wave guide 1 with an epoxy resin adhe-
sive, while to the other x surface is adhered by 2 binder
one end of a threaded member 4 assembled with an in-
ternally threaded member stuck with an epoxy resin
binder to the wall of the wave guide 1 so that the
threaded member 4 can move forward and backward
along a direction perpendicular to the axial direction of
the wave guide as shown in FIG. 5 (a transverse cross
section of the wave guide 1). If, with such a screw
mechanism as adopted, a pressure of 100 kg/cm? is ap-
plied to the x planes of the GMO single crystal element
3 by turning the threaded member 4 in, for example, a
clockwise direction, then the element 3 will shift from
its existing state to its another state of strain, increasing
its dimension along the axial direction of the wave-
guide 1 and decreasing its dimension along the -
direction perpendicular to the axis of the wave guide 1.
The variation of the state of the element 3 will cause
the variation in the dielectric constant € of the element
(a second-rank polar tensor) so that the power of a
microwave, for example, of 10 GHz, travelling in the
wave guide will vary in response to the variation in the
dielectric constant € of the element.

In a similar manner, by turning the knob of the
threaded member 4 in the opposite or counter-
clockwise direction, the element 3 experiences a ten-
sion and it returns to its initial state (hence, also the
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dielectric constant € ) so that the power of the.

microwave travelling through the wave guide will be
restored to its initial value. So, the screw-operated ele-
ment serves as a microwave power modulator device.

If, as shown in FIG. 6, N such microwave power
modulator devices as described above in conjunction
with FIGS. 4 and 5 are provided in series along the axis
of the wave guide 1, the range of microwave power
control will be 2% times as greater as that of a single
stage modulation system as shown in FIG. 4.

In these embodiments, the two opposite z surfaces of
the GMO single crystal element 3 of each modulator
device are kept in contact with the tapered supports 2
and 2' so that the two surfaces are short circuited with
each other. It is not necessary to connect the two z sur-
faces together electrically, but such short circuit con-
nection enables a stress and a tension to be less than the
coercive stress to be sufficiently useful for power
modulation.

Example 2

A KDP single crystal in the form of a parallelepiped
having its parallel opposite surfaces perpendicular to
the a, b and c axes of the single crystal, respectively, is
cut along a plane parallel to the ¢ axis and making an
angle smaller than 45° with the a or b axis into two
pieces 5, and 5,, as shown in FIGS. 74, 7b and 7c.

Aluminum films are deposited on the cut surfaces of
the split pieces by vapor deposition. Thereafter, the
split pieces are put together as they were before the
cut, that is, with their vapor-deposited aluminum films
6 kept in contact with each other, to form an element 5.
Then, aluminum films 7 and 8 are vapor-deposited on
parts of the x surface (perpendicular to the a axis) and
the y surface (perpendicular to the b axis) of the piece
5, of the element §, as shown in FIGS. 7a, 7b and 7¢. As
shown in FIG. 74, the thus treated element § is placed
in the vacuum upper compartment 9, of a cylindrical
container 9 separated by a copper hermetical partition
wall 10 of copper from the lower compartment filled
with liquid nitrogen. The attachment of the element 5
as shown in FIG. 7a onto the copper partition wall 10 is
shown in detail in FIG. 7d. In FIG. 7d, support plates 11
made of teflon are fixed to the copper wall 10 and the
element 5 is mounted on the inner walls of the supports
11 with its ‘aluminum film 7 stuck to the inner vertical
wall of the support 11 with an epoxy resin binder. A
teflon plate 12 is stuck with an epoxy resin binder to
the surface of the element 5 opposite to the surface car-
rying the film 7, and the plate 12 is mechanically con-
nected with a force exerting rod 13 by means of a gear-
ing mechanism so as to receive mechanical force exter-
nally. A teflon plate 14 is stuck with an epoxy resin
binder to the surface of the element § carrying the alu-
minum film 8 and the plate 14 is mechanically con-
nected with a force exerting rod 15 by means of a gear-
ing mechanism so as to be shifted forward and
backward in the direction of the b axis. The -above-
mentioned cylindrical container 9 is immersed in liquid
nitrogen accomodated in a Dewar vessel 16. Windows
provided in the cylindrical container 9 and the vessel
16 for passing a light beam into and out of the KDP ele-
ment 5 are indicated at 17 and 18. With this structure,
the KDP element 5 is maintained at about —160°C or
below so that it exhibits a ferroelectric characteristic.

