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the recent book “How to see with the Microscope,”
a work which is a valuable addition to Microscopical
Literature ; both wrote articles against “ Z7e Mis-
interpretation of the Microscope” In that article
we gave very strong illustrations of the “misrepresen-
tations” referred to, but the paper was written some
years in advance of the present developments, which
have made the case much stronger. The disputed
resolution of the “Podura” scale was then quoted as
an instance of an objective giving two distinct resolu-
tions of an object, one of which was clearly an errone-
ous one, but who would have then anticipated that
the spherules on “ Angulatum” which we have for so
many years religiously regarded as the true ultimate
resolution of that diatom, would prove to be an illu-
sion ? While to make the case more complicated, Pro-
fessor E. Abbe states that “ while it is not my opinion
that the Adngulatum valve is composed of spherules,
yet even if such should exist, they would not have a
different effect.”

Thus  Zhe Misinterpretation of the Microscope”
under certain conditions, is no myth, but an admitted

fact; we welcome then the improvements which shall
at least partially remedy the evil. The high angle

objectives of the present, although far from perfect,
give great hope for the future, and we trace in
Professor Smith’s work, to which reference has been
made, the advent of a higher intelligence among
Microscopical workers. This new spirit of progress
is well described by Dr. Beale when he says, the
Microscopist, like the Astronomer, is ever longing
to get a little beyond the point at which he has
already arrived. Each new fact gained by research
seems but to indicate the existence of more and
more important things beyond. Limit is reached
and then surmounted, but soon a new limit seems to
rise from the mists in the distance towards which the
worker is impelled by new hopes and desires. It is
this never-halting progress which distinguishes scien-
tific from every other kind of inquiry, and particularly
microscopical investigation, for it can never be com-
pleted. It deals with the illimitable. The boundaries
of to-day are found to have vanished to-morrow, and
the eyes and understanding begin to penetrate into
regions which but a short time before had been con-
sidered far beyond the range of possible investigation.

CONDUCTIBILITY OF GLASS FOR THE GALVANIC CURRENT,
—According to A. Sewarz, if two platinum wires are inter-
posed in the same circuit, the one passing through the free
air while the other lies between two glass plates, or is
melted into a thick capillary tube, at a certain temperature
of the tube the former glows brilliantly, while the second
remains dark. If the glass becomes heated the former
grows dark, whence the author concludes that the glass has
become more conductive.

THE PRODUCTION OF SOUND BY RADIANT
ENERGY.*

By ALEXANDER GRAHAM BELL.

In a paper read before the American Association for
the Advancement of Science, last August, I described
certain experiments made by Mr. Sumner Tainter and
myself which had resulted in the construction of a “ P/o-
Zophone,” or apparatus for the production of sound by
light ; + and it will be my object to-day to describe the
progress we have made in the investigation of photo-
phonic phenomena since the date of this communica-
tion.

In my Boston paper the discovery was announced that
thin disks of very many different substances emztted
sounds when exposed to the action of a rapidly-inter-
rupted beam of sunlight. The great variety of material
used in these experiments led me to believe that sonor-
ousness under such circumstances would be found to be
a general property of all matter. .

Atthat time we had failed to obtain audible effects from
masses of the various substances which became sonorous
in the condition of thin diaphragms, but this failure was
explained upon the supposition that the molecular
disturbance produced by the light was chiefly a surface
action, and that under the circumstances of the experi-
ments the vibration had to be transmitted through the
mass of the substance in order to affect the ear. It was
therefore supposed that, if we could lead to the ear air
that was directly in contact with the illuminated surface,
louder sounds might be obtained, and solid masses be
found to be as sonorous as thin diaphragms. The first
experiments made to verify this hypothesis pointed to-
wards success. A beam of sunlight was focussed into
one end of an open tube, the ear being placed at the
other end. Upon interrupting the beam, a clear, musical
tone was heard, the pitch of which depended upon the
frequency of the interruption of the light and loudness
upon the material composing the tube.

At this stage our experiments were interrupted, as cir-
cumstances called me to Europe.

While in Paris a new form of the experiment occurred
to my mind, which would not only enable us to investi-
gate the sounds produced by masses, but would also per-
mit us to test the more general proposition that sonorous-
ness, under the mfluence of intermittent light, is a prop-
erty common to all matter.

The substance to be tested was to be placed in the in-
terior of a transparent vessel, made of some material
which (like glass) is transparent to light, but practically
opaque to sound.

Under such circumstances the light could get in, but
the sound produced by the vibration of the substance
could not get out. The audible effects could be studied
by placing the ear in communication with the interior of
the vessel by means of a hearing tube.

Some preliminary experiments were made in Paris to
test this idea, and the 1esults were so promising that they
were communicated to the French Academy on the 11th
of October, 1880, in the note read for me by Mr. Antoine
Breguet.] Shortly afterwards I wrote to Mr. Tainter,
suggesting that he should carry on the investigation in
America, as circumstances prevented me from doing so
myself in Europe. As these experiments seem to have
formed the common starting point for a series of inde-
pendent researches of the most important character,
carried on simultaneously, in America by Mr. Tainter,

*A Paper read before the National Academy of Arts and Sciences,
April 21, 1881.

‘+Proceedings of American Association for the Advancement of Science,
Aug. 27, 1880 see, also, American Journal of Science, vol. xx, p. 305 ;
gou'rnal of the American Electrical Society, vol. iii, p. 3; Journal of the

ociety of Telegraph Engineers and Electricians, vol, ix, P. 404 ; Annales
de Chimie et de Physique, vol. xxi.

t Comptes Rendus, vol. xcl, p. 595.
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and in Europe by M. Mercadier,} Prof. Tyndall,} W. E.
Rontgen,§ and W. H. Preece,| I may be permitted to
quote from my letter to Mr. Tainter the passage describ-
ing the experiments referred to:

METROPOLITAN HOTEL, RUE CAMBON, PARIs,

Nov. 2, 1880.
DEAR MR. TAINTER:

* % % Thave devised a method of producing sounds by the
action of an intermittent beam of light from substances that can-
not be obtained in the shape of thin diaphragms or in the tubular
form; indeed, the method is specia'ly adapted to testing the gen-
erality of the phenomenon we have discovered, as it can be adapt-
ed to solids, liquids, and gases.

