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In any method for quantitatively determining the Kerr
constant of nitrobenzene, the question of the purity of
the material cannot be ignored. In the method de-
scribed, account is explicitly taken of the effect of
impurity ions in the dielectric on the optical performance
of the Kerr cell. Thus, although nitrobenzene of less
than the highest attainable purity is employed, results
comparable in accuracy to expert determinations of the
Kerr constant are obtained. The method, therefore, of-
fers possibilities for a student experiment. Details of cell
construction, nitrobenzene purification, optical proce-
dures, and data reduction are given. Also included is a
general discussion of electrical effects and the electro-
optical effects in Kerr cells having dielectrics that are
less-than-perfect electrical insulators.

I. INTRODUCTION

The primal position of the Kerr effect! in the burgeon-
ing science of electro-optics, as well as its intimate con-
nection with the subjects of birefringence and polarized
light, make this effect an increasingly attractive choice for
a student experiment in the undergraduate physics
laboratory. A likely choice for the Kerr cell dielectric is
the organic liquid nitrobenzene. Its very large Kerr con-
stant and its almost universal use in commercial and ex-
perimental Kerr cells are strong points favoring its choice.
While a qualitative lecture-type demonstration of the Kerr
effect with a nitrobenzene-filled Kerr cell is not at all dif-
ficult, anything of a more quantitative nature, such as
would suit the more advanced type of undergraduate
laboratory, is likely to lead the average lab demonstrator
to frustration and disappointment. This is because the be-
havior of a nitrobenzene-filled Kerr cell is seldom quite
as clean cut and neat as the textbooks in optics would
suggest. Complications arising from the less-than-perfect
nature of the nitrobenzene dielectric create an optical
nonuniformity in the cell which renders the usual methods
of optical retardance measurement ineffective. However,
another technique of retardance measurement, which dif-
fers only slightly from the usual, proves to be well suited
to the job. It has been found to lead to excellent results
for a quantitative measurement of the Kerr constant of
nitrobenzene, and opens the way to a very interesting and
instructive student experiment.
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II. THE KERR EFFECT (IDEALIZED CONDI-
TIONS)

Expositions of the Kerr effect can be found in several
places.? Briefly, the electro-optical Kerr effect is the pro-
duction within a substance of a state of birefringence
(i.e., double refraction), by electrical means. The sub-
stance is placed between two plane parallel electrodes in
what is called a Kerr cell. When voltage is applied to the
plates of the cell, the electric field in the dielectric mate-
rial between the plates causes distortion (i.e., induced
polarization) and/or alignment of the constituent
molecules, with the result that the substance becomes
birefringent. Thus, in the ideal case, the excited Kerr cell
assumes the aspect of a uniaxial birefringent optical crys-
tal such as quartz, or calcite. Plane-polarized light passing
through the space between the plates in a direction paral-
lel to their planes is then subjected to optical retardance,
and emerges (in general) as elliptically polarized light.
This retardance behavior is summarized in Kerr’s law?:

A=21BLE? (1)

where A is the phase shift or optical retarding power of
the cell, L is the cell length, E is the electric field in the
cell gap, and B is the Kerr constant of the cell medium.
For a determination of B, then, it would suffice to know
the electric field in the cell, the cell length, and to mea-
sure by a suitable optical technique the phase shift or re-
tardance introduced by the cell.

I1I. THE KERR EFFECT FOR REAL DIELEC-
TRICS

Implicit in the foregoing procedure for Kerr constant
determination is the assumption that there is uniformity of
retardance (A) within the optical gap of the cell. The
standard techniques for retardance measurement, particu-
larly any technique making use of a half-shade device,
require uniformity of the optical sample. Unfortunately,
no Kerr cell dielectric is a perfect insulator. Thus, besides
the electric charges which reside on the Kerr cell plates
(due to an applied voltage), there may also be conduction
charges in the space between the plates, that is in the
bulk of the dielectric. Such charges tend to distort or
modify the electric field within the cell gap, imparting to
the field a character which is significantly different from
that to be expected solely on the basis of the geometry of
the naked electrode structure. The result is an optical
nonuniformity that is voltage dependent (Kerr’s law
suggests that this dependence should be as the square of
the voltage). This can prove to be a real deception be-
cause at the lower voltages experimental results are often
fairly good, but they become vague and confusing as
higher voltages are applied to the Kerr cell.

