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RESEARCH COMPLETED

Since the 16th of May 1961 research has been completed and
reports prepared on the following subjects. Reprints of these re-
ports should be available within the next few months. A list of
recent reports, and their PNR numbers, is included at the end of
this report,

PNR-258 ghe Gap between the Hearing of External and Imterngl Sounds.
. v. BBkEsy. o

The signal-to-noise ratio of the ear poses many unsolved prob-
lems because of the eart!s high sensitivity for external sound. There
seenm to .be three gsystems involved in transforming the large but force=
less vibrations of air particles into the smaller vibrations of a
stiffer molecular layer: (1) a hydraulic transformer in the middle
ear, (2) a shearing force around the hair cells, and (3) a molecular
transformer that concentrates all the forces onto a small layer. It
is probable that the mechanical displacements are transformed into
electrical po-entials by a triggering mechanism.

Relevant to this issue are the hearing of one's own voice and
the noises in the body of nervous origin. It may be that some form
of neural inhibition decreases the importance of these internal noises
relative to the external stimulus,

This article will appear in a forthcoming issue of the Journal
of Experimental Bilology.

PNR-259 The Quantification of Tonal Volume. H. S, Terrace and S. S.
Stevens,

Tonal volume is defined as the apparent size or space-filling
attribute of a sound. In six experiments groups of 10 subjects
estimated the magnitude of the apparent volume of tones selected
from the equal-volume contours previously determined by Thomas. For
each experiment two cuts, widely spaced, were made across each of
five contours, These cuts defined a set of ten tones, each of a
different frequency and intensity. In order to check the reliability
of the magnitude estimations of volume, the tones from each cut were
used in at least two experiments.

In each experiment, one of the two tones from the middle contour
served as a modulus (standard), whose value was called 10.

The data from all six experiments confirm the general shape of
Thomas!s equal-volume contours. Magnitude estimations ef volume had
quite similar values for all tones taken from the same contour. The
averaged values from the six experiments indicate that the subjective
magnitude associated with each of Thomas!s equal-~volume contours is
approximately twice that of the next smaller contour. From these con-
tour values it follows that volume grows as a power function of sound
pressure, and that the exponent. increases markedly with frequency.



RESEARCH COMPLETEN ' 3

The power functions showing the growth of volume with sound pressure
converge toward a common value at a level of 140 db, Volume behaves
as a prothetic continuum and is not a power function of frequency.

This article will appear in a forthcoming issue of the American
Journal of Psychology.

PNR-263 Comments on the Measurement of the gg}ative‘size of d-c¢
Potentials and Microphonics in the Cochlea. . v, Békésy.

This Letter to the Editor will appear in the Journal of the
Acoustical Society of America in January 1962,

PNR-265 Can We Feel the Nervous Discharges of the End Organs
Juring Vibratory otimulation of the Skin? G. v. BBkésy.
The vibratory pitch sensation is a complicated function of
both the frequency and the amplitude of the vibrations, and
frequency discrimination on the skin is thus inaccurate within
a range of one or two octaves, Rutherford'!s telephone theory

for pitch discrimination does not describe the pitch of vibratery
sensations.

PNR-266 The he Scaling of Subjective Roughness and Smoothness.

S. S, Stevens and Judith Rich.

Preliminary experiments showed that the apparent roughness
and smoothness of 12 samples of emery cloths could be scaled by
magnitude estimation. Two 7-point category scales produced
results typical of prothetic continua: the plot of the category
scalo v3, the ratio scale is concave dowrward, but the curvature
depends upon the spacing of the stimuli,

Magnitude estimations of roughness and smoothness produced
straight lines when plotted (log-~log) against grit number, In
order to determine the exponents of these power functions more
precisely, two additional experiments were run with magnitude
egstimation and one with cross-modality matching against loud-
ness. All three experiments gave results that were power functions
of grit number with exponents in the vicinity of -1.5 for rough-
ness and +1,5 for smoothness, (Grit number is proportional to
the reciprocal of particle size,) In terms of the average di-
ameter D of the abrasive particles, roughness R, in units of ruks
(1 unit = roughness produced by grit 320), is given by

R = 106.50%,

Although judgments of smoothness turned cut to be nearly pro-
portional to the reciprocals of the judgments of roughness, this
reciprocality was most clearly evident when 10 0Os adjusted the
intensity of a noise to produce a loudness that matched the apparent
smoothness., The cross-modality matches also confirmed the exe
ponents: determined by magnitude estimation.



