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the age of thirteen, in the year 1804, remaining there eight years, 
and during the chief part of the time bound books. Now it wasin 
those books, in the hours of the week, that I found the beginning 
of my philosophy. There were two that especially helped me,-
the Encyclopedia Britannica, from which1 gained my first notions 
of electricity, and Mrs. Marcet's " Conversations on Chemistry," 
which gave me my foundation in that science. Do not suppose that 
I was a very deep thinker, or was marked a precocious person. I 
was a burly imaginative person, and could believe in the Arabian 
Nights as easily as in the Encyclopedia. But facts were impor-
tant to me and saved me. I could trust a fact and always cvoss-ex- 
amined an assertion. So when I questioned A'lrs. Marcet's book 
by such little experiments as I could find means to perform, and 
found it true to the facts as I could understand them, I felt that I 
had got hold of an anchor in chemical knowledge, and clung fast 
to it. Thence my deep veneration for Mrs. Marcet-first, as one 
u h o  had conferred great personal good pleasure on me;  and then 
as one able to convey the truth and principle of those boundless 
fields of knowledge which concern natural things to the young, 
untaught and inquiring mind. You may imagine my dellght when 
I came to know Mrs. Marcet personally; how often have I cast my 
thoughts backward, delighting to connect the past and the present ; 
how often, when sending her a paperas a thank-offering, I thought 
of my firstinstructress ; and such thoughtswill remain with me:" 

Henry wrcte on the inside of the cover of Gregory's work the 
following words: "This  book, although by no means a profound 
work, has, under Providence, exerted a remarkable influence on my 
life. It accidentally fell into my ha'ds when I was about sixteen 
years old, and was the first book I ever read with attention. It  
opened to me a new world of thought and enjoyment ; invested 
things before almost unnoticed with the highest interest; fixed my 
mind on the study of nature, and caused me to resolve at the tiine 
of reading it that I would immediatflv i eg in  to devote my life to 
the acquisition of knowledge.-J. H. Each of these philoso- 
phers worked xith simple ins!ruments, mostly constructed by his 
own hands, and by mfthcds so dlrect that he appeared to have an 
almost intuitive perception into the workings of nature; and each 
gave great care to the composition of his writings, sending his dis- 
coveries into the world clothed in simple and elegant English. 
Finally each loved science more thaq money, and his Creator more 
than either. There was sympathy between these men ; and Henry 
loved to dwell on the hours that he and Bach sornt in Faraday's 
soc;ety. I shall never forget Henry's account of his visit to King's 
College, Lrndon, where Faraday, Wheatstone, Daniel1 and he 
had met to try and evolve the electric spark from the thermopile. 
Each in turn attempted and failed. Then came Henry's turn. H e  
succeeded, calling in the aid of his discovery of the effect of a long 
interpolar wire wrapped around a piece of soft iron. Faraday be- 
came as wild as a boy, and, jumping up, shouted, " Hurrah for the 
Yankee experiment." And Faraday and Wheatstone reciprocated 
the high estimation in which Henry held them. During a visit to 
England, not long before Wheatstone's death, he told me that 
Faraday and he had, after Henry's classical investigation of the 
induced currents of different orders, written a joint letter to the 
council of the Royal Society, urging that the Copley medal, " that 
laurel wreath of science," should be b~stowed on Henry. On fur- 
ther coilsultation with members of the council it was decided to de- 
fer the honor till it would come with greater iclat, when Henryhad 
continued farther his researches in electricity. Henry's removal to 
Washington interrupted these investigations. Whpatstone prom- 
ised to give me this letter to conley to IIenry as an evidence of the 
high appreciation which Faraday and he had for Henry's genius, 
but Wheatstone's untimely death preven'ed this. Both Faraday 
and he gave much thought to the philosophy of education, and in 
the main their ideas agreed. I may in this connection he excused 
from reading abstracts from a letter from Henry soon after 
he had received the news I had given my son his name. Afrer 
a playful diacusssion of the name Joseph, J o  a r d  Josey, he says- 
what may benews to most of you : " I did not object to Henry as a 
first name;  although I have befn sorry that my grandfather, in 
coming from Scotland to this country, substituted it for Hendrie, a 
much less common, and, therefore, distinctive name." H e  then 
proceeds : " I hope that both his body and mind will be developed 
by proper training and instruction, that he may become an effic-
ient, wise and good man. I say efficient and wise, because these 
two characteristics are not always united in the same person. In-
deed, most of the inefficiency of the world is dne to their separa- 
tion. Wisdom may know what ought to be done, but it requires 
the aid of efficiency to accomplish the desired object. I hope that 
in the education of your son due attention may not only be given 
to the proper development of both these faculties, but also they 
will be cultivated in the order of nature ; that is, doing before 
thinking ; art before science. By inverting this order much injury 
is frequently done to a child, especially in the case of the only son 
of a widowed mother, in which a precocious boy becomes an insig- 
nificant man. On examination in such a case it will generally be 
found that the boy has never been drilled into expertness in the art 
oflanguage, of arithmetic, or of spelling, of attention, persever- 
ance and order; or, in other words, of the habits of an active and 
efficient life." 