The imperfection of the insulation of Kerr cell dielec-
trics is often due to the existence, in the dielectric, of ion-
ically dissociated impurities. One way out of the diffi-
culty is to work with a sufficiently pure dielectric. This
was the way chosen by Gabler and Sokob for their deter-
mination of the Kerr constant of nitrobenzene.? Their ef-
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Fig. 1. Schematic of optical system for
Kerr constant determinations. S = light
source; P = polarizer with polarizing direc-
tion at 45° to horizontal and vertical;
K = Kerr cell with plates horizontal;
I = movable index pointer; Q = quarter-
wave plate (compensator plate) with princi-
pal axes (fast/slow) at 45° to horizontal and
vertical; A = analyzer (a polarizing filter)
mounted in a divided-circle mount;
T = small viewing telescope.

forts toward purification, however, were of almost heroic
proportions and are not likely to appeal to the average lab
demonstrator. An approach which recognizes the exis-
tence of impurities and makes a rational attempt to deal
with their consequences seems more realistic and is prob-
ably more reliable. In addition, from a teaching point of
view, there are certain pedagogic advantages, for the
method provides an introduction to the timely subject of
space charge effects in condensed media.

IV. BASIC METHOD AND PROCEDURE

Our basic method of determining the Kerr constant of
nitrobenzene is illusrated in Fig. 1. Light from the source
S, made monochromatic by filter F, passes through the
polarizer P, emerging as a linear vibration inclined at an
angle of 45°. It then enters the Kerr cell K whose plates
are horizontal, that is, at 45° to the plane of vibration of
the incident light. Passing through the energized Kerr cell
where it undergoes a change from plane polarization to el-
liptical, the light meets the quarter-wave plate Q whose
principal axes, fast and slow, are inclined at 45°. The
light, whatever may have been-its degree of ellipticity on
entering plate Q, is restored to a linear vibration on leav-
ing it. However, the azimuth of the restored vibration is a
function of the initial ellipticity (Sénarmont compensator
principle). Being linear, the vibration is capable of being
crossed and blocked by means of the analyzing element
A, which is capable of controlled and measured rotation
in its mount. A telescope T, focused on a plane near the
output end of the Kerr cell, accepts any light which pass-
es through the analyzer. A movable pointer I, also near
the output end of the Kerr cell, is seen in the field of
view of the telescope. So also are seen, in profile, the
Kerr cell plates.

With a perfect dielectric in the Kerr cell, the field of
view of the telescope would show perfect uniformity. In
actuality, with sufficient voltage, a pair of horizontal dark

Fig. 2. Pictorial diagram
showing Kerr cell plates
(end view) and dark
bands as seen through
viewing telescope (T,
Fig. 1).
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bands are seen (see Fig. 2). These bands can be moved
toward or away from the Kerr cell plates by changing
either the applied voltage on the Kerr cell, or the azimuth
of the analyzer. The bands are very distinct, especially
when they are close to the plates. Thus, by means of the
calibrated pointer, their position in the cell gap can be
quite accurately determined.

The experimental procedure is to move the bands sys-
tematically across the gap by varying the analyzer
azimuth (cell voltage kept constant), while noting band
position and corresponding analyzer azimuth. Thus, in ef-
fect, we scan the cell gap. We then make a plot of the
square root of the Kerr cell retardance (retardance data
obtained from analyzer azimuth readings) vs band posi-
tion within the gap. In effect, such a plot, according to
Kerr’s law, provides an indication of the way the E field
varies along a line extending across the gap from one cell
plate to the other. It is then possible, using the graph, to
find an effective or average E and a corresponding retar-
dance A. The length L of the optical path through the re-
tarding part of the cell is known, and, knowing E and A,
we calculate B using Eq. (1).

The technique here described has been used to obtain a
value for the Kerr constant of nitrobenzene. Within ex-
perimental error, the agreement with the current best
value found in Landolt-Bornstein has been virtually per-
fect. The method is an adaptation of a technique
employed by Maller.® Prior to Mdller’s classical investi-
gation, reported values for the Kerr constant of nitroben-
zene varied over almost a factor of 2. Unfortunately,
some of the early, highly erroneous values persist in opti-
cal texts still in use today.

