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11 Claims.

The present invention relates generally to Kerr
electro-optical cells, and more particularly to
Kerr cells for modulating polarized light by elec-
trical impulses as it passes through a liquid
medium,

The Kerr cell as heretofore conventionally con-
structed comprises a pair of electrically conduc-
tive nlates which are spaced apart and have be-
tween *‘hem a layer of an insulating liquid that
is at least reasonably transparent to light rays.
Usuallv the plates are parallel and thus define a
layer of liquid of uniform thickness, so that com-
putations of dimensions and of electrical field
strength are simplified.

Plane polarized light is produced by a polarizer
and is admitted through one side of such a cell.
After emergence from the other side it is received
by an analyzer which is “crossed” with respect to
the polarizer, whereby substantially complete
extinction of the emergent beam is produced
when the conductive plates are electrically un-
changed. For maximum effectiveness, both po-
larizer and analyzer are usually arranged at 45°
to the plates.

When an electric field is then produced in the
liquid between the plates by applying a potential
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difference thereto, the liquid temporarily becomes _

doubly-refracting and elliptic polarization re-
places the formerly existing plane polarization.
Extinction of the emergent beam then is no
longer possible, and light is transmitted through
the analyzer. The double refraction is estab-
lished and destroyed with extreme rapidity upon
applying and removing the electric field respec-
tively. :

A disadvantage inherent in the conventional
Kerr cell is that often the effect is oo small to be
conveniently useful when the Kerr constant of
the liquid is small. If it is attempted to remedy
this defect by increasing the area of the plates,
an undesirably large capacitance is simultane-
ously produced. On the other hand, if nitro-
benzine is used as the liquid, an objectionable
selective light absorption occurs due to the pale
yellow color of this chemical, which becomes
more intense with increasing depth of the liquid
to be penetrated by the light. Moreover, nitro-
benzine is chemically unstable, so that consistent
results are not always attainable therewith, in
spite of the fact that this substance is in other
respects the best of the known suitable materials,
and has the largest Kerr constant.

An object of the present invention, therefore,
is to provide & Kerr cell wherein increased effects
may be obtained.
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Another object is to provide a Kerr cell con-
structed to act as a transmission line,

An additional object is to provide a Kerr cell
wherein intense effects may be produced even
with liquids having a relatively low Kerr con-
stant.

A further object is to provide a Kerr cell whose
width or transverse dimension may be increased
to practically any reasonable extent without
thereby increasing the capacitance effect of the
cell.

A still further object is to provide a Kerr cell
whose width may be increased to any reasonable
extent without thereby changing the velocity
with which an electrical impulse traverses the
system that includes the cell.

An additional object is to provide g system
comprising a transmission line that is imped-
ance-matched to a conventiona] Kerr cell,

Other objects and many of the attendant ad-
vantages of this invention will be appreciated
readily as the same becomes understood by ref-
erence to the following detailed description, when
considered in connection with the accompanying
drawings, wherein:

Fig. 1 is a perspective of one form of the in-
vention;

Fig. 2 is a cross-section through the apparatus
on the plane 2—2 of Fig. 1;

Fig, 3 is a longitudinal section of the invention
of Fig. 1, on plane 3—3 of Fig. 2; i

Fig. 4 is a cross-section of a coaxial cable em~
ployed in a modified form of the invention;

Pig. 6 is a corresponding axial section of the
coaxial cable;

Fig. 6 is a diagram showing a Kerr cell con-
nected to terminate a transmission line; and

Fig. 7 is a corresponding diagram showing the
Kerr cell interposed in the transmission line.

In-accordance with the invention, a container
for liquid medium is constructed of conductive
material, This container has an optical path
e_xtending therethrough. A conductor is posi-
yloned within the container and is electrically
11_1$u]ated therefrom. This conductor is posi-
tioned to contact the liquid. By means of this
arrangement, polarized light is modulated by a
pulsing means comprising, for example, a large
capacity, low impedance, double spark gap ims~
bulse generator as it passes through the liquid
medium.

Referring now to Figs. 1, 2 and 3, there is shown
& transmission line comprising two long conduct-
ing electrodes in the form of trays 10 and {2 in-
sulated from each other and having g layer of a
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suitable liquid {4 between their opposed parallel
surfaces. The outer tray I8 serves as a container
for the liquid {4, while the bottom of the inner
and upper tray {2 defines the upper surface of
the useful portion of the liquid. The trays (0
and {2 may be kept in correct relative position
by suitable supports, such as a plurality of rods
16. These rods |6 pass through tray 12, as
shown, and support it. Flange members {8 on
tray 10, in turn, support the rods 16. These rods
are made of suitable insulating material.