Henry was a man of extensive reading, and often surprised his 
friends by the extent and accuracy of his information, and by the 
original manner in which he brought his knowledge before them. 

Not only was he well versed in those subjects in which one might 
naturaily suppose him froficient, but in departments of knowledge 
entirely distinct from t at in which he gained his reputation as an 
original thinker. Although without a musical ear he had a nice 
feeling for the movement of a poem, and was fond of drawing from 
his retentive memory poetic quotations apt t s  the occasion. H e  
was a diligent student of mental philosophy, and also took a lively 
interest in the progress of biological science, especially in follow- 
ing the recent generalization of Darwin ; while the astonishing de- 
velopment of modern research in tracking the history of prehistoric 
man had for hiin a peculiar fascination. Yet with all his learning, 
reputation and influence, Henry was as modest as he was pure. 
One day, on opening Henry's copy of Young's Lectures on Natural 
Philosophy-a book which h e  has studied more than any other 
work of science-I read on the fly-leaf, written in his own hand, 
these words :-

" I n  Nature's infinite book of secrecy
A little I can read."-Sii~kesbenre. 

And did he not read alittle "in Nature's infinite bookof secrecy ?" 
And did he not read that little well ? May we all read our little in 
that book as modestly and as reverently as did Joseph Henry. 

-
THE PHOTOPHONE. 

BY ALEXANDER GRAHAMBELL. 

In bringing before you some discoveries made by Mr. Sumner 
Tainter and myself, which have resulted in the construction of 
apparatus for the production and reproduction of sound by means 
of light, it is necessary to explain the state of knowledge which 
formed the starting point of our experiments. I shall first describe 
the remarkable substance selenium, and the manipulationsdevised 
by various experiments : but the final result of our researches has 
evidenced the class of substances sensitive to light-vibrations, 
until we can propound the fact of such sensitiveness being a gen- 
eral property of all matter. We have found this property in gold, 
silver, platinum, iron, steel, brass, copper, zinc, lead, antimony, 
German silver, Jenkin's metal, Babbitt's metal, ivory, celluloid, 
gutta percha, hard rubber, soft vulcanized rubber, paper, parch- 
ment, wood, mica and silvered glass; and the only substances 
from which we have not obtained results are carbon and thin 
microscopic glass. W e  find that when a vibratory beam of light 
falls upon these substances they emit sounds,-the pitch of which 
depends upon the frequency of the ~ibratory change in the light. 
W e  find farther that, when we control the form or character of the 
light-vibration on selenium, and probably on the other substances, 
we control the quality of the sound and obtain all varieties of ar-
ticulate speech. W e  can thus, without a conducting wire as in 
electric telephony, speak from statiou to station, wherever we can 
project a beam of light. We  have not had opportunity of testing 
the limit to which this photophonic influence can be extended, but 
we have spoken to and from points 213 meters apart ; and there 
seems no reason to doubt that the results will be obtained at what- 
ever distance a beam of light can be flashed from one observatory 
to another. T h e  necessary privacy of our experiments hitherto 
has alone prevented any attempts at determining the extreme 
distance at which this new method of vocal coinmunication will be 
available. I shall now speak of se!enium. 

In  the year 1817 Berzelius and Gottlieb Gahn made an exainina- 
tion of the method of preparing sulphuric acid in use at Grips- 
holm. During the course of this examination they observed in 
the acid a sediment of a partly reddish, partly clear brown color, 
which, under the action of the blow-pipe gave out a peculiar odor, 
like that attr~buted by Klaproth to tellurium. As telluriunl was a 
substance of extreme rarity, Berzelius attempted its production 
from this deposit; bur he was unable, after many exper~ments, to 
obtain further ind~cdtions of its presence. H e  found plentiful signs 
of sulphur mixed \%it11 mercury, copper, zinc, iron, arsenic and 
lead, but no trace of tellurium. It  was not in the nature of Ber- 
zelius to be disheartened by this result. In science every failure 
advances the boundary of knowledge as well as every success, and 
Berzellus felt that, if the characteristic odor that had been observed 
did not proceed from tellurium, it might possibly indicate the pres- 
ence of some substance then unknown to the chemist. Urged on 
by this hope he returned with renewed ardor to his work. H e  col- 
lected a great quantity of the material, and submitted the whole 
mass to various chemical processes. H e  succeeded in separating 
successively the sulphur, the mercury, the copper, the tin and the 
other known substances whose presence had been indicated by his 
tests :-and after all these had been eliminated, therestill remained 
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a residue which proved upon examination to be  what he  had been 
in search of-a new elementary substance. T h e  chemical proper- 
ties of this new element were found to resemble those of trllurium 
in so remarkable a defree that Berzelius gave to the substance the 
name of "Selenium, from the Greek word seZene, the moon-
( "  :ellurium," as is well known being derived from tellns, the earth, 

