54 E. W. Blake, Jr.—Articulate Vibrations.

ARr. VIL—A method of recording Articulate Vibrations by means
of Photography ; by E. W, BLAKE, Jr., Hazard Professor of
Physics, Brown University.

THE extreme minuteness of the vibrations of the iron disc of
the Bell telephone withdraws them from all ordinary methods
of observation and measurement. A pointed wire fastened to
the center of a ferrotype disc 24 inches in diameter, and mov-
ing on smoked glass, gave ;% inches as the extreme ampli-
tade of vibration under a powerful impulse of the voice,
while sounds moderated to such a point as to be fairly articu-
late, were with difficulty detected by the movement which they
communicated.

Animal membranes, possessing greater flexibility than the
metal dise, seemed to promise better results, but the inertia of
the attached wire, and the resistance offered by the smoked sur-
face, become of importance, and throw doubt on the accuracy
of the results obtained. Dr. Clarence J. Blake employs the
human membrana tympani as a logograph,* and has obtained
very beautiful and interesting tracings. I find by examination
of some, which he kindly sent me, that the number of vibra-
tions as recorded falls considerably below the ordinary pitch of
the voice, being in some cases as low as 80 per second.

The logograph described by W. H. Barlow, F.R.S, in a
paper read before the Royal Society,} serves to record the
varying pressures of the expelled air taken as a whole.
With a single exception the diagrams give no suggestion of the
musical character of the sounds. The width of the liue drawn
by a camel’s hair brush and the slow movement of the paper
would mask the minute vibrations even if the apparatus were
otherwise adapted to showing them.

The opeioscope, invented by Professor A. K. Dolbear, con-
sisting of a tense membrane, to the center of which a small
mirror is attached, is well adapted to proving the existence of
musical vibrations in human speech, but not to determining
their character.

The phonograph of Mr. Edison records on tin-foil enough
of the vocal elements to reproduce intelligible articulation.
The minute indentations are therefore a record of great scientific
value. In the hands of Mr. Fleeming Jenkin they promise to
lead to valuable results} in the analysis of vocal sounds.

Dr. S. Th. Stein§ described in 1876 a method of photograph-

* Archives of Opthalmology and Otology, vol. v, No. 1, 1876.
+ Reprinted in the Popular Science Review, London, July, 1874.

 Nature, May 9th, 1878. Article on Phonograph by Mr. J. Ellis.
§ Poggendorff’s Annalen, Bd. clix, S. 142.
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ing the vibrations of tuning forks, strings, &c., by attaching to
them plates of blackened mica punctured with small holes. A
beam of sunlight passing through the hole strikes a sensitive
plate moving with uniform velocity, and leaves a permanent
record of the combined motions. Dr. Stein considers his
method applicable to wvocal sounds, but I cannot learn that he
has ever attempted this application. My own experiments in
that direction by Stein’s method resulted in failure.

The object of this paper is to describe a method of obtain-
ing photographs of minute vibrations on a magnified scale.

A plane mirror of steel, A, is supported by its axis in the
metal frame B. The ends of the axis are conical, and carefully
fitted into sockets in the ends of the screws C, C. On the back
of the mirror is a slight projection D pierced by a small hole.

The vibrating disc, as hitherto employed, is a circular plate
of ferrotype iron, 2% inches in diameter, screwed to the back of
a telephone mouth-piece of the form
invented by Professor John Peirce,
and now universally used. From
the center of the back of this disc a
stiff steel wire projects, the end of .
which is bent at a right angle. This
wire serves to connect the vibrating
disc with the mirror by hooking into
the hole in D, as represented mn the
figure. The mirror frame and the
vibrating disc are kept in a fixed re-
lation to each other by a block of hard wood, to which both are
firmly screwed. The mirror is set with its axis parallel, and its
reflecting surface perpendicular, to the vibrating disec.

A heliostat sends a beam of sunlight horizontally through a
small circular opening. This beam passes intoa dark closet
and at a distance of several feet from the circular opening falls
upon the mirror above described placed with its axis inclined
45° to the horizon. The rays, reflected vertically downward,
pass through a lens at whose focus they form an intensely lumin-
ous image of the circular opening.

A carriage moving smoothly on four wheels travels beneath
the lensat such a distance that the sensitized plate laid upon it
comes at the focus for actinic rays. A uniform velocity is given
to the carriage by a string fastened to it and passing over a
pulley. To this string a lead weight, just sufficient to balance
friction, is permanently attached, while a supplemental weight
acts at the beginning of motion and is removed just before the
sensitized plate reaches the spot of light above described.

The velocity attained by the carriage is determined by plac-
ing a sheet of smoked glass apon it and letting it run under a

Back view of Mirror, actual size.
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tuning fork (Ut 83—b12 v. s.) provided with a pointed wire. In
every case more than 200 vibrations were counted and meas-
ured, and careful comparisons made between the earlier and
later ones, so as to be certain of the uniformity of the motion.