PNR-267 Concerning the Pleasures of Observing, and the Mechanics
of the lnner Ear. G. v. B8kdsy.

This article will be published as a Nobel Lecture in Les
Prix Nobel en 1961.

SPECTIAL ACTIVITIES

Georg von Békésy was the recipient of the 1961 Nobel Prize
in Medicine for ™is discoveries concerning the physical
mechanisms of stimulation within the cochlea." This climaxes
the many honors Dr. Békésy has received since he came to the
Psycho-Acoustic Laboratory in 1947. Almost -:imultaneously
with the amnouncement of the Nobel Prize, Dr. Békésy was honored
by an award from the Deafness Research Foundation.

S« S. Stevens gave an invited address at the meetings of
the American Psychological Association. The address, entitled
"The Surprising Simplicity of Sensory Metrics," was made in
response to his haring received the Distinsuished Seientific
Contwibutiug award in 19750.
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1. Fractionation of brizhtness under conditions of simultaneous
contrast. J. C. Stevens. One half of the apparatus described
under item 2 in this report was used to repeat and extend our
experiments on contrast. With the right eye the observer viewed
a pair of concentric fields. His task was to adjust the luminance
of one of the fields so that its brightness appeared to be some
fraction or multiple of the other field. A dozen observers partic-
ipated in each of three experiments.

(1) In the first experiment the observer attempted to adjust
the imer field so that it appeared to be 1/2, 1/4, 1/10, and 1/20
as bright as the surround. These judgments were performed a2t each
of seven levels of the surround betwsen 40 and 100 db re 10-10
lambert. To control the adaptation, the observer was dark-adapted
before the experiment, and the fields were exposed for 1.5 sec
with intervals of 8 sec bctween exposures, The results were gen-
erally consistent with the earlier findings. With a bright surround,
the brightness of a target grows as a power function of its lum-
inance. The exponent is very much larger than that of the stan-
dard bril function (determined without contrast), and the size
of the exponent increases with increasing luminance of the sur-
round, at least up to about 80 db. With very brisht surrounds,
the functions ~opear so steep that they are difficult to determine
with precision, and the results were not sufficiently clearcut to
decide whether the exponent continues to increase beyond surround
levels of about 80 db.

(2) 1In the second experiment the observer set the luminance
of the surround so that it looked twice or ten times as bright as
the inner disk. The results were quite consistent with those of
the first experiment.

(3) The third experiment was like the second, except that
the target and its surround were on continuously until the ob-
server finished his adjustment. The purncse was to learn
whether the increased light adaptation would play a major rols
in determining the slope of the brightness function under condi-
tions of simultaneous contrast. Over the range explored (35 to
95 db) there was a negligible effect produced by changing the
conditions of adaptation from periodic to continuous exposure of
the fields. The average settings in the two experiments were
practically the same, 5
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2. Apnaratus for the Study of Contrast. R. Gerbrands, J. C.
Stevens, and S. S. Stevens, An apparatus was constructed
for the study of simultaneous brightness contrast (see Fig. 1).
This apparatus features a pair of large Lummer-Brodhun cubes,
each of which serves to produce a pair of concentric fields (an
inner disk and an outer surround, similar to the two fields seen
in a Macbeth Illuminometer). With the left eye tne observer sees
the inner and outer fields produced with one of the cubes, and
with the other eye he sees the two fields produced with the
other cube. The fipure shows only the half of the apparatus
that is used to stimulate the left eye; the other half is iden-
tical, except that the parts are reversed, left for right.