V. THE KERR CELL: CONSTRUCTIONAL DE-
TAILS

The Kerr cell assembly is shown in Fig. 3. The main
enclosure consists of the heavy-walled Pyrex-glass ‘body
tube’’ a, which is 25 mm o.d., 17.5 mm i.d., and 140
mm long. The two end faces of this tube are first cut off
square and are then ground to a moderate degree of
smoothness. Care should be taken to have the end faces
fairly accurately perpendicular to the tube axis, for, if this
is not the case and the end faces are not parallel, the cell
when filled with liquid will act like a large refracting
prism, producing an appreciable refraction of any light
beam sent through it. This can make trouble in attempting
to align the cell with other elements on an optical bench.

The end closures on the cell consist of two glass disks
w, about 32 mm in diameter and about 6 mm thick.
Disks cut from a piece of good quality plate glass should
serve. Our disks were cut with a water-lubricated
diamond-studded tubular cutter, run at a moderate speed
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Fig. 3. Side elevation (partially in section) and end elevation of Kerr cell. The glass body tube is at a. The stainless steel plates e,e are held apart by
quartz spacers, q. The flat windows, w, are sealed to the body tube by means of thin indium metal washers, i. The electrical leads come out through

glass—metal seals at j.

in a drill press. To keep the edges of the disk from chip-
ping, the glass plate can be sandwiched between two
other glass plates during the cutting operation, double-
sided sticking tape being used to hold all plates together.

Excessive residual birefringence in the end windows
should be avoided. If the glass plate from which the win-
dows are to be cut is examined by placing it between a
pair of crossed polarizers, and if there is little or no
brightening of the otherwise dark field, the disk cut from
such a plate should be usable in a Kerr cell.

The strong solvent action of nitrobenzene complicates
the problem of providing a suitable seal for the windows.
Making the tube ends and windows optically flat, and
pressing and holding them in optical contact have been
successfully tried. However, we found it simpler to work
the two ends of the Kerr cell body tube to a moderate de-
gree of smoothness, and then to provide a gasket consist-
ing of a 0.010-in.-thick foil ring of indium metal® be-
tween the tube and window. All parts are first carefully
cleaned with absolute ethyl alcohol, dried, and then as-
sembled. The thumb nuts and longitudinal tie rods (t, Fig.
3) hold the whole assembly together, providing a hermet-
ic seal for the windows.

A further place where the solvent action of nitroben-
zene (or its tendency to leak out) can cause trouble is in
the filling stopcock s (Fig. 3). At first a stopcock having
a Teflon plug was tried, but this leaked. A stopcock or
valve of the type shown in Fig. 3 was substituted. The
seal on this device, also of Teflon, has more the form of
a needle valve, and, in the closing of the valve, it can
apparently be subjected to considerable pressure. In any
case, no difficulty with leakage has been experienced.

For convenience in mounting on a optical bench, the
Kerr cell is provided with a kind of chassis assembly,
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also shown in Fig. 3. This consists of two brass clamping
blocks f,g, held in position by a pair of longitudinal chas-
sis bars h,h, made of Lucite. Part g of each block is
round. It carries an O-ring and fits into a round recess in
f. The “*fit’” of f and g on a is loose, but the O-ring
holds to a quite securely, simply by friction. The outer
part of g forms with f an annular channel. These channels
are for fitting into V-groove brackets (not shown) for the
optical bench mounting of the Kerr cell. The V-groove
support permits rotation of the cell and chassis assembly
about the main optical axis of the total assembly, and this
feature is valuable in providing the initial azimuthal
alignment of the Kerr cell in the optical system.

The electrode structure of the Kerr cell is based on a
design described by Le Féevre and Le Fevre.” The elec-
trodes themselves (e, Fig. 3) consist of two identical bars
of stainless steel which are flat and smooth on one side,
and cylindrically curved on the opposite side to match,
with a little clearance, the curvature of the inner wall of
the body tube. The length of the electrodes is 11 cm. Fol-
lowing the Le Fevre design, the electrode pieces are kept
at a fixed distance of separation by means of six small
round cylindrical spacers of fused quartz, 2 mm in diame-
ter. Each electrode has six socket holes, each about 2 mm
deep, into which the quartz spacer rods fit with a small
amount of diametral clearance.