From the description it will be evident, that when the car-
riagealone is in motion a straight line will be photographed upon
the plate. On speaking into the mouth-piece the disc is set in
vibration, each movement causing change of angular position
of the mirror, the reflected light moves through twice this
angle, and the resulting photograph gives us the combination
of its motion with that of the carriage.®

The general character of the curves obtained is shown in the
accompanying figures, which are about one-half (0-56) the actual
size of the originals. The reduction was accomplished by pho-
tography on the wood itself, so that the skill of the engraver
was employed simply to follow the lines, which he has done
with great fidelity.

The velocity of the carriage for the vowel-sounds was 214,
for Brown University, 40, and for How do you du, 14 inches per
second.

In the mathematical discussion of these curves the abscissas
are measured by the known velocity of the carriage, and serve
to determine the pitch, the ordinates represent the amplitude of
vibration of the center of the disc, magnified 200 times in the
photographs. The reduction of scale makes the magnifying in
the wood-cuts only 112 times.

The ordinates are not strictly straight lines, but parts of the
vertex of a parabola, and closely approximate to circular ares
whose radius is the focal length of the lens employed.t+ In the
figures given, the centers of curvature of these arcs is at the
right hand.

With an ordinary tone of voice an amplitude of nearly an
inch is obtained, implying a movement of the center of the
disc of ‘005 inches as determined by actual measurement.

By varying the accelerating weight and its fall, any manage-
able velocity may be given to the carriage. Kach syllable
requires for its articulation about one-fourth of a second, hence

* The carriage should run from right to leff. The negative (examined from the
gluss side), and prints taken from it, then give the syllables in their proper order,
and show movements of the disc from the speaker by lines going from the obser-
ver. The arrangement of my dark room compelled me to make my carriage move
from left to right; hence, in the figures given, forward positions of the disc are
represented by the lower portions of the curves.

4 It can easily be shown that the reflected beam describes the envelope of a
cone, whose apex has an angle of 90°, and whose axis is inclined 45°. The in-
tersection of this cone with the horizontal plane gives the parabola. The lens
employed transfers the apex to its own optical center. The ordinates may be
made practically straight lines by placing the mirror with its axis vertical so as to

reflect the beam almost directly back on its path, and having the sensitized plate
move up and dowu in a vertical plane.
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the plates must be quite long when the velocity is great. I
employ plates two feet in length, and find that velocities from
16 to 40 inches per second give good results. The action of
the light is however inversely as the velocity. To compensate
for this, the size of the circular opening admitting the light
may be increased. This, of course, causes an enlargement of the
luminous image, and apparently involves an injurious widening
of the line traced, but, as observed by Dr. Stein in his experi-
ments, the effect of velocity is to narrow the line photographed,
since the maximum exposure is in that diameter of the circular
image which lies in the line of motion. This is a great advan-
tage, since a variation of velocity in the vibration is marked
by the widening of the line, often more clearly than by the
form of the curve.

I have employed the ordinary photographic process, not at-
tempting to obtain special sensitiveness. The brightest sunlight
is required, a slight haziness interfering seriously with the
result. My heliostat employs two reflectors of ordinary look-
ing-glass, and the loss of light is considerable.

To guide those who may wish to try this method I add the
following measurements :

Diameter of circular opening ____._______ % % inches.*
Distance of mirror from circular opening ... _.. 28 feet.
Distance of mirror from photographic plate. . .11} inches.
Focal length of lens____________.____..____ 9% inches.
Size of steel mirror____ ... ___._____. 0°46x034 inches.
Weight of steel mirror_.____. .___._______ 0065 gram.

The question naturally arises whether the mirror may not
so interfere with the vibrating disc as to destroy its articulation.
The telephone gives a direct answer and banishes the doubt.
The mirror was attached in the manner already described to
the disc of a telephone, and the instrument showed itself still
perfectly capable of ‘sending,’” and ‘receiving,’” without notice-
able loss of clearness or quality.

Are all the audible elements of speech traceable in these
records ? in other words, is the record complete? I am not
prepared as yet to answer this question definitely, but the fol-
lowing experiment leads me to doubt whether an affirmative
answer can be given, while at the same time it illustrates in a
striking manner the sensitiveness of the ear. The mirror was
attached to the disc of a receiving telephone and a photograph
taken from it while the instrument was talking audibly. The
resulting record was almost a smooth line, showing but very
slight indications of movement of the mirror. It would there-
fore, appear that there are distinctly audible elements, which

* Depending on velocity required, and on actinic intensity of the light.
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are too minute to be recorded by this method. It is to be
noted, however, that the width of the line traced where the
vibrations are extremely small, is so great as to mask the curv-
ature, so that the experiment just cited is not entirely fair.
The clearness and beauty of the curves obtained can hardly
be appreciated without inspection of the originals. Their
complexity and variety open a large field for investigation, and
they seem to offer the means of analysis of articulate speech.