While the exact type of support to be provided
is immaterial, the rods 16 prove simple and effec-
tive for the desired purpose. Sufficiently nu-
merous rods 16 should be used to prevent sagging
of the upper tray 12 under its own weight, or,
conversely, upward flexure due to the flotative
effect of liquid 14, as it is usually convenient that
the layer of liquid between the trays be of uni-
form thickness, to ensure a uniform electric field
through the liquid.

Observation windows 20 with strain-free trans-
parent covers 22 cemented thereon, are located in
pairs opposite one another in the upright walls of
the tray 10, and near enough to the bottom
of tray 10 to afford a clear light path through
the liquid beneath the bottom of the upper tray
12. For convenience, any optional number of
such transverse pairs of windows may be provided.
The covers 22 may suitably consist of microscope
slide cover-glasses.

A single pair of longitudinally opposite obser-
vation windows 23 may also be provided, for use
when a light beam is to pass lengthwise of the
apparatus. A polarizer and an analyzer com-
prising Nicol prisms 24 and 25, suitably oriented,
as shown in Pig. 2, are provided in the path 26
of the beam of light from light source 27. A
pulse source 28, such as a large capacity, low
impedance, double spark gap impulse generator, is
timed to open and close the Kerr cell at the de-
sired instant. This pulse source is connected to
trays 10 and {2 through suitable leads 28A and
28B. It is to be clear, however, that the cell may
be actuated by standing waves on the transmis-
sion line or by having a cell arrangement which
is composed of two similar transmission lines of
different length, with their fields perpendicular
and discharging at the same time.

Wwhile the trays 10 and 12 are shown as rela-
tively narrow, they may be made as wide as may
be desirable or necessary in any given case. For
example, if the liquid 14 in use has a low Kerr
constant, a greater width of the trays is advan-
tageous, as it counteracts the low constant as
will be explained hereinafter, and this is one of
the important features of the invention.

As the trays 10 and 12 are electrically insulated
from each other it is possible to use them as the
conductors of a transmission line. Let it be as-
sumed that this line has a width W, that the
capacitance per unit electrode area is C, and that
the inductance per unit area is L. Since the
capacitance is directly proportional to the area
of the capacitor plates, the capacitance per unit
length may be represented by WC. The in-
ductance, however, varies inversely as the area, so
that the inductance of the corresponding unit
length is

Y~

f these two,

L
wc W

[+]

Upon taking the product
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is obtained. This expression reduces to LC, a8
the value per unit length, which is an expression
independent of the width. This means that the
impedance of the transmission line, which de-
pends upon this unvarying value of the product
LC, remains constant and independent of the
width of the conductors of the transmission line.
Therefore, the velocity of transmission of an elec-
trical impulse through the line, which is propor-
tional to

1

VLC
is independent of the width.

This characteristic makes it possible to alter
the width of the transmission line to any reason-
able extent, so that when the liquid in the Kerr
cell has a low Kerr constant, compensation may
be provided by correspondingly increasing the
length of the light path through the liquid by
widening the transmission line. This was not
feasible in the conventional Kerr cell built as a
simple capacitor because therein the capacitance
increased in direct proportion to either dimension
of the cell. Since the cell was not used as a trans-
mission line, the compensating inverse variations
of the inductance were not utilized. Hence, the
undesirably high capacitance resulting from in-
creased plate size slowed the response of the cell
and prevented its use where extremely rapid light
control was required.

The formula governing the operation of a Kerr
cell is:

E%’.'ME__'“)=2,.BIE2

D

Herein D is the phase difference in radians, E
is the voltage in electrostatic units, A is the wave
length of the light, I is the length of the light
path, B is the Kerr constant and np and ns are the
refractive indices, respectively, parallel and per-
pendicular to the electric field.

Thus, for transverse light beams, that is, beams
perpendicular to the length dimension of the
transmission line, such as the one indicated by
26 in Fig. 2, the Kerr effect, in accordance with
the present invention, could be built up to a use-
ful value by a mere widening of the electrodes,
without thereby slowing the response of the cell.

Longitudinal light beams, such as indicated by
264, travelling through the pair of windows 23
and covers 22 also are useful. Here a compensa-
tion of somewhat different nature sets in, but its
practical results are substantially the same.
This compensation is due to the fact that within
certain limits of frequency, the rate of travel of
an electrical pulse along the transmission line is
nearly the same as the rate of travel of light
through the liquid dielectric.