Place the substance to be experimented with in a glass test-tube,
connect a rubber tube with the mouth of the test-tube, placing the
other end of the pipe to the ear. Then focus the intermittent
beam upon the substance in the tube. I have tried a large num-
ber of substances in_ this way with great success, although it is
extremely difficult to get a glimpse of the sun here, and when it
does shine the intensity of the light is net to be compared with
that to be obtained in Washington. I got splendid effects from
crystals cf bichromate of potash, crystals of sulphate of copper,
and from tobacco smoke. A whole cigar placed in the test-tube
produced a very loud sound. I could not hear anything from
plain water, but when the water was discolored with ink a feeble
sound was heard. I would suggest that you might repeat these
experiments and extend the results,” &c., &e.

Upon my return to Washington in the early part of
January,tt Mr, Tainter communicated to me the experi-
ments he had made in my laboratory during my absence
in Europe.

He had commenced by examining the sonorous proper-
ties of a vast number of substances enclosed in test-tubes
in a simple empirical search for loud effects. He was
thus led gradually to the discovery that cotton-wool,
worsted, silk, and fibrous materials generally, produced
much louder sounds than hard rigid bodies like crystals,
or diaphragms such as we had hitherto used.

In order to study the effects under better circum-
stances he enclosed his materials in a conical cavity in a
piece of brass closed by a flat plate of glass. A brass
tube leading into the cavity served for connection with
the hearing-tube. When this conical cavity was stuffed
with worsted or other fibrous materials the sounds pro-
duced were much louder than when a test-tube was em-
ployed. This form of receiver is shown in Fig. 1.

Mr. Tainter next collected silks and worsteds of differ-
ent colors, and speedily found that the darkest shades
produced the best effects. Black worsted especially gave
an extremely loud sound.

As white cotton-wool had ‘proved itself equal, if not
superior, to any other white fibrous material before tried,
he was anxious to obtain colored specimens for compari-
son. Not having any at hand, however, he tried the
effect of darkening some cotton-wool with lamp-black.
Such a marked re-enforcement of the sound resulted that
he was induced to try lamp-black alone.

About a teaspoonful of lamp-black was placed in a
test-tube and exposed to an intermittent beam of sun-
light. The sound produced was much louder than any
heard before.

Upon smoking a piece of plate-glass, and holding it in
the intermittent beam with the lamp-black surface to-
wards the sun, the sound produced was loud enough to
be heard, with attention, in any part of the room. With
the lamp-black surface turned from the sun the sound
was much feebler.

Mr. Tainter repeated these experiments for me im-
mediately upon my return to Washington, so that I
might verify his results.

‘+** Notes on Radiophony,” Comeptes Rendus, Dec, 6 and 13,1880 Ieb.
21 and 28, 1881. See, also, Yournal de Physique, vol. x, p. 53.

1 *“Action of an Intermittent Beam of Radiant Heat upon Gaseous
Matter.”” Proc. Royal Society, Jan, 13, 1881, vol. xxxi, p. 307.

§ ** On the tones which arise from the intermittent illumination of a
gas.”” See Annalen der Phys. und Chemic, Fan., 1881, No. 1, p. 155,

|*“On the Conversion of Radiant Energy into Sonorous Vibrations,”’
Pyoc. Royal Society, March 1o, 1881, vol. xxxi, p. 506,

+1On the 7th of January,

Upon smoking the interior of the conical cavity shown
in Fig. 1, and then exposing it to the intermittent beam,
with the glass lid in position as shown, the effect was
perfectly startling, The sound was so loud as to be
actually painful to an ear placed closely against the end
of the hearing-tube.

The sounds, however, were sensibly louder when we
placed some smoked wire gauze in the receiver, as
illustrated in the drawing, Fig. 1.*

‘When the beam was thrown into a resonator, the in-
terior of which had been smoked over a lamp, most
curious alternations of sound and silence were observed.
The interrupting disk was set rotating at a high rate of
speed, and was then allowed to come gradually to rest,
An extremely feeble musical tone was at first heard,
which gradually fell in pitch as the rate of interruption
grew less. The loudness of .the sound produced varied
in the most interesting manner. Minor re-inforcements
were constantly occurring, which became more and more
marked as the true pitch of the resonator was neared.
When at last the frequency of interruption corresponded
to the frequency of the fundamental ot the resonator, the
sound produced was so loud that it might have been
heard by an audience of hundreds of people.

The effects produced by lamp-black seemed to me to
be very extraordinary, especially as I had a distinct
recollection of experiments made in the Summer of 1880
with smoked diaphragms, in which no such re-enforce-
ment was noticed.

Upon examining the records of our past photophonic
experiments we found in vol. vii, p. 57, the following
note :

“ Experiment V.—Mica diaphragm covered with lamp-
black on side exposed to light.

«Result: distinct sound about same as without lamp-
black.—A4. G. B. Fuly 18¢%, 1880.

“Verified the above, but think it somewhat louder
than when used without lamp-black.—S. 7%, Fuly 184,
18830.

Upon repeating this old experiment we arrived at the
same result as that noted. Little if any augmentation
of sound resulted from smoking the mica. In this ex-
periment the effect was observed by placing the mica
diaphragm against the ear and also by listening through
a hearing-tube, one end of which was closed by the
diaphragm. The sound was found to be more audible
through the free air when the ear was placed as near to
the lamp-black surface as it could be brought without
shading it.