Although tellurium and selenium are alike in many respects, they 
differ in their electrical properties ; tellurium being a good conduc- 
tor of electricity, and selenium, as Berzelius showed, a non-con-
ductor. Knox discovered, in 1837, that selenium became a conduc- 
tor when fused ; and Hittorff, in 1852, showed that it conducted, at 
ordinary temperatures, when in one of its allotropic forms. When  
selenium is rapidlv cooled from a fused condition, it is a non-con- 
ductor. In  this, 'its vitreous form, it is of a dark-brown color, 
almost black by reflected light, having an  exceedingly brilliant 
surface. In thin films it is transparent, and appears of a beautiful 
ruby red by transmitted light. When  selenium is cooled frr m a 
fused condition with extreme slowness, it presents an  entirely dif-
ferent appearance, being a dull lead color, and having throughout 
a granulated or crystalline structure, and looking like a metal. I n  
this form it is perfectly opaque to light, even in very thin fi,lms, 
This variety of selenium has long been known as " granula;; or 
"crystalline" selenium, or,  as  Regnauit called it. "n~etallic sele-
nium. It was se l~niuln  of this kind that I-Iittorff found to be a 
conductor of electricity at ordinary temperatures. H e  also found 
that its resistance to the passage of an electrical current diminished 
continuously by heating up to the point of fusion, and that the 
resistance suddenly increased in passing from the solid to the 
liquid condition. I t  was early discoverfd that exposure to sunlight 
hastens the change of selenium from one allotropic form to an- 
other; and this observation is significant in the light of recent dis- 
coveries. 

Although selenium hasbeen known for the last sixty years it has 
not je t  been util~zed to any extent in the arts, and it is still consid- 
ered simply as  a chemical curiosity. It is usually supplied in the 
form of cylindrical bars. These bars are sometlmesfound to be  in 
the metallic condition ; but more usually they are in the vitreous or 
non-conducting form. It occurred to Willoughby Smtth that, on 
account of the high resistance of crystalline selenium, it might be 
usefully employed at the shore-end of a submarine cable, in his 
system of testing and signalling during the process of submersion. 
Upon experiment, the selenium was found to have all the resist- 
ance required-some of the bars employed measuring as  much as  
1400 megohms-a resistance equivalent to that which mould be of- 
fered by a telegraph wire long enough to reach from the earth to 
the sun ! But the resistance was found to be extremely variable, 
Experiments were made to ascertain the cause of this variability. 
Mr. May, Mr. W~lloughby Smith's assistant, discovered that the 
resistance was less when the selenium was exposed to light than 
when it was in the dark. 

In  order to be certain that temperature had nothing to do with 
the effect, selenium was placed in a vessel of water, so that the 
light had to pass through from one to two inches of water in order 
to reach the selenium. T h e  approach of a lighted candle was 
found LO be sufficient to cause a marked deflection of the needle of 
the galvanometer connected with the selenium, and the lighting of 
apiece of magnesium wire caused the selenium to measure less 
than half the resistance it did the moment before. 

These results were naturally at first received by scientific men 
\rith some incredulity, but they were verified by Sale, Draper, Moss 
and others. LVhen selenium is exposed to the action of the solar 
spectrum, the maximum effect is produced, according to Sale, just 
outside the red end of the spectrum, in a point nearly co-incident 
with the maximum of the heat r a j s ;  but, according to Adams, the 
maximum effect is produced in the greenish-yello\v or most lumin- 
ous part of the spectrum. Lord Rosse e x p o s ~ d  selenium to the 
action of non-luminous radiations from hot bodies, but could pro- 
duce no effect ; whereas a thermopile under similar circumstances 
gave abundant indications of a current. H e  also cut off the heat- 
lays from luminous bodies by the interposition of liquid solutions, 
such as  alum, between the ieleniuin and the source of light, with- 
out affecting the power of the light to reduce the resistance of the 
selenium ; whereas the interposition of these same substances al- 
most completely neutralize the effectupon the thermopile. Adams 
found that selenium was sensitive to the coldlight of the moon, and 
Werner Sieinens discovered that, in certain extremely sensitive 
varieties of selenium, heat and light produced opposite effects. In 
Siemens's experiments, special arrangements were made for the 
purpose of reducing the resistanceof theselenium employed. Two 
fine platinum wires were coiled together in the shape of a double 
flat spiral in the zig-zag shape, and were laid upon a plate of mica 
so that the discs did not touch one another. A drop of melted 
selenium was then placed upon the platinum-wire arrangement, 
and a second sheet of mica was pressed upon the selenium, s? as  
to cause it to spread out and fill the spaces between the wires, 
Each cell was about the size of a silver dime. T h e  selenium cells 
were then placed ill a paraffine bath, and exposed for some hours 
to a temperature of zro0 C., after which they were allowed to cool 
with extreme slowness. The  results obtained with these cells were 
very extraordinary; in some cases the resistance of the cells, when 
exposed to light, was only one-fifteenth of their resistance in the 
dark. 