For longitudinal sighting, where the line of
sight is in the same direction as the travel of the
electrical pulse, the velocity of the pulse is in-
versely proportional to the square root of the di-
electric constant, while the velocity of the light is
inversely proportional to the index of refrac-
tion. According to the electromagnetic theory,
the square root of the dielectric constant is equal
to the index of refraction in the long wave limit,
and substantially equal in the range under con-
sideration.

Consequently, for very short pulses or very
short-period electrical waves, the light travels at
the same speed as the wave of electrical potential,
so that in certain cases the light and the electrical
impulse stay approximately in phase with each
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other, and a cumulative, continually increasing
Kerr effect, or double-refraction of the light, is
secured. In this way, the attainment of a prac-
tically unlimited effect is theoretically possible,
and in practice the result is limited only by purely
physical considerations, such as lack of perfect
transparency of the liquid, weight and bulk of
the apparatus. In the above, it is assumed that
the electrical impulse and the light are traveling
in the same direction.

Here again the length and width of the trans-
mission line have no objectionable effect on the
speed of response of the Kerr cell. By making
use of this longitudinal travel of the light, it thus
becomes possible to secure a very greatly in-
creased Kerr effect, whereby liquids that would
not serve at all in the conventional Kerr cell now
become usable, Thus, liquids that are exceptional
in some respects or other, for example, trans-
parent to certain spectral regions, but which have
very small Kerr constants, become practical. In
this way, the usefulness of the Kerr cell is in-
creased immensely and operations in the infrared
and ultraviolet regions of the spectrum become
possible,

Such operations heretofore either were impos-
sible or were severely hampered when only a few
liquids having large Kerr constants were avail-
able for use. For example, nitro-benzine which
was much used because of its high Kerr constant,
has a light yellow color which prevents transmis-
sion of the ultraviolet end of the spectrum. Chlo-~
roform, which is transparent in this region, may
now be used satisfactorily. Another generally
useful liquid is that known under the trade name
of “Halowax o0il” and which chemically is chloro-
naphthalene. This is a clear colorless substance
having high dielectric and insulating properties
and good optical transparency.

While the transmission line above described
consists essentially of two parallel plates sepa-
rated by a layer of the liquid, it is not necessary
that this type be used. A modified form is shown
in Figs. 4 and 5, and consists of a coaxial line
29 wherein the space between the central con-
ductor 30 and the outer tubular connecting sheath
31 is filled with a suitable liquid 32.

Referring first to Fig. 4, a coaxial cable type
of Kerr cell is shown wherein the light beam 34
travels transversely and preferably nearly dia-
metrically of the cable through liquid 32 filling
the space between the central conductor 30 and
the outer sheath 31 of cable 28. Observation win-
dows 36 closed by transparent covers 38 are pro-
vided to permit passage of the polarized light
beam 34. Preferably, however, the coaxial cable
36, like the transmission line described above, will
be used with a light beam 40 traveling longitudi-
nally of the cable, as shown in Fig. 5, to secure
the advantages of a long path in the liquid. The
ends of the coaxial cable 29 are closed by trans-
parent covers 42 which permit the light beam 40
to pass and which prevent leakage of the liquid 32.

A further embodiment of the invention, shown
in Fig. 6, resides in the possibility of using an
ordinary conventional Kerr cell 44 of proper
transverse dimension, in combination with a
transmission line 46 of any kind, here shown as
a coaxial cable, the cell forming a terminus of the
line. To accomplish this successfully, the trans-
mission line 46 and the cell 44 should be imped-
ance-matched to each other. The advantage of
this embodiment is that a small amount of a
scarce liquid will suffice for the relatively small
cell, or economy of space may be secured by not
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requiring a long Kerr cell, or both advantages
jointly may be attained in some cases. A further
advantage resides in the possibility of utilizing
an already existing transmission line as part of
the apparatus.

Finally, Fig. 7 shows a Kerr cell 48 interposed
in a transmission line 50, in what may be con-
sidered series relationship to the line. When
properly impedance-matched to the line, the cell
thus becomes in effect a part of the line, and pro-
vided such matching exists, the dimension of the
cell transverse to the line may be as great as is
desired, thereby securing the advantages already
discussed.

The improved Kerr cell has many uses based
mainly on its large and extremely fast response
to electrical potentials. Since the optical effect
commences and ceases almost instantaneously in
step with the potentials, a very short electrical
pulse will provide a correspondingly short light
flash through the cell, which may be used in
numerous ways. Thus, the invention is applica-
ble to use in stroboscopy, in stop-motion photog-
raphy for rapid phenomena, such as combustion,
exp.osions, tests of electrical breakdown, electri-
cal spark characteristics, fast-moving projectiles,
supersonic phenomena, particularly in wind tun-
nels, schlieren photography and many other pur-
poses that will readily suggest themselves.