At the time of my communication to the American
Association I had been unable to satisty myself that the
substances which had become sonorous under the direct
influence of intermittent sunlight were capable of repro-
ducing the sounds of articulate speech under the action
of an undulatory beam from our photophonic transmitter.
The difficulty in ascertaining this will be understood by
considering that the sounds emitted by thin diaphragms
and tubes were so feeble that it was impracticable to pro-
duce audible effects from substances in these conditions
at any considerable distance away from the transmitter ;
but it was equally impossible to judge of the effects pro-
duced by our articulate transmitter at a short distance
away because the speaker’s voice was directly audible
through the air, The extremely loud sounds produced
from lamp-black have enabled us to demonstrate the
feasibility of using this substancein an articulating photo-
phone in place of the electrical receiver formerly employed.

The drawing (Fig. 2*) illustrates the mode in which the
experiment was conducted. The diaphragm of the trans-
mitter (A) was only 5 centimetres in diameter, the diameter
of the receiver (B)wasalso 5centimetres, and the distance
between the two was 40 metres, or 8oo times the
diameter of the transmitting diaphragm. We were
unable to experiment at greater distances without

#See page 247 for illustrations.
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a heliostat on account of the difficulty of keeping
the light steadily directed on the receiver. Words and
sentences spoken into the transmitter in a low tone of
voice were audibly reproduced by the lamp-black re-
ceiver.

In Fig. 3* is shown a mode of interrupting a beam of
sunlight for producing distant effects without the use of
lenses. Two similarly-perforated disks are employed,
one of which is set in rapid rotation while the other
remains stationary. This form of interrupter is also
admirably adapted for
work with artificial
light. The receiver
illustrated in the
drawing consists of a
parabolic refiector, in

is cut off the converse process takes place. The lamp-
black particles cool and contract, thus enlarging the air
spaces among them, and the enclosed air also becomes
cool. Under these circumstances a partial vacuum
should be formed among the particles, and the outside
air would then be absorbed, as water is by a sponge when
the pressure of the hand is removed.

I imagine that in some such manner as this a wave of
condensation is started in the atmosphere each time a
beam of sunlight falls upon lamp-black, and a wave of
rarefaction is origin-
ated when the light
is cut off. We can
thus understand how
it is that a sub-
stance like lamp-

the focus of which is

« black produces in-
tense sonorous vibra-

placed a glass vessel
(A) containing lamp-
black or other sensi-
tive substance, and
connected with a
hearing -tube.  The
beam of light is inter-

tons in the sur-
rounding air, while
at the same time it
communicales a very
feeble vibration to
the diaphkragm or

rupted by its passage
through the two
slotted dis}(s shown at B, and in operating the instrument
musical signals like the dots and dashes of the Morse
alphabet are produced from the sensitive receiver (A)
by slight motions of the mirror (C) about its axis (D).

In place of the parabolic reflector shown in the figure,
a conical reflector like that recommended by Prof. Syl-
vanus Thompsont can be used, in which case a cylin-
drical glass vessel would be preferable to the flask (A)
shownin the figure.

In regard to the sensitive materials that can be em-
ployed, our experiments indicate that in the case of

solid bed upon whick
7t rests.

This curious fact was independently observed in Eng-
land by Mr. Preece, and it led him to question whether,
in our experiments with thin diaphragms, the sound
heard was due to the vibration of the disk or (as Prof.
Hughes had suggested) to the expansion and contraction
of the air in contact with the disk confined in the cavity
behind the diaphragm. In his paper read before the
Royal Society on the 1oth of March, Mr. Preece describes
experiments from which he claims to have proved that
the effects are wholly due to the vibrations of the con-
fined air, and that the dzsks do not vibrate at all.

solids the physical con- —
dition and the color are /K

I shall briefly state my
reasons for disagréeing

two conditions that || |
markedly influence the
intensity of the sonorous
effects. 7ke loudest
sounds are produced
Jrom substances in a

with him in this conclu-
sion :

1. When an intermit-
tent beam ot sunlight is
focussed upon a sheet of
hard rubber or other

loose, porous, spongy con- = 2 —_ |C material, a musical tone
dition, and from those = o can be heard, not only
that have the darkest or i by placing the ear im-
most absorbent colors. | | / mediately behind the

‘I'he materials from part receiving the beam,
which the best effects but by placing it against
have been produced are | | i any portion of the sheet,
cotton-wool, worsted, fi- = e even though this may be
brous materials gener- s S a foot or more from the
ally, cork, sponge, plat- place acted upon by the
inum and other metals Fig. 6. light.

in a spongy condition, and lamp-black.

The loud sounds produced from such substances may
perhaps be explained in the following manner: Let us
consider, for example, the case of lamp-black—a sub-
stance which becomes heated by exposure to rays of all
refrangibility. I look upon a mass of this substance as
a sort of sponge, with its pores filled with air instead
of water. When a beam of sunlight falls upon this mass
the particles of lamp-black are heated, and consequently
expand, causing a contraction of the air-spaces or pores
among them.

Under these circumstances a pulse of air should be ex-
pelled, just as we would squeeze out water from a
sponge.

. The force with which the air is expelled must be greatly
increased by the expansion of the air itself, due to contact
with the heated particles of lamp-black. When the light

*See page 247 for illustrations,
+ Phil. Mag., April, 1881, vol. xi, p, 286,

2. When the beam is thrown upon the diaphragm of
a “Blake Transmitter,” a loud musical tone is produced
by a telephone connected in the same galvanic circuit
with the carbon button (A) Fig. 4.* Good effects are also
produced when the carbomr button (A) forms, with the
battery (B), a portion of the primary circuit of an induc-
tion coil, the telephone (C) being placed in the secondary
circuit.

In these cases the wooden box and mouth-piece of the
transmitter should be removed, so that no air-cavities
may be left on either side of the diaphragm.

1t is evident, therefore, that in the case of thin disks
a real vibration of the diaphragm s caused by the ac-
tion of the intermittent beam, independently of any ex-
pansion and contraction of the air confined in the cav-
1ty bekind the diaphragm.