The cylindrical side of each electrode is milled
lengthwise with a channel groove 0.25 in. wide and
about 0.0625 in. deep, as shown in the end-view illustration
in Fig. 3. These grooves provide space for the flexible
stainless ribbon-shaped leads which at one end are spot
welded to the tungsten feed-through terminals j, and at
the other end are fastened under the heads of small stain-
less steel screws which screw into tapped holes provided
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for them at the ends of the electrode bars.

Stainless steel seems to be an acceptable material for
the cell electrodes. Pure nickel and gold-plated brass have
also been successfully used. Plain brass, however, has
been reported as unsatisfactory.

The electrodes should be carefully constructed and
should be given a smooth, bright finish. All sharp edges
should be slightly rounded and smoothed to avoid exces-
sive electric field gradients. All cell parts should be
thoroughly cleaned with reagent grade acetone, followed
by absolute ethyl alcohol. After drying, the parts can be
assembled.

VI. THE KERR CELL LIQUID: NITROBENZENE

Apart from its unusually large Kerr constant, not very
many good things can be said about nitrobenzene. It is
toxic to breathe, toxic in contact with skin, inflammable,
hygroscopic, and a distressingly powerful organic solvent.
In its pure state it is a slightly yellow-green tinged liquid
somewhat resembling corn oil in appearance. Its wetting
contact with glass tends to be somewhat spotty. Its odor
is rather penetrating and suggests shoe polish. It freezes
at +5.7°C. Its trade name is oil of mirbane. Even in quite
pure form (reagent grade) it is relatively inexpensive,
costing only a few dollars for 500 g.

The hygroscopic nature of nitrobenzene means that all
serious Kerr cell work with it must be carried out in a
sealed system to keep out moisture.

Normal safety precautions in handling nitrobenzene ap-
pear to be adequate. Work is best carried out in a fume
hood, and contact with the skin should be avoided. Ni-
trobenzene does not seem to be given to violent boiling if,
at room temperature, a vacuum is pumped over it with a
good mechanical pump. (For any such pumping, the
pump output should of course be vented to a hood.)

VII. FILLING THE KERR CELL

Successful quantitative work with a nitrobenzene-filled
Kerr cell requires that a high level of purity of the filling
liquid be achieved, and that care be taken in the transfer
of the purified liquid into the cell to maintain purity.

The purifying and transferring system is shown in Fig.
4. The system can be divided into two parts: an upper
section consisting of the 500-cm?® supply flask and a
chromatographic purifying column, and a lower section
consisting of a 1000-cm? storage vessel and the Kerr cell.
The two sections are connected together by a length of
flexible polyethylene tubing. The upper section remains
stationary with respect to its laboratory surroundings, but
the lower section, all parts of which are mounted on a
plywood ‘‘swing board,”’ pivots on a fixed horizontal
pivot rod and can swing to left or right, somewhat like a
pendulum. When the lower section is swung to the left,
the nitrobenzene descending from the purifying column
goes directly into the storage reservoir. When the section is
swung to the right, the nitrobenzene from the column
goes into the Kerr cell.

The “‘floor’’ or base of the purifying column is formed
of a sintered glass disk fused into the glass column tube.
Above the disk there is a section of clean glass wool,
about 0.5 in. thick, and above this a layer of clean white
sand. Finally, there is the main purifying section consist-
ing of finely powdered aluminum oxide.® In building up
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SUPPLY FLASK {500 cm3)
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Fig. 4. Diagram of system (mostly glass) for purifying the nitrobenzene
and filling the Kerr cell. Inset shows a typical glass-to-polyethylene tub-
ing joint.

the column, the aluminum oxide is slowly poured in, and
at the same time the column is tapped on its side with a
rubber hammer consisting of a somewhat large rubber
stopper attached to a wooden dowel handle. By this
means the oxide is suitably packed in the tube.

With the help of a heat gun, the polyethylene tubes are
sealed onto the glass tubes to which they connect. A typi-
cal joint is illustrated in the inset of Fig. 4. Both the glass
tube and the polyethylene tube are warmed with the gun,
and when the polyethylene tube has become sufficiently
soft, it is carefully pushed onto the glass and then al-
lowed to cool. The result is a hermetically tight joint.

