Photoelectric Technique for
Measuring Eye Movements

Abstract. By the system described, the
movement of a stimulus and the corre-
lated tracking movements of the eye are
recorded simultaneously. The technique for
measuring the eye movements consists of
detecting and amplifying by photomulti-
plication the total amount of light passing
through a small slit upon which is imaged
a small portion of the light-dark field rep-
resented by the iris and sclera of the eye.
This total amount of light varies directly
with the angular position of the eye.

The two standard methods for meas-
uring eye movements, the corneal-reflex
method and its numerous variations,
and the electric method which is based
upon measuring the difference in poten-
tial between the front and back of the
eye, have been and are useful for
many purposes. These methods, how-
ever, have certain disadvantages, one of
which is the difficulty of coupling them
easily with a system for generating a
variety of stimuli whose structural at-
tributes, velocity, and magnitude of dis-
placement can be varied systematically
and related directly with the tracking
motions of the eye (7).

A more general disadvantage of these
methods is their lack of efficiency in
generating data. The present method
overcomes these disadvantages and has,
in addition, certain specific advantages
(2).

The principle of the technique is
based upon detecting the difference in
reflectance between the iris and sclera
of the eye in such a way that this dif-
ference can be expressed as propor-
tional to the angular rotation of the
eye. Figure 1 illustrates the principle. A
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portion of the eye as seen about 45
degrees laterally to an observer’s direct
line of sight is imaged on a surface con-
taining a slit whose dimensions are ap-
proximately 1 mm wide by 1 cm long.
The slit is parallel to the horizontal
meridian of the eye. As the eye moves
laterally right or left, more or less of
the image of the iris falls upon the slit;
hence more or less of the total light
incident upon the surface containing
the slit passes through the slit. Imme-
diately behind the slit is the photo-
cathode of a photomultiplier tube. The
output of the tube thus becomes a signal
whose magnitude is in known propor-
tion (through calibration) to the lateral
rotation of the eye.

The output of the photomultiplier
tube (3) is coupled to an electronic
switch (4) through an impedence-trans-
forming amplifier. A variable high-volt-
age power supply (0 to 1000 volts d-c)
with gas-tube regulation is provided for
the photomultiplier tube. The amplifier
is of a difference configuration type
with high d-c stability and moderate
voltage gain (20to 1).

The entire detector assembly consists
of the photomultiplier tube, a simple
lens system (triplet) which focuses the
desired portion of the eye on the slit
which is located directly in line with
and just in front of the photocathode of
the tube, the adjustment mechanism for

FOCUSING SURFACE

'\

PHOTOCATHODE

OPTIGAL SLIT

\

PHOTOMUTIPLIER TUBE

positioning the detector with respect to
the eye, a mounting arm, and a head-
piece to which the entire detector as-
sembly is attached (5). The detector is
counterweighted, and the observer is
provided with a bite-board and a chin
rest.

Moving targets which can be varied
in velocity, acceleration, extent of dis-
placement, as well as in intensity, form,
and duration of exposure before and
after movement are generated by an
apparatus which projects 2-by-2-inch
slides on a rotating mirror. The rotation
of the mirror is controlled electro-
mechanically in order to produce the
desired pattern of movement, which is
observed by the subject.

An electric signal proportional to the
angular rotation of the mirror and
hence to the angular position of the
stimulus is obtained by mounting a pair
of coils external to and above the mir-
ror. A small third pickup coil attached
to the back of the mirror extends up
into the alternating magnetic field pro-
duced by the field coils. The field coils
are driven at a resonant frequency of
8.5 kcy/sec by an audio generator. The
output of the pickup coil is thus an
amplitude-modulated signal which is
calibrated in terms of the known limits
of travel of the mirror.

The amplified d-c signal from the
photomultiplier tube and the a-c signal
from the pickup coil on the mirror are
input signals to an electronic switch. By
means of this switch both signals are
displayed on an oscilloscope, and the
display is recorded photographically by
a camera with a Polaroid adapter.

Figure 2 shows a typical recording of
the tracking motion of an observer’s
right eye and the associated movement
of the stimulus. The point at which the
“envelope” opens in the upper trace
represents the beginning of movement
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Fig. 1. The principle of measurement in schematic form. The lens casts an image of a
portion of the iris and sclera on a focusing surface containing a slit. Behind the slit is
the photocathode of a photomultiplier tube. As the eye moves laterally, more or less of
the iris is imaged on the slit, and hence more or less total light strikes the photocathode.
Variation in total energy thus can be correlated with eye position.
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Fig. 2. Oscilloscopic record of stimulus
movement (upper trace) and the corre-
sponding tracking movement of the eye
(lower trace). Velocity of stimulus move-
ment constant at 21.5 deg/sec. Extent of
movement, 8 deg, left to right. Horizontal
sweep time, 200 msec/cm. Change in an-
gular position of eye is linearly related to
voltage change. Voltage scale, 5 volt/cm
(vertical).

of the target, which consisted of a dark
vertical hairline and which moved
8 deg from right to left at a constant
velocity. The constant velocity is indi-
cated by the linear sides of the enve-
lope. Cessation of motion of the stimu-
I's is indicated by the point where the
sides of the envelope become parallel.