Lord Rayleigh has shown mathematically that a to-and-
fro vibration, ot sufficient amplitude to produce an audible

#* See page 248 for illustrations,
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sound, would result from a periodical communication
and abstraction of heat, and he says : “ We may conclude,
I think, that there is, at present no reason for discarding
the obvious explanation that the sounds in question are
due to the bending of the plates under unequal heating.”
(Nature, xxiii, p. 274). Mr. Preece, however, seeks to
prove that the sonorous effects cannot be explained upon
this supposition ; but his experimental proof is inade-
quate to support his conclusion. . Mr. Preece expected
that if Lord Rayleigh’s explanation was correct, the ex-
pansion and contraction of a thin strip under the influ-
ence of an intermittent beam could be caused to open
and close a galvanic circuit so as to produce a musical
tone from a telephone in the circuit. But this was an
inadequate way to test the point at issue, for Lord Ray-
leigh has shown (Proc. of Roy. Soc., 1877) that an aud-
ible sound can be produced by a vibration whose ampli-
tude is less than a ten-milliontlc of a centimetre, and cer-
tainly such a vibration as that would not have sufficed
to operate a ‘“make-and-break contact” like that used
by Mr. Preece. The negative results obtained by him
cannot, therefore, be considered conclusive. -

The following experiments (devised by Mr. Tainter)
have given results decidedly more favorable to the theory
of Lord Rayleigh than to that of Mr. Preece:

1. A strip (A), similar to that used in Mr. Preece’s
experiment was attached firmly to the centre of an iron
diaphragm (B) as shown in Fig. 5, and was then pulled
taut at right angles to the plane of the diaphragm.
When the intermittent beam was focussed upon the
strip (A), a clear musical tone could be heard by apply-
ing the ear to the hearing tube (C).

This seemed to indicate a rapid expansion and con-
traction of the substance under trial.

But a vibration of the diaphragm (B) would also have
resulted if the thin strip (A) had acquired a to-and-fro
motion, due either to the direct impact of the beam or to
the expansion of the air in contact with the strip.

2. To test whether this had been the case an addition-
al strip (D) was attached by its central point only to the
strip under trial, and was then submitted to the action
of the beam, as shown in Fig. 6.

It was presumed that'if the vibration of the diaphragm
(B) had been due to a pusking force acting on the strip
(A), that the addition of the strip (D) would not interfere
with the effect. But if, on the other hand, it had been
due to the longitudinal expansion and contraction of the
strip (A), the sound would cease, or at least be reduced.
The beam of light falling upon the strip (D) was now
interrupted as before by the rapid rotation of a per-
forated disk, which was allowed to come gradually to
rest.

No sound was heard excepting at a certain speed of
rotation, when a feeble musical tone became audible.

This result is confirmatory of the first.

The audibility of the effect at a particular rate of in-
terruption suggests the explanation that the strip (D) had
a normal rate of vibration of its own.

When the frequency of the interruption of the light
corresponded to this, the strip was probably thrown into
vibration after the manner of a tuning fork, in which
case a to-and-fro vibration would be propagated down
its stem or central support to the strip (A).

This indirectly proves the value of the experiment.

The list of solid substances that have been submitted
to experiment in my laboratory is too long to be quoted
here, and I shall merely say that we have not yet found
one solid body that has failed to become sonorous under
proper conditions of experiment.*

# Carbon and thin microscope glass are mentioned in my Boston paper as
non-responsive, and powdered chlorate of potash in the communication to
the French Academy, (Comptes Rendus, vol. xlc, p. 595.) All these sub-
stances have since yielded sounds under more careful conditions of ex-
periment,

" EXPERIMENTS WITH LIQUIDS.

The sounds produced by liquids are much more diffi-
cult to observe than those produced by solids. The high
absorptive power possessed by most liquids would lead
one to expect intense vibrations from the action of inter-
mittent light, but the number of sonorous liquids that
have so far been found is extremely limited, and the
sounds produced are so feeble as to be heard only by the
greatest attention and under the best circumstances of
experiment. In the experiments made in my laboratory
a very long test-tube was filled with the liquid under ex-
amination, and a flexible rubber-tube was slipped over
the mouth far enough down to prevent the possibility of
any light reaching the vapor above the surface. Pre-
cautions were also taken to prevent reflection from the
bottom of the test-tube. An intermittent beam of sunlight
was then focussed upon the liquid in the middle portion
of the test-tube by means of a lens of large diameter.

RESULTS.

Clear water............... e No sound audible.
Water discolored by ink................. Feeble sound.
Mercury.......o.... e No sound heard.
Sulphuric ether*... ........ Feeble, but distinct sound.
Ammonia .... ....eeeiinae “ “ ¢ “
Ammonio-sulphate of copper. “ «“ “ “
Writing ink.......... e “ « “ “
Indigo in sulphuric acid...... “ “ “ “
Chloride of copper®......... “ “ “ «

The liquids distinguished by an asterisk gave the best
sounds.

Acoustic vibrations are always much enfeebled in
passing from liquids to gases, and it is probable that a
form of experiment may be devised which will yield better
results by communicating the vibrations of the liquid to
the ear through the medium of a solid rod.

EXPERIMENTS WITH GASEOUS MATTER.

On the 2gth of November, 1880, I had the pleasure of
showing to Prof. Tyndall in the laboratory of the Royal
Institution the experiments described in the letter to Mr.
Tainter from which I have quoted above, and Prof.
Tyndall at once expressed the opinion that the sounds
were due to rapid changes of temperature in the body
submitted to the action of the beam. Finding that no
experiments had been made at that time to test the
sonorous properties of different gases, he suggested filling
one test-tube with the vapor of sulphuric ether, (a good
absorbent of heat,) and another with the vapor of bi-
sulphide of carbon, (a poor absorbent,)and he predicted
that if any sound was heard it would be louder in the
former case than in the latter.

The experiment was immediately made, and the result
verified the prediction.