Without dwelling farther upon the researches of others, I may say 

~ 

that the chief information concerning the effect of light upon the 
conductivity of selenium will be  found under the names of Wil- 
loughby Smith, Lieurenant Sale, Draper and Moss, Professor W .  
G. Adams, Lord Rosse, Day, Sabini, Dr. Werner Siemens and 
Dr. C. W. Siemens. All observations by these various authors 
had been made by means of galvanometers ; but it occurred to me 
that the telephone, from its extreme sensitiveness to electrical in- 
fluences, might be substituted with advantage. Upon considew- 
tion of the subject, however, I saw that the experiments could not 
be conducted in the ordinary way for the following reason : T h e  
law of audibility of the telephone is precisely analogous to the law 
of electric induction, No effect is produced during the passage of 
a continuous and steady current. I t  is only a t  the moment of change 
from a stronger to a weaker state, or vice versa, that any audible 
effect is produced, and the amount of effect is exactly proportional 
to the amount of va.riation in the current. It was, therefore, evi- 
dent that the telephone could only respond to the effect produced 
in selenium at the moment of change from light to darkness, or 
vice versa; and that it \vould be advisable to intermit the light 
with great rapidity, so as to produce a succession of changes in 
the conductivity of the selen~um, corresponding in frequency to 
musical v~brations within the limits of the sense of hearing. For 
I had often noticed that currents of electricity, so feeble as to pro- 
duce scarcely any audible effects from a telephone when the circuit 
was s~mply  opened or closed, caused very perceptible musical 
sounds when the circuit was rapidly interrupted, and that the 
higher the pitch of sound the more audible was the effect. I was 
much struck by the idea of producing sound by the action of light 
in this way. Upon farther consideration it appeared to me that 
all the audible effects obtained from varieties of electricity could 
also be produced by variations of light acting upon selen~um. I 
saw that the effect could be produced a t  the extreme distance a t  
which selenium would respond to the action of a luminous body, 
but that this distance could be indefin~tely increased by the use of 
a parallel beam of light, so that we could telephone from one place 
to another without the necessity of a conducting wire between the 
transmitter and receiver. It was evidently necessary, in order to 
reduce this idea to practice, to devise an apparatus to be operated 
by the voice of a speaker, by which variations could be  produced 
in a parallel beam of light, corresponding to the variations in  the 
air produced by the voice. 

I proposed to pass light through a iarge  number of small orifices, 
which might be of any convenient shape, but were preferably in 
the form of slits. Two  similarly perforated plates were to be em- 
ployed. One \%as to be fixed and the other attached to the centre 
of a d~aph tagm actuated by the voice, so that the vibration of the 
diaphragm would cause the movable plate to slide to and fro over 
the surface of the fixed plate, thus alternately enlarging and con- 
tracting the free orifices for the passage of light. In t h ~ s  way the 
voice of a speaker could control the amount ot light passed through 
the perforated plates without completely obstructing its passage. 
This  apparatus was to be  placed in the path of a parallel beam of 
light, and the undulatory beam emerging froin the apparatus 
could be received at some distant place upon a lens, or other ap- 
paratus, by means of which it could be condensed upon a sensi-
tive piece of selenium placed in a local circuit with a telephone and 
galvanic battery. T h e  variations in the light produced by the 
voice of the speaker should cause corresponding variations in the 
electrical resistance of the selenium employed : and the telephone 
in circuit with it should reproduce audibly the tones and articula- 
tions ot the speaker's voice. I obtained some selenium for the 
purpose of prcducing the apparatus shown ; but found that its re- 
sistance was almost infinitely greater than that of any telephone 
that had been constructed, and I was unable to obtain any audible 
effects by the action of light. I believed, however, that the ob- 
stacle could be  overcome by devising mechanical arrangements 
for reducing the resistance of the selenium, and by constructing 
special telephones for the purpose. I felt so much confidence in 
this that, in a lecture delivered before the Royal Institute of Great 
Britain, upon the 17th of May, 1878, I announced the possibility 
of hearing a shadow by interrupting the action of light upon sel- 
enium. A few days afterwards my ideas upon this subject re-
ceived a fresh impetus by the announcement made by Mr. Will- 
oughby Smith betore the Society of Telegraph Engineers that he 
had heard the action ot a ray of light falling upon a bar of crys- 
talline selenium, by listening to a telephone in circuit with it. 