The eye-movement record (lower
trace) in Fig. 2 shows a reaction time
of approximately 160 msec and a pat-
tern of an initial and final saccadic
movement with a brief intermediate
smooth pursuit movement of duration
approximately 200 msec. A slight over-
shoot is evident for about 600 msec
after cessation of the movement of
the stimulus. When this record was
made, the stimulus was visible in a
fixed position both before and after
movement. Eye fixations at these stages
of the display are indicated by the hori-
zontal components of the record at the
beginning and the end of the eye-move-
ment trace. The noise level in the rec-
ord is a combination of electronic noise
and physiological nystagmus.

From records such as that shown in
Fig. 2, reaction time and rate character-
istics of eye movement are determined
easily, as well as lag-lead errors with
respect to the stimulus at any point in
time. Considering the flexibility of the
stimulus-generating system described, it
will now be possible to obtain syste-
matic and extensive data on the eye as
a tracking mechanism, and correlated
with these data, the perceptual data for
moving stimuli. Moreover, the principle
of measurement used in conjunction
with a miniaturized detector which can
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be worn by the observer without ex-
ternal support will make possible for the
first time eye-movement measurement
with free head movement. The minia-
turization of the detector and the use of
the present principle of measurement in
recording vertical motions of the eye
are currently being developed.
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Electrolyte-Solvent Interactions:
Effect of Electrolytes on
Vibrational Spectrum of Methanol

Abstract. The addition of quaternary
ammonium halides to dilute solutions of
methanol in benzene shifts the equilibrium

Associated MeOH = unassociated MeOH

to the left. For several tetrabutylam-
monium salts, the order of increasing
effectiveness in causing the shift is:
picrate <nitrate <bromide <chloride.
The results provide evidence for the solva-
tion of electrolytes by polar molecules.

There has been considerable interest
in spectral studies of electrolyte-solvent
interactions in recent years. Most of
these have involved metallic ions and a
study of their ultraviolet or visible spec-
tra in various solvents. The results of
these studies have been interpreted in
terms of charge-transfer complexes.

Another question is whether the ex-
tent of electrolyte association—for
example, ion-pair formation—affects
these spectra. Quite recently Popov and
Humphrey (/) have shown that when
anion-cation interaction is purely elec-
trostatic, as in the quaternary am-
monium salts, the extent of ion-pair
formation has no effect on the ultra-
violet and visible spectra.

No corresponding work has been
done in the infrared. In this region of
vibrational spectra it is conceivable that
the interaction of electrolytes with polar
molecules would modify the spectra of
the latter—for example, by solvation.

We report here what is, as far as we
know, the first observation of such an
interaction—the influence of electro-
lytes on the equilibrium between asso-
ciated and nonassociated methanol
when both are dissolved in benzene.

It is well known that the O-H
stretching vibration for methanol oc-
curs at 2.75 p and that the (self)-
association peak occurs at 3.0 u in pure
liquid methanol (2). In a moderately
dilute solution (>25 X 103M) of
methanol in a nonabsorbing, nonpolar
solvent (benzene), both peaks are pres-
ent, their intensity ratio depending on
the total concentration. In a very dilute
solution the associated peak is absent.
A plot of absorbancy versus total con-
centration for both peaks is shown in
Fig. 1. The addition of an electrolyte
tends to enhance the associated peak at
the expense of the nonassociated one.
A plot of the concentration ratio of the
two forms as a function of total con-
centration is shown for various con-
centrations (molar concentrations are
used throughout this report) of the
electrolyte — tetrabutylammonium bro-
mide (Bu,NBr). The cationic charge
is buried in a paraffin ball in this salt,
and in the environment most of the
electrolyte exists in the form of elec-
trostatically associated ion pairs and
quadrupoles, with the free-ion concen-
tration rather low. However, in spite of
what are probably rather weak electro-
static ion-dipole interactions, the effect -
of the salt in enhancing the associated
methanol concentration is considerable,
increases in the two concentrations

- being roughly equal to each other.
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Fig. 1. Absorbancy of the free O-H

(2.75 p) and associated O-H (3.0 w)
peak as a function of total concentration
in benzene.
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