Since the publication of the memoirs of Réntgen* and
Tyndall} we have repeated these experiments, and have
extended the inquiry to a number of other gaseous bodies,
obtaining in every case similar results to those noted in
the memoirs referred to.

The vapors of the following substances were found to
be highly sonorous in the intermittent beam: Water
vapor, coal gas, sulphuric ether, alcohol, ammonia, amy-
lene, ethyl bromide, diethylamene, mercury, iodine, and
peroxide of nitrogen. The loudest sounds were obtained
from iodine and peroxide of nitrogen.

I have now shown that sounds are produced by the
direct action of intermittent sunlight from substances in
every physical condition (solid, liquid, and gaseous), and
the probability is, therefore, very greatly increased that
sonorousness, under such circumstances, will be found to
be a universal property of matter,

#Ann, der Phys, und Chem., 1881, No. 1, p, 155,
tProc. Rov, Soc., vol, xxxi, p. 307.
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UPON SUBSTITUTES FOR SELENIUM IN ELECTRICAL
RECEIVERS.

At the time of my communication to the American
Association the loudest effects obtained were produced by
the use of selenium, arranged in a cell of suitable con-
struction, and placed in a galvanic circuit with a tele-
phone. Upon allowing an intermittent beam of sunlight
to fall upon the selenium a musical tone of great in-
tensity was produced from the telephone connected
with it.

But the selenium was very inconstant in its action. It
was rarely, if ever, found to be the case, that two pieces
of selenium (even of the same stick) yielded the same
results under identical circumstances of annealing, etc.
While in Europe last autumn, Dr. Chichester Bell, of
University College, London, suggested to me that this
inconstancy of result might be due to chemical impurities
in the selenium used. Dr. Bell has since visited my labor-
atory in Washington, and has made a chemical examina-
tion of the various samples of selenium I had collected
from different parts of the world. As I understand it to
be his intention to publish the.results of this analysis very
.soon, I shall make no further mention of his investiga-
tion than to state that he has found sulphur, iron, lead,
and- arsenic in the so-called “selenium,” with traces of
organic matter; that a quantitative examination has re-
vealed the fact that sulphur constitutes nearly one per
cent. of the whole mass ; and that when these impurities
are eliminated the selenium appears to be more constant
in its action and more sensitive to light.

Prof. W. G. Adams* has shown that tellurium, like
selenium, has its electrical resistance affected by light, and
we have attempted to utilize this substance in place of

Fig. 7.

selenium. The arrangement of cell (shown in Fig. 7)
was constructed for this purpose in the early part of
1880 ; but we failed at that time to obtain any indica-
tions of sensitiveness with a reflecting galvanometer.
‘We have since found, however, that when this tellurium
spiral is connected in circuit with a galvanic battery
and telephone, and exposed to the action of an inter-
mittent beam of sunlight, a distinct musical tone is
produced by the telephone. The audible effectis much
increased by placing the tellurium cell with the battery
in the primary circuit of an induction coil, and placing
the telephone in the secondary circuit.

The enormously high resistance of selentum and the
extremely low resistance of tellurium suggested the thought
that an alloy of these two substances might possess inter-
mediate electrical properties. We have accordingly mixed
together selenium and tellurium in different proportions,

*Proc. Roy. Soc., vol. xxiv, p. 163.

and while we do not feel warranted at the present time in
making definite statements concerning the results, I may
say that such alloys have proved to be sensitive to the ac-
tion of light.

It occurred to Mr. Tainter before my return to Wash-
ington last January that the very great molecular disturb-
ance produced in lamp-black by the action of intermittent
sunlight should produce a corresponding disturbance in
an electric current passed through it, in which case lamp-
black could be employed in place of selenium in an elec-
trical receiver. This has turned out to be the case, and
the importance of the discovery is very great, especially
when we consider the expense of such rare substances as
selenium and tellurium.

The form of lamp-black cell we have found most effec-

tive is shown in Fig. 8. Silver is deposited upon a plate
of glass,and a zigzag line is then scratched through the

film, as shown, dividing the silver surface into two por-

tions insulated from one another, having the form of two
combs with interlocking teeth.

Each comb is attached to a screw-cup, so that the cell
can be placed in an electrical circuit when required. The
surface is then smoked until a good film of lamp-black is
obtained, filling the interstices between the teeth of the
silver combs. 'When the lamp-black cell is connected
with a telephone and galvanic battery, and exposed to the
influence of an intermittent beam of sunlight, a loud mu-
sical tone is produced by the telephone. This result seems
to be due rather to the physical condition than to the na-
ture of the conducting material employed, as metals in a
spongy condition produce similar effects. For instance,
when an electrical current is passed through spongy plat-
inum while it is exposed to intermittent sunlight, a distinct
musical tone is produced by a telephone in the same cir-
cuit. In all sucgl cases the effect is increased by the use
of an induction coil ; and the sensitive cells can be em-
ployed for the reproduction of articulate speech as well as
for the production of musical sounds.

‘We have also found that loud sounds are produced from
lamp-black by passing through it an intermittent electri-
cal current ; and that it can be used as a telephonic re-
ceiver for the reproduction of articulate speech by electri-
cal means.

A convenient mode of arranging a lamp-black cell -for
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Fig. 11.
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Blue worsted, “ “ o« “ 469 «
Purple Sﬂk, « “« “« 4 4‘82 “«
Brown silk, “ “ “ “ 5.02 ¢
Black silk, “ “ “ “ 521 ¢
Red Silk’ [ g “« [ 5‘24 «
Black worsted, “ “ oo« “ 6.50 “
Lamp-black. In receiver the limit of audibility

experimental purposes is shown m Fig. 9. When an
intermittent current is passed through the lamp-black,
(A) or when an intermittent beam of sunlight falls upon
it through the %lass plate (B) a loud musical tone can be
heard by applying the ear to the hearing-tube (C).
When the light and the electrical current act simultan-
eously, two musical tones are perceived, which produce
beats when nearly of the same pitch. By proper arrange-
ments a complete interference of sound can undoubtedly
be produced.