The increased Kerr effect produced by the
widened cell or the longitudinal transversing of
a long transmission line serves to make the im-
proved Kerr cell adequate for many of the ahove
and other purposes for which the conventional
cell was not suited, because of some or all of its
limitations previously pointed out herein.

Obviously many modifications and variations
of the present invention are possible in the light
of the above teachings. It is therefore to be
understood that within the scope of the appended
claims the invention may be practiced otherwise
than as specifically described.

‘What is claimed is:

1. An electro-optical cell for modulating polar-
ized light by electrical impulses as it passes
through a liquid medium, comprising, an outer
container for said liquid, said container being
formed of conductive material and having light
apertures formed therein so that an optical path
can extend through said container and said liquid,
a conductor positioned within said container and
insulated therefrom, said conductor being posi-
tioned to contact said liquid, and pulsing means
electrically connected to said container and said
conductor.

2. An electro-optical cell for modulating polar-
ized light by electrical impulses as it passes
through a liquid medium, comprising, an outer
container for said liquid, said container being
formed of conductive material and having light
apertures formed therein so that an optical path
can extend through said container and said liquid,
conducting means positioned within said con-
tainer and insulated therefrom, said conducting
means being positioned to contact said liquid, and
pulsing means electrically connected to said con-
tainer and said conducting means.

3. An electro-optical cell for modulating a

‘ polarized light beam by electrical impulses as it

({]

passes through a liquid medium, comprising,
means for containing said liquid, said containing
means being formed of conductive material and
having light apertures formed therein so that
an optical path can extend through said con-
taining means and said liquid, conducting means
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positioned within said containing means and in-
sulated therefrom, said conducting means being
positioned to contact said liquid medium, and
pulsing means electrically connected to said con-
taining means and conducting means.

4. An electro-optical transmission line, com-
prising, two conducting electrodes, one of said
electrodes having light apertures formed there-
in, said electrodes being electrically insulated
from each other, a layer of liquid medium be-
tween said electrodes and having an optical path
extending therethrough and through said aper-
tures, a source to project polarized light through
said apertures and said liquid medium, and puls-
ing means electrically connected to said elec-
trodes.

5. An arrangement as set forth in claim 4,
wherein said conducting electrodes are in the
form of trays, said trays having their respective
surfaces substantially parallel to each other.

6. An arrangement as set forth in claim 4,
wherein said conducting electrodes comprise a
coaxial line consisting of an outer tubular sheath
and a central conductor, with said outer tubular
sheath being filled with the liquid.

7. A system for terminating a transmission
line including a pair of conducting elements,
comprising, a pair of conducting electrodes elec-
trically connected to said conducting elements
of said transmission line, one of said electrodes
having light apertures formed therein, said elec-
trodes being electrically insulated from each
other, a liquid medium between said electrodes
and in contact therewith, a source to project
polarized light through said apertures and said
liquid medium, and pulsing means electrically
connected to the conducting electrodes.

8. In combination, a transmission line, and an
electro-optical system connected with said trans-
mission line, said system comprising a container
having light apertures formed therein, a liquid
medium in said container, said container being
formed of conductive material and having an
optical path extending through said apertures
and said liquid medium, conducting means po-
sitioned within said container and insulated
therefrom, said conducting means being posi-
tioned to contact said liquid, said container and
said conducting means being electrically con-
nected to said transmission line, said cell system
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and said transmission line being impedance-
matched to each other, a source to project
polarized light through said light apertures and
said liquid medium along said optical path, and
pulsing means associated with said transmission
line.

9. In combination, a transmission line and an
electro-optical cell system comprising a container
having light apertures formed therein, a liquid
medium in said container, said container being
formed of conductive material and having an
optical path extending through said apertures
and said medium, conducting means positioned
within said container and insulated therefrom,
said conducting means being positioned to con-
tact said liquid medium, said container and
said conducting means being in electrical co-
operation and impedance-matched with said
transmission line, a source to project polarized
light through said light apertures and said liquid
medium along said optical path, and a pulse
source electrically connected to said transmission
line and said cell system.

10. A cell light shutter arrangement, compris-
ing, conducting means for containing a liquid
medium, said means having light apertures
formed therein, a conductor in contact with said
liquid medium, said conducting means and said
conductor being electrically insulated from each
other, a source to project polarized light through
said apertures and said liquid medium, and a
source of electrical impulses impressed on said
conducting means and conductor.

11. An arrangement as set forth in claim 10,
wherein said liquid medium comprises nitro-
benzine. .

JESSE W. BEAMS.
HAROLD S. MORTON, JRr.
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