The four fields are produced by four identical projectors.
With 300-watt lamps in the projectors, the fields have a maximum
luminance of about 110 db re 10-10 lambert. For most experiments,
100-watt lamps are adequate. By means of mirrors and tubes, the
beams are directed to the appropriate part of the cube., The flux
from each projector can be independently controlled with neutral
density filters and by an aperture of contimuously variable size.
Zach aperture alone permits a continuous variation of more than
40 db in the luminance of a field., Both the observer and the
experimenter can control each of the four apertures by means of
knobs., The luminances of the inner and outer fields can also be
attenuated by the same factor simultaneously by inserting a
neutral density filter between the cube and the observer. Ground
glass diffusion screens inserted between the cube and the light
source insure uniformity of luminance over each field.

For convenient monitoring during an experiment, the photo-
sensitive element of a Welsh Densichron can be placed at a window
in any of the boxes containing the mirrors and filters. 3ince
readings taken at this point are proportional to the luminance of
the fields seen by the observer, a change in the luminance of one
or more of the fields can be registered directly, in decibels, on
the logarithmic scale of the Densichron,

The apparatus is convenient for interocular matching in studies
related to brightness contrast. Tha observer's task may be to
match the apparent brightness of the two inner fields when the
outer fields have different luminance levels. By this procedure
one can determine the combinations of target and surround lumi-
ance that leave invariant the brightness of the inner disk. Studles
of this kind will be made in order to test an equation for simul.
taneous contrast that was published earlier (J. opt. Soc. Amer.,
1960, 50, p. 1139).

With the neutral filters replaced by variovs selective filters,
the apparatus may also be used to study color induction.

Details regarding the construction of the Larmer-Brodhun cubes:
each cube is made from two right angle prisms. These prisms are of
optical glass and have polished surfaces, The right angle faces are
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47 x 47 ym, The long face of one of the prisms is treated with
hydrolflucric aeid so that all but a carefully masked central
portion of the surface is etched away. This masked portion is
an ellipse 22 x 15.5 mm. The etching, in effect, raises the
ellipse above the rest of the surface.

The two prisms are then cemented together, long face to long
face, in such a way that only the elliptical surface of the
etched prism makes optical contact with the surface of the other
prism. The quantity of cement used must be just enough to
spread evenly over the elliptical surface. An excess of cement
will spill over the area and will result in a non-circular field
when the ellipse is viewed at 45°. The cement used is Canada
Balsam, treated in an oven at high temperature, so that it will
solidify at room temperature, In the cementing process both the
cement and the prisms are heated to a temperature of 150°C. The
hot cement is then applied to the hot prisms, one prism is placed
on top of the other, and both allowed to cool slowly to room
temperature. After cooling, the joint formed by the surfaces of
the prisms is sealed with a strip of tape., The cube formed by
the cemented prisms is then ready for use in the apparatus
described above,

3. Subjective Brightness of Visual Stimuli of Various Durations
and [uminances. T, Aiba, The relation between duration and
apparent brightness of flashes produced by a glow-modulator tube
will te determined by the methods of matching and magnitude
estimation. The objects of this investigation are threefold.

First, the validity of Bloch's law will be examined at several
energy levels. Although Bloch's law has been found to hold true
when various threshold. measures were used, evidence for its
validity for flashes at .suura-threshold levels is scanty and, at
best, based on a few selected energy levels. Second, the bright-
ness function for flashes of varying duration will be determined.
If the flash duration and Iuminance are perfectly reciprocal
(i.e. if Bloch's law holds), then the power function that has been
found for flashes of a fixed duration will presumably also hold
for flashes of varying duration. But in the region where Bloch's
law does not hold exactly, the exponent of the function is
expected to be different. Third, the ranges of luminance and
duration that cause the so-called "Broca-Sulzer effect" will be
examined. Although this effect has been rather well established,
there is some doubt whether it shows up at all intensities. The
optimal durations for producing the effect at various intensity
levels also need to be more clearly determined.