UPON THE MEASUREMENT OF THE SONOROUS EFFECTS
PRODUCED BY DIFFERENT SUBSTANCES.

We have observed that different substances produce
sounds of very different intensities under similar circum-
stances of experiment, and it has appeared to us that
very valuable information might be obtained if we could
measure the audible effects produced. For this purpose
we have constructed several different forms of apparatus
for studying the effects, but as our researches are not yet
complete, I shall confine myself to a simple description
of some of the forms of apparatus we have devised.

Whep a beam of light is brought to a focus by means
of alens, the beam diverging from the focal point be-
comes weaker as the distance increases in a calculable
degree. Hence, if we can determine the distances from
the focal point at which two different substances emit
sounds of equal intensity, we can calculate their relative
SONOrous powers.

Preliminary experiments were made by Mr. Tainter
during my absence in Europe to ascertain the distance
from the focal point of a lens at which the sound pro-
duced by a substance became inaudible. A few of the
results obtained will show the enormous differences ex-
isting between different substances in this respect.

DISTANCE FROM FOCAL POINT OF LENS AT WHICH
SOUNDS BECOME INAUDIBLE WITH DIFFERENT

SUBSTANCES.
Zinc diaphragm (polished)................... I.5I m
Hard rubbe?gdiaphragm..). 1.590 «
Tin-foil L Pt 2.00 “
Telephone “  (Japannediron)....... 2.15 “
Zinc “  (unpolished).......... 2.15 “
White silk, (In receiver shown in Fig. 1.) 3.10
White worsted, “ “ “ “ 401
Yellow worsted, “ “ «“ “ 406 «
Yellow silk, “ “ “ “ 413 ¢
White cotton wool, “ “ “ 438 ¢«
Gteen Sﬂk, 6« ‘% “ “« 4.52 13

could not be determined on account of want of
space. Sound perfectly audible at a distance
(] SN Ceeveisescscscsesecsaressann 10,00 “

Mr. Tainter was convinced from these experiments
that this field of research promised valuable results, and
he at once devised an apparatus for studying the effects,
which he described to me upon my return from Europe.
The apparatus has since been constructed and I take
great pleasure in showing it to you to-day. :

(1.) A beam of light is received by two similar lenses
(A B, Fig. 10%), which bring the light to a focus on either
side of the interrupting disk (C). The two substances,
whose sonorous powers are to be compared, are placed
in the recewving vessels (D E)—so arranged as to -ex-
pose equal surfaces to the action of the beam —which
communicate by flexible tubes (F G) of equal length,
with the common hearing-tube (H). The receivers
(D E) are placed upon slides, which can be moved along

-the graduated supports (I K). The beams of light pass-

ing through the interrupting disk (C), are alternately cut
off by the swinging of a pendulum (L). Thus a musical
tone is produced alternately from the substance in D -
and from that in E. One of the receivers is kept at a
constant point upon its scale, and the other receiver is
moved towards or from the focus of its beam until the
ear decides that the sounds produced from D and E
are of equal intensity. The relative positions of the re-
ceivers are then noted. .

(2.) Another method of investigation is based upon
the production of an interference of sound, and the
apparatus employed is shown in Fig. 11.* The inter-
rupter consists of a tuning-fork (A), which is kept in
continuous vibration by means of an electro-magnet (B).

A powerful beam of light is brought to a focus be-
tween the prongs of the tuning-fork (A), and the passage
of the beam is more or less obstructed by the vibration
;he opaque screens (C D) carried by the prongs of the
ork.

As the tuning-fork (A) produces a sound by its own
vibration, it is placed at a sufficient distance away to be
inaudible through the air, and a system of lenses is em-
ployed for the purpose of bringing the undulating beam
of light to the receiving lens (E) with as little loss as
possible. The two receivers (F G) are attached to slides
(H I) which move upon opposite sides of the axis of the
beam, and the receivers are connected by flexible tubes
of unequal length (K L) communicating with the com-
mon hearing-tube (M).

The length of the tube (K) is such that the sonorous
vibrations from the receivers (F G) reach the common
hearing-tube (M) in opposite phases. Under these cir-
cumstances silence is produced when the vibrations in
the receivers (F G) are of equal intensity. When the
intensities are unequal, a residual effect is perceived.
In operating the instrument the position of the receiver
(G) remains constant, and the receiver (F) is moved to
or from the focus of the beam until complete silence is
produced. The relative positions of the two receivers
are then noted.

(3). Another mode is as follows: The loudness of a
musical tone produced by the action of light is compared
with the loudness of a tone of similar pitch produced by
electrical means. A rheostat introduced into the circuit
enables us to measure the amount of resistance required
to render the electrical sound equal in intensity to the
other.

*See pages 248 and 249 for illustrations.
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(4.) If the tuning-fork (A) in Fig. 11 is thrown into
vibration by an undulatory instead of an intermittent
current passed through the electro-magnet (B), it is prob-
able that a musical tone, electrically produced in the
receiver (F) by the action of the same current, would
be found capable of extinguishing the effect produced in
the receiver (G) by the action of the undulatory beam of
light, in which case it should be possible to establish an
acoustic balance between the effects produced by light
and electricity by introducing sufficient resistance into
the electric circuit.

UPON THE NATURE OF THE RAYS THAT PRODUCE

SONOROUS EFFECTS IN DIFFERENT SUBSTANCES.

In my paper read before the American Association last
August and in the present paper I have used the word
“light "’ in its usual rather than its scientific sense, and 1
have not hitherto attempted to discriminate the effects
produced by the different constituents of ordinary light,
the thermal, luminous, and actinic rays. I find, however,
that the adoption of the word ¢ photophone” by Mr.
Tainter and myself has led to the assumption that we
believed the audible effects discovered by us to be due
entirely to the action of luminous rays. The meaning
we have uniformly attached to the words ““photophone ”
and ““light” will be obvious from the following passage,
quoted by my Boston paper:

“ Although effects are produced as above shown by
forms of radiant energy, which are invisible, we have
named the apparatus for the production and reproduc-
tion of sound in this way the ‘photophone’ decause an
ordinary beam of [light contains ithe rays whckh are
operative.”