10
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operated, light I incident perpendicularly on the sur-
face of the piece §, is reflected by the aluminum films 6
and 7 and goes out of the piece 5, as is seen from FIG.
7b. Next, if both the rods 13 and 14 are operated to
apply a stress to the teflon plate 12 in the direction of
the b axis of the element 5 and a tension to the teflon
plate 14 in the direction of the a axis of the element 5,
the polarization of the KDP element § can be reversed.
In this state where the polarization is reversed, not only
the a axis and the b axis of the element are in-
terchanged but also the refractive index of the element
5 is changed so that the incident light I reflected by the
aluminum films 6 and 8 a2s shown in FIG. 7¢ cannot
leave the element 5. In this way, the KDP element 8 can
function as an optical switching device. '

In this embodiment (Example 2), the forces were
simultaneously applied to the element 5, that is, the
stress and the tension were simultaneously applied to

t__h_ngt,:{épd y surfaces, respectively. However, it is, of

course, possible to apply a stress or a tension to either
one of the x and y surfaces. In the last case, however,
the force to be exerted on the element must be relative-
ly greater than the former case where forces are ap-
plied simultaneously to the x and y surfaces.

In the embodiment just described, a KDP single
crystal is used, but other crystals belonging to the spe-
cies 42mFmm2 may also be used. For example, the
GMO crystal has a ferroelectric property at room tem-
perature. Consequently, it does not require a cryostat
employing liquid nitrogen. However, its variation in the
refractive index due to the change in the state of
polarization (polarization reversal) is smaller than that
of the KDP crystal. Hence, the GMO crystal is less ef-
fective than the KDP crystal in practical applications.

In the above embodiments, the GMO and KDP

. crystals used were cut in such a manner that two pairs

40

of parallel opposite surfaces thereof are perpendicular
to the a and the b axes, respectively. In general, how-
ever, the pairs of surfaces need not be perpendicular to
the axes but they have only to make certain desired an-
gles with the axes, respectively.
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Example 3

As in Example 2, a KDP single crystal in the form of
a parallelepiped having its parallel opposite surfaces
being made perpendicular to the a, b and ¢ axes,
respectively, of the single crystal, is cut along a plane
parallel to the ¢ axis and making an angle smaller than
45° with the a axis (or the b axis) into two pieces 5, and
5,, as shown in FIGS. 84, 8b and 8c¢. After aluminum
films 6 are deposited- on the cut surfaces of the split
pieces by vapor deposition technique, the picces §, and
5, are joined together as they were before splitting to
form an element 5. Aluminum films 8 and 7 are vapor-
deposited on the entire area of the x surface ( perpen-
dicular to the a axis) and on the central portion of the y
surface (perpendicular to the b axis) of the piece 5; of
the KDP crystal element 5, as shown in FIGS. 8a, 8b
and 8c. The element 5 so treated is placed in 2 vacuum-
tight upper compartment 9, separated in a cylindrical
container 9 by a hermetical partition wall 10 of copper
from the lower compartment filled with liquid nitrogen.
The way of attachment of the element 5 as shown in
FIG. 82 ontg the copper partition wall 10 is shown in
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detail in FIG. 8d. In FIG. 84, an L-shaped teflon sup-
port plate 11-is rigidly fixed to the copper wall 10 and’

the element 5 is mounted on the inner walls of the sup-
port 11 with its aluminum film 8 deposited on the x sur-
face stuck to the inner vertical wall of the support plate
11 with an epoxy resin binder. A teflon plate 12 is stuck
with an epoxy resin binder to the other x surface of the
element § opposite to the surface carrying the film 8,
and the plate 12 is in turn connected mechanically with
a force exerting rod 13 by means of a gearing
mechanism so as to apply a stress and a tension to the
element 5 in the direction of the a axis thereof. The
cylindrical container 9 is immersed in liquid nitrogen
accomodated in a Dewar vessel 16. Windows 17 and 18
for passing a light beam I into and out of the element 5
are provided as shown in FIG. 84.

If the force exerting rod 13 is not operated, light I in-

cident on the y surface of the piece 5, of the KDP single -

crystal element 5 is once reflected by the aluminum
film 6 and goes out of the y surface of the piece 5,, as
seen in FIG. 8b. On the other hand, if a stress or a ten-
sion is applied to the element 5 through the operation
of the rod 13 so that the state of the element 5 is
shifted, that is, its polarization is reversed, then the in-
cident light I, on the basis of the same phenomenon as
described in previous Example 2, is reflected by the
aluminum films 6, 7 and 8 and then turned back in the
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direction opposite to that of the incident light I, as seen
in FIG. 8¢. Thus, the KDP element can function as a
light path switching device or a light deflector means.

We claim: ‘

1. A microwave power controlling device compris-
ing:

a wave guide; :

a gadolinium molybdate single crystal disposed in
said wave guide with one of two pairs of crystal
surfaces of the x- and y-planes and a pair of the z-
surfaces being parallel to the longitudinal direction
of said wave guide and the other of said two pairs
of the x- and y-surfaces being perpendicular to said
longitudinal direction, one surface of said one pair
of surfaces being fixed;

means for applying stress to the other surface of said
one pair of surfaces perpendicularly;

means for introducing uncontrolled microwave
power from one end of said wave guide; and

means for deriving controlled microwave power
from the other end of said wave guide.

2. A microwave power controlling device according
to claim 1, wherein a plurality of said crystals and said
means for applying stress are disposed in series in said
wave guide.