I t  is not unlikely that the publicity given to the speaking tele- 
phone dcring the  last few years may have suggested to many 
minds in different parts of the world somewhat sim~liar ideas to my 

' own. 
Although the idea of producing and reproducing sound by the 

action of light, as described above, was an  entirely original and 
independent conception of my own, I recognize the fact that the 
knowledge necessary for its conception has been disseminated 
throughout the civilized world, and that the idea may therefore 
have occurred to many other minds. T h e  f1~7tdamenfal i&a, olz 
which rests thepossi6iZity o,fp?oduci?za$ speech 6,v the action o f l i ~ h t ,  
i s  the conception o f  what  may 6e termed a n  undz~Zatory beam of 
l ight  iit conl?-adistiiaction to n ?nerely internzittent one. By an undu- 

' 	 latory beam of light, I mean a beam that shines continuouslyupon 
the selenium receiver, but the intensity of which upon that receiver 
is subject to rapid changes, corresponding to the changes in the 
vibratory movement ~f a particle of air during the transmission o 
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a sound of definite quality through the atmosphere. T h e  curve 
that would graphically represent the changes of light would be 
similar in shape to that representing the movement of the air. I 
do not knoy,whether this concept~on had been cleariy realized by 
" J. F. W.,  of Kew, or by Mr. Sargent, of Philadelphia ; but to 
Mr. David Brown, of London, is undoubtedly due the honor of 
having distinctly and independently formulated the conception, 
and of having devised apparatus-though of a crude nature-for 
carrying it into execution. It is greatly due to the genius and per- 
severance of my friend, Mr. Sumnar Tainter, of Watertown, 
bIass., that the problem of producing and reproducing sound by 
the agency of light has a t  last been successfully solved. 

T h e  first point to which we devoted our attention was the reduc- 
tion of the resistance of crystalline selenium within manageable 
limits. T h e  resistance of selenium cells employed by former ex- 
perimenters was measured in millions of ohms, and we do not 
know of any record of a selenium cell measuring less than 250,000 
ohms in the dark. We have succeeded in producin,f sensitive 
selenium cells lsneasuringo?zly 300 ohms in the dark, and 155 ohms in 
tile Light. All former experimenters seemed to have used platinum 
for the conducting part of their selenium cells, excepting Werner 
Siemens, who found that iron and copper might be  employed. 
W e  have also discovered that brass, although chemically acted 
upon by selenium, forms an excellent and convenient material; 
indeed, we are inclined to believe that the chemical action be- 
t6een the brass and selenium has contributed to the low resistance 
of our cells by fo rm~ng  an in t~mate  bond of union between the 
selenium and brass. W e  have observed that melted selenium be- 
haves to the other substances as  water to a greasy surface, and we 
are inclined to think that when selenium is used in connection 
wlth metals not chemically acted upon by it, the points of contact 
between selenium and the metal offer a considerable amount of 
resistance to the passage of a galvanic current. By using brass 
we have been enabled to construct a large number of selenium 
celis of different forms. T h e  mode of applying the selenium is as  
follows : T h e  cell is heated, and, when hot enough, a stick of 
selenium is rubbed over the surface. In order to acquire con- 
ductivity and sensitiveness, the selenium must next undergo a 
process of annealing. 

W e  slmply heat the selenium over a gas stove and observe its 
appearance. When  the selenium attains a certain temperature, 
the beautiful reflecting surface becomes dimmed. A cloudiness 
gradually extends over it, somewhat like the film of moisture pro- 
duced by breathing upon a mirror. This  appearance gradually 
increases, and the whole surface is soon seen to be in the metallic, 
granular or crystalline condition. T h e  cell may then be  taken off 
the stove, and cooled in any suitable way. When the heating 
process is carried too far, the crystalline selenium is seen to melt. 
Our best results have been obtained by heating the selenium 
until it crystallzes, and continuing the heating until signs of melt- 
ing appear, when the gas is immediately put out. ' l ' l~e por,ions 
that had melted instaritly re-crystallize, and the selenium is found 
upon cooling to be a conductor, and to be sensitive to light. T h e  
whole operation occupies only a few minutes. This  method has not 
only the advantage of being expeditious, but it proves that many 
ot the accepted theories on this subject are fallac~ous. Our  new 
method shows that fusion is unnecessary, that conductivity and 
sensitiveness can b e p r ~ d u c e d  without long heating and slow cool- 
i ng ;  and that crystalization takes place during the heating pro- 
cess. W e  have found that on removing the source of heat Imine- 
diately on the appearance of the cloudiness, distinct and separate 
crystals can be observed under the microscope, which appear like 
leaden snow-flakes on a ground of ruby red. Upon removing the 
heat, when crystalizat~on is further advanced, we perceive under 
the microscope masses of these crystals arranged like basaltic 
columns standing detached from one another, and at a still higher 
point ofheating the distinct columns are no longer traceab.e, but 
the whole mass resembles metallic pudding-stone, with here and 
there a separate snow-flake, like a fossil, on the surface. Selenlum 
crystals formed during slow cooling after fusion present an en- 
tirely different appearance, showing distinct facets. 