To avoid in future any misunderstandings upon this
point we have decided to adopt the term “radioplhone,”
proposed by M. Mercadier, as a general term signifying
an apparatus for the production of sound by any form
of radiant energy, limiting the words tZermophone, plo-
tophone, and actinophone, to apparatus for the production
of sound by thermal, luminous, or actinic rays respec-
tively.

M. Mercadier, in the course of his researches in radio-
phony, passed an intermittent beam from an electric lamp
through a prism, and then examined the audible effects
produced in different parts of the spectrum. (Comptes
Rendus, Dec. 6th, 1880.)

We have repeated this experiment, using the sun as our
source of radiation, and have obtained results somewhat
different from those noted by M. Mercadier.

A beam of sunlight was reflected from a heliostat
(A, Fig. 12%) through an achromatic lens, (B) so as to
form an image of the sun upon the slit (C).

The beam then passed through another achromatic
lens (D) and through a bisulphide of carbon prism (E),
forming a spectrum of great intensity, which, when
focussed upon a screen, was found to be sufficiently
pure to show the principal absorption lines of the solar
spectrum.

The disk-interrupter (I) was then turned with sufficient
rapidity to produce from five to six hundred interruptions
of'the light per second, and the spectrum was explored
with the receiver (G), which was so arranged that the
lamp-black surface exposed was limited by a slit, as
shown.

Under these circumstances sounds were obtained in
every part of the visible spectrum, excepting the extreme
half of the violet, as well as in the ultra-red. A continu-
ous increase in the loudness of the sound was observed
upon moving the receiver (G) gradually from the violet into
the ultra-red. The point of maximum sound lay very far
out in the ultra-red. Beyound this point the sound began
to decrease, and then stopped so suddenly that a very
slight motion of the receiver (G) made all the difference
between almost maximum sound and complete silence.

#See page 249 for illustrations,

(2.) Thelamp-blacked wire gauze was then removed and
theinterior of the receiver (G) was filled with red-worsted.
Upon exploring the spectrum as before, entirely different
results were obtained. The maximum effect was pro-
duced in the green at that part where the red worsted ap-
peared to be black. On either side of this point the
sound gradually died away, becoming inaudible on the
one side in the middle of the indigo, and on the other at a
short distance outside the edge of the red.

(3.) Upon substituting green silk for red worsted the
limits of audition appeared to be the middle of the blue
and a point a short distance out in the ultra-red, Maxi-
mum in the red.

(4.) Some hard-rubber shavings were now placed in
the receiver (G). The limits of audibility appeared to be on
the one hand the junction of the green and blue, and on
the other the outside edge of the red. Maximum in the
yellow. Mr. Tainter thought he could hear a little way
into the ultra-red, and to his ear the maximum was
about the junction of the red and orange.

(5. A test-tube containing the vapor of sulphuric ether
was then substituted for the receiver (G). Commencing at
the violet end, the test-tube was gradually moved down
the spectrum and out into the ultra-red without audible
effect, but when a certain point far out in the ultra-red
was reached a distinct musical tone suddenly made its
appearance, which disappeared as suddenly on moving
the test-tube a very little further on,

(6.) Upon exploring the spectrum with a test-tube con-
taining the vapor of iodine the limits of audibility ap-
peared to be the middle of the red and the junction of
the blue and indigo. Maximum in the green.

(7.) A test-tube containing peroxide of nitrogen was
substituted for that containing iodine. Distinct sounds
were obtained in all parts of the visible spectrum, but no
sounds were observed in the ultra-red.

The maximum effect seemed to me tobe in the blue, The
sounds were well marked in all parts of the violet, and I
even fancied that the audible effect extended a little way
into the ulrra-violet, but of this I cannot be certain. Upon
examining the absorption spectrum of peroxide of nitro-
gen it was at once observed that the maximum sound
was produced in that part of the spectrum where the
greatest number of absorption lines made their appear-
ance,

(8.) The spectrum was now explored by a selenium
cell, and the audible effects were observed by means of
a telephone in the same galvanic circuit with the cell.
The maximum effect was produced in the red. The aud-
ible effect extended a little way into the ultra-red on the
one hand and up as high as the middle of the violet on
the other.

Although the experiments so far made can only be
considered as preliminary to others of a more refined na-
ture, I think we are warranted in concluding that #%ze
nature of the rays that produce sonorows effects in dzf-
Serent substances depends wpon ithe nature of the sub-
stances that are exposed to the beam, aud that the sounds
are i cvery case due to those rays of the spectrum that
are absorbed by the body.

THE SPECTROPHONE.

Our experiments upon the range of audibility of differ-
ent substances in the spectrum have led us to the con-
struction of a new instrument for use in spectrum analy-
sis, which was described and exhibited to the Philosophi-
cal Scciety of Washington last Saturday.* The eye-piece
of a spectroscope is removed, and sensitive substances
are placed in the focal point of the instrument behind an
opaque diaphragm containing a slit. These substances
are put in comraunication with the ear by means of a
hearing tube, and thus the instrument is converted into a
veritable “spectrophone ” like that shown in Fig. 13.}

roc. of Phil. Soc. of Washington, Apnl 16, 1881,
tSee page 230 for illustrations,
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Suppose we smoke the interior of our spectrophonic
receiver, and fill the cavity with peroxide of nitrogen gas.
We have then a combination that gives us good sounds
in all parts of the spectrum (visible and invisible), except
the ultra-violet. Now, pass a rapidly-interrupted beam of
light through some substance whose absorption spectrum
is to be investigated, and bands of sound and silence are
observed upon exploring the spectrum, the silent posi-
tions corresponding to the absorption bands. Of course,
the ear cannot for one moment compete with the eye in
the examination of the visible part of the spectrum; but
in the invisible part beyond the red, where the eye is use-
less, the ear is invaluable. In working in this region of
the spectrum, lamp-black alone may be used in the spec-
trophonic receiver. Indeed, the sounds produced by this
substance in the ultra-red are so well marked as to con-
stitute our instrument a most reliable and convenient sub-
stitute for the thermo-pile. A few experiments that have
been made may be interesting.