In using the purifying and filling system, one proceeds
as follows. With the stopcock under the supply reservoir
closed and all the other stopcocks open, the entire system
is pumped for about 30 min with a good mechanical vac-
uum pump, for example, Cenco Hyvac. Mdller® cautions
against the use of a Tesla sparker in Kerr cell systems
where nitrobenzene is to be used, because of possible
contamination, but our occasional brief use of a sparker
for roughly monitoring pressure did not seem to produce
any ill effects. When the system is well pumped, the
pumpout stopcock is closed and the stock (unpurified) ni-
trobenzene? is poured into the supply reservoir. The lower
section is swung to the left, and the supply reservoir
stopcock is cautiously opened, allowing the nitrobenzene
to enter the column. The flow rate should not be more
than a few cubic centimeters per minute. The first 40 or

Arthur W. Knudsen / 891



50 ¢cm? of purified liquid is sent directly into the storage
reservoir, after which the lower section is swung so as to
admit liquid to the Kerr cell. If desired, some of this ini-
tial Kerr cell liquid can be sloshed around in the Kerr cell
and then flushed out into the storage flask, following
which the Kerr cell is filled almost full with nitrobenzene
from the column. A little ‘‘expansion space’ should be
allowed for nitrobenzene vapor in the stopcock tube con-
necting to the Kerr cell; that is, the cell should not be to-
tally filled, up to the stopcock, with liquid. The remain-
der of the nitrobenzene (except for the last few cubic cen-
timeters) can be run down into the storage reservoir to be
kept for future use.

The stopcock below the reservoir is now closed, and
dry nitrogen at a slight pressure over atmospheric is ad-
mitted to the storage reservoir. The stopcock at the Kerr
cell is opened momentarily to admit this nitrogen back-
fill, and then it is tightly closed. The Kerr cell can then
be detached from the system by heating the connecting
polyethylene tube to softness and pinching it closed with
a pair of pliers. The tube can then be cut right through at
the pinch with cutoff pliers or a knife. This completes the
cell filling.

The appearance of several colored bands in the
aluminum oxide column gives evidence of its purifying
action. Uppermost is a zone having the color of mustard.
It is darkest on top and light yellow on the bottom. Be-
low is a narrow band that is very light brown, and under
this is a thick zone of faint oranges and brown. Also, the
color of the purified nitrobenzene is different from the
unpurified. The latter is golden yellow—about the color
of a light beer—but the purified liquid as already noted is
pale yellow or yellow-green, that is, less golden in color
than the unpurified liquid. As a possible indication of the
purity of the nitrobenzene used in our Kerr cell, it may be
noted that typical currents carried by the cell, measured
some 30 min or so after application of a potential of
4000-5000 V, were found to be in the range of 5-6 uA.

VIII. THE OPTICAL SYSTEM

The optical system used for Kerr constant determina-
tion is shown schematically in Fig. 5. A sturdy optical
bench of the lathe-bed (double-track) type, equipped with
saddles having both up-and-down and sidewise motion, is
recommended, especially if the Kerr cell exhibits any ap-
preciable amount of refraction due to lack of parallelism
of the windows (see Sec. V). The light source S is a
low-pressure mercury discharge lamp whose discharge re-
gion is imaged by lens L, (focal length = 40 mm) at the
horizontal slit B having dimensions 0.0625 in. high by
about 0.4375 in. long. Lens L, (focal length =~ 50 cm) is
placed at its focal distance away from B. Thus, the light
emerging from L, is parallel. An interference filter F
(A5461 A) renders the light monochromatic. The polarizer
is at P. This is of the film (Polaroid) type, and is held in

o gt i
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a rotatable mount, which is readable in azimuth to 0.1°.
The Kerr cell K mounts on two of the doubly adjustable
saddle mounts mentioned above, one at each end. Also
mounted on the Kerr cell assembly is the movable pointer
mechanism [. This was conveniently made from a mi-
croscope mechanical X-Y stage unit.® The pointer itself
consists simply of a piece of stiff fine wire. The position
of the pointer is readable on a vernier to 0.1 mm. At Q
we have the compensator plate.!! This, in our instrument,
is accurately of quarter-wave retardance at A5461 A, the
wavelength chosen for our Kerr constant determinations.
The mounting for this plate is similar to the mounting for
P. Following Q, we have the analyzer A, a unit identical
to P. Finally, T is a small telescope which is focused at
the output end of the Kerr cell.