We have d~v i sed  about fifty forms of appara.us for varying a 
beam of light in the manner requ~red,  but only a few typical vari- 
eties need be  shoun. The  sourceof light may be controlled, or a 
steady beam may be modified at any puint in its path. 'I'he beam 
may be controlled in many ways. For instance, it may be  polar- 
ized, and then affected by ele~trical or magnetic influences in the 
manntr d~scovered by Faraday and Dr. Ker. The  beam of polar- 
ized light, instead of being passed through a liquid, may be re-
fected from the polished pole of an  :lrctro-magnet. Another 
method of affecting a beam ot light is to pass ~t through a lens of 
vaiiable focus. I observe that a lens of this kind has been invent- 
ed in Fratice by Dr. Cusco, and is fully describedin a recent paper 
in "La  Xature; but Mr. 'I'a~nter and I have used such a lens in 
our experiments for months past. The  best and simplest form of 
apparatus for producing the effect remains to be  described. This 
cbnaists ol a plain mirror of flexible material-such as  silvered 
mica or microscopic glass. Against the back of this mirror the 
speaker's voice is airected. Tne  light reflectedfrom this mirror is 
thus thrown intov~bration corresponding to thoseof the diaphragm 
itbelf. 

I n  arranging the apparatus for the purpose of reproducing sound 
at a distance, any powerful source of light may be used, but we 

-
have experimented chiefly with sunlight. For  this purpose a large 
beam is concentrated by means of a lens upon the diaphragm mir- 
ror, and, after reflection, is again rendered parallel by means of 
another lens. T h e  beam is received a t  a distant station upon a par- 
abolic reflector, in the focus of which is placed a sensitlve selenium 
cell, connected in a local circuit with a battery and telephone. 
A large number of trials of this apparatus have been made with 
the transmitting and receiving instruments so far apart that sounds 
could not be heard directly through the air. In illustration, I 
shall describe one of the most recent of these experiments. Mr. 
Tainter operated the transmitting instrument, which was placed 
on the top of the Franklin schoolhouse in Washington, and the 
sensitive receiver was arranged in one of the windows of my labora- 
tory, 1325L street, at a distance of 213 metres. Upon placing the 
telephone to my ear I heard distinctly from the illuminated re-
ceiver the words : "Mr. Bell, if you hear what I say, come to the 
window and wave your hat." In laboratory experiments the 
transmitting and receiving instruments are necessarily w i th~n  ear-
shot of one another, and we have therefore been accustomed to 
pooling the electric circuit connected with the selenium receiver, 
so as  to place the telephones in another room. By such experi- 
ments we have found that articulate speech can be reproduced by 
the oxy-hydrogen light, and even by the light of a kerosene lamp. 
The  loudest effects obtained from light are produced by rapidly in- 
terruptlng the beam by the perforated disk. T h e  great advantage of 
this form of apparatus for experimental work is the noiselessness 
of its rotation, admitting tbeclose approach of the receiverwithout 
interfering with the audibility of the effect heard lrom the latter; 
for it will be understood that musical tones are emitted from the  
receiver when no sound is made at the transmitter. A silent mo- 
tion thus produces a sound. In  this way musical tones have been 
heard even from the light of a candle. When dlstant effects are 
soukht another apparatus is used. By placing an  opaque screen 
near the rotating dlsk the beam can be entirely cut off by a slight 
motion of the hand, and musical s~gnals ,  like the dots and dashes 
of the Morse telegraph code, can thus be produced at the distant 
receiving station. 

W e  have made experiments, with the object of ascertaining the 
nature of the rays that affect selenium. For this purpose we have 
placed in the path of an intermittent beam various absorbing sub- 
stances. Professor Cross has  been kind enough to give me his as- 
sistance in conducting these experiments. lVhen a solution of 
alum, or bisulphide of carbon, is employed the loudness of 
the sound produced by the intermittent beam is very slightly 
diminished ; but a solution of iodine in bisulphide of carbon 
cuts off most, but not all, of the audible effect. Even an ap- 
parently opaque sheet of hard rubber does not entirely do  this. 
When the sheet of hard rubber was held near the disk interrupter 
the rotation of the disk interrupted what was then an invis~ble 
beam, which passed over a space of about twelve feet before it 
reached the lens which finally concentrated it upon the selenium 
cell. A faint but perfectly pirceptible musical tone was heard from 
the telephone connected wlth the selenium. This  could be inter- 
rupted a t  will by placing the hand in the path of the invisible 
beam. I t  would be  premature, without further experiments, to 
speculate too much concerning the nature of these invisible rays ; 
but it is difficult to believe that they can be bent rays, as  the effect 
is produced rhrough two sheets of hard rubber containing between 
them a saturated solution of alum. Although effects are produced 
as  above shown by forms of radiant energy which are invisible, 
we have named the apparatus for the production and reproduction 
of sound in this way " The Phofophone," because an ordinary beam 
of limht contains the rays which are operative. 