(1.) The interrupted beam was filtered through a sat-
urated solution of alum.

Result: The range of audibility in the ultra-red was
slightly reduced by the absorption of a narrow band of
the rays of lowest refrangibility. The sounds in the visi-
ble part of the spectrum seemed to be unaffected.

(2.) A thin sheet of hard rubber was interposed in the
path of the beam.

Result: Well-marked sounds in every part of the ultra-
red. No sounds in the visible part of the spectrum, ex-
cepting the extreme half of the red.

These experiments reveal the cause of the curious fact
alluded to in my paper read before the American Asso-
ciation last August—that sounds were heard from
selenium when the beam was filtered through both hard
rubber and alum at the same time. (See table of results
in Fig. 14.%)

(3.) A solution of ammonio-sulphate of copper was
tried.

Result: When placed in the path of the beam the
spectrum disappeared, with the exception of the blue and
violet end. To the eye the spectrum was thus reduced
to a single broad band of blue-violet light. To the ear,
however, the spectrum revealed itselt as two bands of
sound with a broad space of silence between. The in-
visible rays transmitted constituted a narrow band just
outside the red.

I think I have said enough to convince you of the value
of this new method of examination, but I do not wish
you to understand that we look upon our results as by
any means complete. It is often more interesting to
observe the first totterings of a child than to watch the
firm tread of a full-grown man, and I feel that our first
footsteps in this new field of science may have more of
interest to you than the fuller results of mature research.
This must be my excuse for having dwelt so long upon
the details of incomplete experiments.

I recognize the fact that the spectrophone must ever
remain a mere adjunct to the spectroscope, but I antici-
pate that it has a wide and independent field of useful-
ness in the investigation of absorption spectra in the
ultra-red.

CONTRIBUTIONS TO COMPARATIVE PSY-
CHOLOGY.

By S. V. CLEVENGER, M. D.

I. INSTINCT AND REASON.

In St. George Mivart’s recent work, “ The Cat,” Chap,
XI treats of the Psychology of that animal. Amidst the
usual ambiguity to be found wherever such subjects are

#See page 250 for illustrations.

treated, Mivart occasionally formulates his views. On
page 369 his words admit of no other interpretation than
an acknowledgement that instinct is nearly, though not
quite pure automatism. The possession of reason by the
cat is at first evasively dealt with, and finally on page
373, flatly denied. Mivart finds fault with Herbert Spen-
cer’s views as to instinct: ‘“According to Mr. Spencer it
is a higher development of reason which it has replaced,
owing to the establishment of a more perfect adjustment
of inner relations to outer relations than exists where
mere reason is concerned.”  That opinion of Spencer’s
is one of the many which deserves to be rescued from the
oblivion his involved style threatens to inflict upon the
mass of his writings. From pure morphological and his-
tological observations I have been led to the conclusions at
which Spencer arrives by a wholly different route.  The
nervous system is a net-work of conducting substance
interrelating the units of the animal body.

In an article by Spitzka (“ Insane Delusions ” page 34,
Fournal Nervous and Mental Disease, January, 1881),
occur the following words : “In fact I should, if asked to
point to the chief factor on which the higher powers of
the human brain depend, lay less stress on the cortical de-
velopment as such, than in the immense preponderance of
the white substance due to the massive associating
tracts.” :

Automaticity created by unvarying persistence of im-
pressions resulting in certain definite movements, whether
occurring through heredity, or during the lifetime of the
individual (as proficiency in piano playing, etc.), has, for
its material substratum, absolute definiteness of associa-
tion of those parts which the nervous system connects;
thus, regarded as a colony, the component individuals of
the organism are brought into thorough automatic rela-
tionship with one another, and to that part of the environ-
ment to which the organism responds instinctively.

On the other hand reason is represented by the discon-
nected, shifting, short and long nerve fibres, as the arcu-
ate of the cerebrum, not as yet assigned to any definite
location. Reason thus is the struggle toward automa-
tism. Instinct is the outcome of the struggle. Broadly
viewing the higher nervous organization of animals there
is a perpetual tendency to the establishment of nerve
routes which would eventuate in handing over perfect
control of every function to the highest nerve system.
Spitzka expresses this (Architecture of the Brain, page
649 J. N. & M. D. Oct. 1879) : “With the development of
these highest projection fibres, the cerebral hemispheres
gradually encroached on the independency of the lower
ganglia, until in its maximal development as found in
man, it resembles a great empire which holds a number
of tributary states in sway under a common powerful
rule. The automatical unity now attained, finds its par-
allel psychical culmination in that more perfect conscious-
ness of the ¢go, which is peculiar to man.” There is
nothing debatable about this tendency on the part of the
nervous system ; the greater relative masses of the longi-
tudinal and transverse associating tracts in the spinal
cords, spinal and cerebro-spinal nerves and brains of all
animals, in. proportion to their reasoning and instinctive
abilities, point to a prevailing law which seexs the reduc-
tion of all animal movements to the simplest mechanical
methods. A corollary from instinct being perfected
reason, would be that the saivation of reason to
the race depended upon the vicissitudes and shifting cir-
cumstances with which we are surrounded, amounting to
rescue from the fate mentioned by Wallace in degrada-
tion through parasitism. DeQuincey calls the human
brain a palimpsest. In old age new tissues of any kind
are formed with difficulty, new routes in the brain strive
in vain for establishment; in senility the nervous tracts
established in youth, and upon which all subsequent as-
sociations are founded, are the last to suffer disintegra-
tion, hence youthful recollections become at this time
more vivid.