The alignment procedure for setting up the various
elements in the system is detailed but straightforward and
will not be given here. It is important that the polarizer
be placed at 45° to the Kerr cell plates, and that one of
the principal axes of the compensator plate shall align
with the polarizer. The ‘‘zero’’ azimuth of the analyzer
can be established by crossing the analyzer with the
polarizer when the Kerr cell is unenergized. By focusing
the telescope first on the near end of the Kerr cell and
then on the far end, the alignment of the cell with the
telescope optical axis (i.e., the line of sighting through
the system) can be checked.

The Kerr effect is temperature dependent.!? A ther-
mometer should therefore be placed in contact with the
cell when measurements are being taken.

For precise Kerr constant determinations making use of
Eq. (1), it is necessary to use, in place of the actual or
geometrical length [ of the Kerr cell plates, an effective
length L. Owing to fringing effects at plate ends the ef-
fective length (L) is greater than the geometrical length
(/). The relationship between L and [ is given by the fol-
lowing formula, due to Chaumont!3;

L=1+(d/m[1+ (r/d)1n(1 +d/h)]
=1+ 2d/m)[1 =3 (@d/n)+Hd/n): = +++].

Here, d is the interelectrode spacing and 4 is the electrode
plate thickness. In laboratory Kerr cells intended for
quantitative work, the relative increase of L over / may
amount to several percent.

IX. DATA, PLOTS, RESULTS

The curves shown in Fig. 6 have been plotted from ac-
tual Kerr-effect measurements. The procedure for taking
data is essentially that given in Sec. IV. In obtaining
band position data, more accurate results seem to be ob-
tained if the pointer is set to a known position in the cell
gap, and the band centered upon the pointer by adjusting
the analyzer, than by adjusting the band to a given posi-

Fig. 5. Schematic of optical system as used for
actual Kerr-effect measurements. Symbols S, F,
L P,K, I Q, A, and T are as in Fig. 1. B is a slit
1

with jaws horizontal, that is, parallel to Kerr cell
plates. Lens L, images source S at B; the dis-
tance from B to L, is equal to the focal length of
L., so light beyond L, is paraliel. The source
has been placed in a light-shield chimney.
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Fig. 6. Plots of experimental data showing gap scans for six different
cell voltages. The abscissa of each point indicates the position of a dark
band. The ordinate is the square root of the analyzer azimuth setting.
This quantity is proportional to the square root of the cell retardance
[see Eq. (2)]. The horizontal dashed line for each curve was found by
trial and error and divides the curve into three areas as explained under
Fig. 7.

tion with the analyzer, and then attempting to fix accu-
rately upon the band with the pointer.

Each curve was taken at a known, fixed value of the
Kerr cell voltage. (Note that from a safety point of view
these Kerr cell voltages can be dangerous.)

Plotted in Fig. 6, effectively, is the square root of the
optical retardance of the Kerr cell in that part of the gap
where a dark band appears, against the position of the
band in the gap. At a given voltage on the Kerr cell, it
has taken a definite rotation a of the analyzer from its ini-
tially crossed position (at zero cell voltage) with the
polarizer to locate the band at its present position. In ac-
cordance with the basic principle of operation of the
Sénarmont compensator, the azimuth angle a of the
analyzer bears a simple relationship to the retardance A of
that part of an optical element transmitting light which is
blocked (crossed) by the analyzer. The relationship** is

A=2aq; 2)

that is, retardance of an -‘optical element which is passing
light that is subsequently blocked equals twice the
analyzer azimuth, where the ‘‘zero’’ analyzer azimuth is
at that position at which the analyzer crossed with the
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Fig. 7. Typical hammock-
shaped scan curve. The
horizontal line ab sets off
an area B equal to the sum
of the areas A and C. It
corresponds to the average
value of E,, which equals
V/d (see text), and inter-
cepts a particular numeri-
cal value of A2 on the
vertical axis.

polarizer when the Kerr cell is unenergized. What is plot-
ted vertically in Fig. 6 is simply a'?, where « is the
analyzer azimuth.

Each curve yields an independent determination of the
Kerr constant B. For each plot, a horizontal line has to be
drawn through the hammock-shaped curve so as to set off
two side areas (A and C, Fig. 7), and one central area (B,
Fig. 7). This line must be located so that area B equals
the sum of areas A and C. Such a line intercepts a certain
value of AY2, and therefore of A, on the vertical axis of
the plot. As explained in the Appendix, this value of A,
together with a value of E obtained simply by dividing
the known voltage on the cell by the known plate separa-
tion, along with the known path length L, allows a calcu-
lation of B. The value of B obtained as an average from
the six separate curves shown in Fig. 6 is, along with its
rms deviation,

(3.86 £0.04)% 10 esu,

which agrees exactly with the value considered as best in
Landolt-Bornstein.'® This value of the Kerr constant of
nitrobenzene is for light of wavelength 5461 A and for a
temperature of 20°C.