1t7s a well-known fact that the molecular disturbance produced 
in a mass of iron by the magnetizing influence of an intermittent 
electrical current can be observed as  sound by placlng the ear In 
close contact w ~ t h  the iron. It occurred to us that the molecular 
dlsturbance produced in crystalline selenium by the actlon of an 
intermittent beam of light should be audible in a similar manner 
uithout the a ~ d  of a telephone or battery. Many experiments 
were made to verify this theory without definite results. ?'he 
anomalous behavior of the hard rubber screen suggested the 
thought of listtning to it also. This experirnent was tried with 
extraordinary success. I held the sheet in close contact with my 
ear, while a beam of intermittent light was focussed upon it by a 
lens. A distinct musical note was immediately heard. W e  found 
the effect intenstied by arranging the sheet of hard rttbber as a 
diaphragm, and listening through a hearing-tube. W e  then tried 
crystalline selenium in the form of a thin disk, and obtained a 
similar but less intense effect. T h e  other substances which I 
enumerated at the beg~nning of my address were now successively 
tried in the form of thln disks, and sounds were obtained from all 
but carbon and thin glass. W e  found hard rubber to produce 
a louder sound than any other substance we tried, excepting an- 
timony, and paper and mica to produce the weakest sound. On 
the whoLe, we feel warranted in nrznou?zcing as our conclusion that 
soz~udscan beprodz~ced 6y the action 01a varia6Le Libffhtfrom su6stanccs 
of alL kinds, when in theform of thz?t dzaphraA~~zs. M'e have heard 
from interrupred sunlight very perceptible musical tunes through 
tubes of ordinary vulcanized rubber, of brass and of wood. These 
were all the materials at hand in tubl~lar form, and me have had 
no opportunity since of extending the observations to other sub-
stances. 



I 3 4  SCIENCE. 

I 

I arn extreniely glad tlrat I have the opportunity of making the 
first publication of tliese researclies before a sc~entific society for 
it is irom scieiltific rncn that my work of the last six years ha; re- 
ceived its earliest ant1 kinde:t recognition. I gratefully remember 
the encouragrnicnt which I received froin thelate Professor Ilenry 
at a time when the speaking telephone existed only in theory. 
Indeed, it is greatly due to the stimulus of his apprectation that 
the telephone became an acconiplished fact. I cannot state too 
highly also the advantage I rcceiv~d in preliminary experiments 
on sound vibrntlons in t h ~ s  building from Proftssor Cross, and 
near here from ~ n y  valued friend Dr. Clarence J. Blake. When 
the public were incledulous of [he possibility of electr~cal speech, 
tile ~~~~i~~~ 2icademp of and sciences,the pll,losophical 
Society of Wasl~ington and tlie Essex Institute of balem recog- 
nized the reality of the resulls and honored me by their congra(u- 
lations. The pulilic interest, I think, was first awakened by tlie 
jud'itnent of the very em~neiit scientific men before whom the tele- 
phone was eshlbitctl in I ' h~ lnd t l~~ l~ ia ,  Sirand by the address of 
Willialn 'rllomson \:e(ol.c (lie )il.itlsh ,\ssociniion for the Advance- 
ment of Sciencc. 

At a later peliod i i h c n  ~clcki.,lpi~ei.<r \ , . n  l)m(ric.il considered 
the telephone n5 a ;nere scientific to", I-'l.oicssor John Pierce, Pro- 

mains under  control of the sympathetic system. T h e  so-
ganglia of Vermes, are hon'ologous with 

the spinal segments  which afterwards become coalesced in 
the vertebrata. ~ h is the; ~ system to b e  developed 
and A?i~phioxztshas not acquired the third or cerebral system 
proper. ~ ~ 2 ; . i ~  third system series may beilh,inticn, 
Seen developed dorsally upon the second or spinal cord. 
This  third system is the intervertebral ganglia. ~~~i~~~of 
seveml of the highel. itzte~vcvtcb~,nZ ,ra?z&n $i'odztres the cere- 
deZZzrjir, and accounts for the co-ordinating function of that or- 
8""' The lobes, the quadrigeni inat  
mammillary eminence, Gasserian ganglion, olfactory lobe, 
'livary etc" O rare l l ~ ~ e r t r o ~ l l i e d  (as the 
case may be) intervertebral ganglia. Projection systems 
and commissures'  as the callosal' make their  appearance in  
exact accordance with lams operative in the lower series. fessor ~ l i11:. ]:lake, Dr. charming: Mr. c lnrke and  M ~ ., ~ o ~ ~ s ,  

of Providence, R. I . ,  devoted tllemselvts to a series of experiments 
for the purpose of assisting me In making the telephone of practi- 
cal.utiliry ; and they cornmuviratcd to me, from time to time, the 
result of their expellments with a kindness and generosity I con 
never forget. It is not only pleasant to remember thtse things 
and to speak of them, but it is a duty to repeat them, as they give 
a practical reputation to the often r,epeated stories of the blindness 
of scientific men to unaccredited novelties and of their jealousy of 
unknown ~nventors who dare to en t e r '  tile ,-hXmed circle of , 
science. I trust that tlie scientific favor \vhich was so readily ac- 
corded to the telephone may be extended by you to this new 
claimant-the photophone. 

...- -. --..----.+ 

PLAN 0 .F  TIIE CEI<XGRO-SPINAL NERVOUS 

SYSTEjbI. 


BY S .  V. CLEVENCER,hI. D .  

(Abstract from the paper (B 41)read before the American Asso- 
ciation for Advancement of Science, Boston, August 28111, 1880). 