4, subjective Brightness durine Dark Adaptatior. G. van den
Brink, The purpose is to trace the time coui'se followed by
the brightness of suprathreshold stimuli during derk adaptation,
After the right eye has been light adapted, tue svbjective
brighéness of various luminances will be measurad as a function
Of;tho.timc in the Aark by means of a brightness comparison with
stimuli presented to the dark-adapted left eye, Luring the
process of dark adeptation, the orightness of tﬁ~‘targ;t‘observed
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with the right eye increases. Periodically, stimuli that are
subjectively weaker than the comparison stimulus in the left eye
will be presented to the right eye. The times at which stimuli

in the left and right eyesbecome equal in subjective brightness
will be measured for different luminances of the right-eye stimulus,

5+ Studies of Loudness, Softness, Distance, and Reciprocality.

M. Guirao. This study concerns two problems: (1) whether the
instructions to judge "distance" produce different results from
instructions to judge loudness and softness; and (2) under what
conditions judgments of softness are the reciprocal of judgments
of loudness.

Fourteen experiments were carried out. The experiments
involved judgments of loudness, softness, and "distance" of pure
tones and white noise. The methods used included magnitude
.estimation, magnitude production, and category production. In
‘the experiments involving Judgnments of "distance,!" the results
were essentially identical to the results obtained with estimates
of softness: they were approximately the reciprocal of the
estimates of loudness. Reciprocality between estimates of
loudness and softness was shown more precisely with the method
of magnitude production than with the method of magnitude
estimation.

6. The Transition Level: A Discontimuity in the Intensitive

Difference Limen. L. McMahon., ZExperiments by D. Greerwood
indicate that the masked threshold for a pure tone in the
presence of a narrow band of noise is proportional to the sen-
sation level of the noise up to a certain level called the
transition level. At this point, the masked threshold drops
about 3 db; above the transition level the masked thresheold is
again proportional to ths noise intensity. Prelininary exper-
iments by Greemwood showed that this discontinuity at a tran-
sition level also occurred when the masking stimulus was a pure
tone of the same frequency as the maslted tone; in this case the
experiment could be consicered an investigation of the inten-
sitive difference threshold (PNM-91, 15 May 1961, p. 8).

Preliminary results oy the present experimenter (with one
observer) show that the discontimuity at the transition level
can be demonstrated by two methods: (1) for a fixed level of
the steady (masking) tone, the observer adjusts tne size of the
increment until it is just audible; (2) for a fixed ratio of the
increment to the sound pressure of the steady tone, the observer
adjusts the level until the increment is just audible, Results
of the two methods agree in showing a transition lsvel at which
the ratio of increment to steady level drops 6 to & db.

With more satisfactory apparatus, now being secigred, the
parameters affecting this discontimuity in the rari=d thres-
hold will be investigated more fully.
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7. A Test of Binocular Summation. L. R. Hammer, J. D. Kieffer,

and A, W. Slawson., A prelinminary experiment has suggested
that magnitude estimations of stimuli viewed binocularly do not
differ significantly from the estimations of the same stimuli
viewed with only one eye.

Subjects were dark-adapted and seated in a light-proof booth.
They wers asked to judge the brightness of a round 3-degree spot
whose lumirance was changed in irregular order within the range
of approximately 53 to 103 db above 10-10 lamberts. An exper-
imenter in the booth operated shutters that allowed vision with
the right eye only, the left eye only, or with both eyes. Each
stimulus lasted 1 sec. The observer was asked to assign numbers
proportional to the apparent brightness, beginning with any
number he felt to be appropriate, Regardless of -hether
one or two eyes were employed, the magnitude estimates of bright-
ness srew as.a jowver function of stimulus luminance with an
exponent of approximately .35, and the intercepts of the power
functions were not significantly different from one another,

8. Subjective Saturation of a Color. D. W, Panek. An attempt
will be made to determine the relation between subjective

estimates of degree of saturation and the actual proportion of

a2 hue added to a gray. To this end, a mixer has been constructed

which, by mixing a colored and a gray paper, presents to the

subject a colored spot which is continuously variable in

saturation.
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