X. CONCLUSION

The practically unavoidable optical nonuniformity
found in a nitrobenzene-filled Kerr cell need not rule out
this device as the basis of a versatile and illuminating
quantitative undergraduate experiment in polarized light.

Detailed information on the design and construction of
a nitrobenzene-filled Kerr cell suitable for use in an ad-
vanced undergraduate teaching laboratory has been given.
Also included are easily followed directions for
adequately purifying the nitrobenzene and for transferring
the liquid, without additional contamination, into the cell.

A theoretical discussion reveals the origin of the optical
nonuniformities. It then explains how these can be dealt
with to yield a value of the Kerr constant of nitrobenzene
which agrees with the best currently accepted value.

Information on the optical setup is given, including ex-
perimentally obtained optical retardance curves for an ac-
tual Kerr cell.
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APPENDIX: ELECTROSTATICS OF FIELD DIS-
TORTION IN KERR CELLS

The electric charges which cause optical nonuniformity
in Kerr cells are thought to be free ions resulting from the
dissociation of impurities in the Kerr cell liquid.> When
the cell is under voltage, these ions exist as space charge
clouds near the cell electrodes. The ions form what is
called a heterocharge® distribution: positive charges near the
negative electrode and negative charge near the positive
electrode. Thus, in the region extending from each charge
distribution to the adjacent electrode plate, the electric
field is stronger than its normal (unmodifiéd) value, while
in the space between the two distributions (i.e., in the
mid region of the cell gap) the electric field is weaker
than its unmodified value. The result is a hammock-
shaped E field distribution, such as is shown in Figs. 6
and 7. On first inspection, this grossly distorted pattern of
the E field might appear to create a virtually hopeless
situation for determining the Kerr constant because, ac-
cording to Eq. (1), such a determination requires a knowl-
edge of the value of the electric field E. Further exami-
nation, however, reveals a way out of the difficulty. All
we need to assume is that the distribution of the disturb-
ing space charges is uniform over any surface that is
parallel to the plane of the electrodes.’” Such uniformity
has the important consequence that, in the cell gap, the £
lines are straight or totally X directed, where by X we un-
derstand a coordinate line that is perpendicular to the
plane of the plates. Let us take the line integral of E
across the cell gap. The vectorial (i.e., general) expression
for this integral would be [1 E - dx, where d is the gap
length. However, since the field is X directed only, we
can write instead the simpler expression f: E dx. How-
ever, we already know the value of this integral: it is
simply the voltage V applied to the Kerr cell. However,
so also is the value of the same integral when a voltage V
is applied but space charges are absent. This means that,
whatever may be the spacial details of the distortions of E
caused by space charges in the cell, the distorted E field
must still be such that its integral along the X direction
from one cell plate to the other shall equal the voltage
applied to the plates. But this is just another way of say-
ing that the average value of the distorted E field (aver-
aged across the cell gap) must be the same as the value of
the undistorted (i.e., uniform) E in the gap, which is
simply V/d.

Now, from experimentally obtained gap-scanning data
(retardance A vs position X, with V constant, as explained
in Secs. IV and IX) we can make a plot like the one
shown in Fig. 6, where AY2 is plotted against X. By
Kerr’s law, Eq. (1), such a plot is equivalent to a plot of
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E vs X, where the scale of E is relative only because we
do not yet know the Kerr constant B. Let us call the rela-
tive field strength E ., as in Fig. 7. But again, even this
relative field, when averaged over the gap length d, must
have the value V/d. Thus, if we find the average value of
E e from our experimental plot (Figs. 6 and 7), we can
say that this equals V/d. At the same time this average
value of E corresponds to a definite value of A2, and
therefore of A. We now know A, L, and an ‘‘equivalent
E.”’ By using Eq. (1), we get the Kerr constant B.

That the line ab (Fig. 7) intercepts areas A, B, C such
that A + C = B can be verified by measuring the respec-
tive areas with the help of a planimeter, or by the familiar
technique of counting small squares on graph paper.
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