T h e  great French and  German cerebral anatomists L u y s  
and  Meynert  had endeavored to declare the architecture of 
the human brain from a mul t i tude  of microscopic sections, 
b u t  so intricate were the relationship of fibres, nerve-cells, 
arteries, veins, connective tissue, etc., that it was at  once seen 
to  be necessary to  s tudy lower animal life anatomically and 
physiologically before the  plan be determined. LL,ys 
did nothing in this direction, while Meynert  went a s  far a s  
the brains of small mammals. Spitzka has  carried the 
scrutiny still firther. T h e  scheme of Meynert started with 
the upper  part af the cerebrum as  tlie seat of consciousness 
and, working downward, his " projection systems" ended  
in the periphery. 

T h e  nerve fibres colnposing the cerebrwn and  cerebellum 
were mainly considered. T h e  presence of a n ~ u l t i t u d e  of 
nerve-cells and  ganglia dispersed t l~ roughout  this region 
was unaccounted for, and  a s  tliese were of undoubted im- / 
portance and all well known to arintomists, it w a s  seen by 
pathologists that these schemes were insufficient. 

N o  scheme can be correct which ignores any part of the 
nervous organization, or  e s c l ~ i d c s  any  form of life as  
anomalous. Tlie conc l l~s ion  1 have reached, i s  that the 
sympathetic system of vertebrata col lcsponds to the general 
nervous distrtbution of invertebrata above protozoa, presid- 

~ h ,three systems develop gradually, and  it b e  said, 
commissural1Y One upon  the other, and th i s  scheme appears 
to account satisfactorily for physiological a n d  pathological 
phenomena. 

I n  adddition to  i t s  publication in the proceedings of the 

Association, the paper will be produced in full, in the dm-
e?icn?z ~ o z r ~ . ~ m l ' ~ ~ f N ~ ~ i ~ u o z ~ s  nrrd Jfe?ztirl Disense, for October, 
1 8 ~ o .  

ANCIENT A G R I C U L T U R A L  IMPLEMENTS 

O F  STONE.  


BY HON.WILLIA~I  O F  OTTEI~VILLE;M c A D . ~ ~ ~ ,  ILLS. 

I n  the rich, alluvial soil about the mouths of the hIissouri 
and I l l inois  rivers are found many Of  these ancient  

used by the Mound-bui1ders in  their rude 
agriculture, hlr .  h lcAdams  exhibited a fine collection of 
these implements. 

They  are all chipped from flint, or  a hard silicious lime- 
Stone, and  solne of  them beautifully made. Some are 
nearly a foot in length and  six inches wide at the broader 
end. 

Some are made  to be  fastened to handles, l ike our  mod-
ern spades. Others  resemble our  modern hoes, having a 
deep, lateral notch, to facilitate the fastening to a handle. 
Some of these s tone hoes are  m a d e  with such ingenuity a s  
to have been effective implements. 

Rlr, McXdams  also exhibited s tone implements  which 
evidently were made to fasten to some kind of s tock to be  
pulled through the ground l ike a plow. A s  these aacient  
people had no  domest ic  animals for this purpose, i t  is 
probable that manual force was used to perform the work. 
T h e  broad cut t ing edge of these s tone implements was 
highly polished from long use by the attrition of the soil. 

Mr. McAdams had found these implements  of agricul-
ture  i n  the ancient graves with  pottery, some of 
which contained carbonized corn. Cobs in a carbonized 
stare were found ,  a n d  the speaker  is of the o ~ i n i o n  that 
these ancient  people l ived  principally On corn'and vege-
tables, which they cu l t lva~ed  to a considerable extent. 

T h e  paper  elicited much interest in the association. 

A very jnteresting rep0rt addressed to the of 
public health in France by &I. Wurz,  describes a process 
for retaining the green coloring of vegetables is gen-
erally destroyed by boiling. I t  consists in the use of a n  

ing over  the nutritive functions. T h e  vaso-niotor has  been I excess of chiorphi]  obtaingd from spinach ( s ~ i n a c i a  ole- 

differentiated froln dis tr ibut ion,  whose racea) which ho lds  in its cells a large amount'of coloring 
matter. A watery solution of  this rendered alkal ine by 

office i s  to produce theverrnic~i lar  motions of the intestines. soda, is added to the boiling vegetable which i s  slightly 
Differentiation proceeds dorsally because that portion of acidulated with hydrochloric acid. T h e  chemical result i s  
the animal which is in most  conslant contact with the common salt and  a deposit of coloring matter  on the or- 

=hanging molecular motion of the envil-onnlent would be ganic tissue. There ]low be ally possible tempts-
tion for the unwarrantable dyeing of preserved vegetables 

precisely the portion to give origin to tlie l l igl~er  series of by salts of copper or the eIllployment of adulterants for 
nerve clivisio~is. 'The cr~Jodi . r ln ,  after the gastrula, stage re- obtaining that vivid coloring s o  attractive to the epicure. 


