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the recent book " H o w  to see with the Microscope," T H E  PRODUCTION OF SOUND BY RADIANT 
a work ~vllichis a valuable addition to  Microscopical ENERGY.:" 

BELL.Literature ; both wrote articles against " The A&:?- BY ALEXANDERG R A I I A ~ Z  

of that In a paper read before the Anlei-ican Hsscciation foriiltripl?tfl~on ~i~~~~~$~,'. article I the Advancement of Science, last August, I described 
we gave very strong illustrations of the " mi~l-@?*esen-certaill exl>erilllelltsn1ade by SumIier Tainter and1 
tntioiLs referred to, but the paper ~ v a swrittell sollie I myself ~vhichhad resulted in the construction of a "Pho-

I to$ho/zc " or apparatus for the procluction of sound Ily 
years in advance of the present developments, wllich light jndit will to-day to the 

111~1~11 photo-
resolutioll of tile "Podura" scale Jlras tllen quoted as phonic 11henomena slnce the date of this communica-
have made the case stronger. T h e  disputed i progress we have made in the investigation of 

I t1o11. 
an instance of an objective giving two distinct resolu- ! In  Bostoll paper tile tliscolery ,vas aIIIlounced that  
tions of an object, one o f ~ ~ l l i c hwas clearly an errone- tlii11 tlislis of very many different substances e/iziittd 

that ' f"L~2dJ\vhe[l exposed to the action of a rapidly-ioter-oils orre, but ii.llo ii.ollld have thell 1 ruptetl beam of sunl~glit. 'The great variety of material 
which We hal'e for Sothe spherules 011 "A i f g ~ k ~ t l ~ ~ L "  used in  these experiments let[ me  to believe that sonor-

many years religiously regarded as tile true ultinlate ousness under such circu~iistances~vouldbe found to be 

resolution of that diatom, ~vooldprove to be an illa- a g;;~:: $	 zaudible eiiec,sfrom ~ 
sion? While to make tlle case nlore complicated, I'ro- masses of the various substances rvhicli became sonorous 

fessor E. Abbe states tllat L' it is not lily olliliioll in the condition of thin dlaphragms, but this failure was 


expla~ned upon the supposition that the molecular

that the A?lgz~Znt/tlizvalve is conlposed of spherules, disturballce by the was chiefly a surface 
yet even if sucll should exist, they would not have a action, and that untler the circumstances of the experi-

different effect." meiits the vibration hat1 to be transmitted through the 


11 mass of the sul~staiicein order to affect the ear. It was

Thus " The Misilr?i.~$i.etntio~zof tde Jfi~l-o~cope"thereforesLl,lposed i f  we could lead to the ear a i r  


under certain conditions, is no myth, but an admitted that was tlirectly in contact with the illuminated surface, 

Tve Tvelcollle tllell file iml~rorenlelltr ivlli,-Jl illall ( IOu"er s0urriIs migllt be obtainecl. alld solid masses be 


a t  least partialb' rellled~ l'lie lliglr loulld to be as sonorous as thin tliapliragms. The first

1 :xpe,inlents lrlade to verify this llYpotllesii pointed to-


objectives of the present, altllough far fl.om perfect, nal-ds success. A beam of sunligli: was focussetl into 

give great llope for the future, alld rve trace ill One of an open tube, the ear Ixing placed at the 


other end. Upon interrupting the beam, a clear, musical
Professor Smith's work, to  wllich reference has beell tone ~ v a sheard, I,itch of ,+.,,hichdepended upon 

made, the advent of a higher intelligence among frequency of the interruption of the light and loutilitss 

hIicroscol~ical~\~orkers.Tllis new spirit of progress the  conllloslllg tube.  


At this stage our experiments were interruptetl, as cir-

is ~velldescribed by Dr. Beale wlle11 he says, the cumsta,~es cz.lled llle to Europe. 

~icroscoljist ,  like tile Astronomer, is ever longitlg , WlliIe in I'aris a new form of the exl~erimentoccurled 


to get a little be).ond the point at iullicll lie to my mind, which woultl not only enable us to investi-

gate the sounds producer1 maiies, \vouldalso per-


already arrived. Eacll new fact gained by research mit us to test the niore general l~ropositionthat sofznrozw-

seems but to illdicate the existence of lilore and the z?~ftz~cni.e I i ~ h t ,  $7-up-
?z'SJ,f ~ ? d c ' ~  ofip~t~mrittciit 

cA?'fyC O I I L N L O ? ~fo nll nznffcr. 
more important things beyolld. Limit is reached ~h~ substance t o  be tested \\.as to be in  in-
and tlien snnilounted, but S O O ~a new linlit seems to terior of a transparellt vessel, matie of some material 
rise from the lllists in tlle distance towards nllic]l the / which glass) is transparent to ijght, but l)ractically 

opaque to sound. 

worker is inlpelled by new hoi~esand desires. I t  is Under such circumstances the light coulC~
gel in,  

this never-halting progress wliich distinguislles scien- the sountl l~rocluced by the vibration of the substance 


tific from every otller kind of inquiry, n l ~ dparticularly could not get out. The autlible effects could be stutlied 
placillg tlie in lvith the intel-ior of 


nlicroscopical investigation, for it call never be corn- the vessel by rneans of n healing tulle. 

llleted. I t  deals with the illinlitable. T h e  boundaries preliminary experiments were made in Paris to 

test this idea, ant1 tlle ~esul tswere so promising that they
of to-day are found to l1nl.e vanished to-morrow, and com,ullicatet~ to  the  Academy the  I I t h  

the eyes and understandillg begin to  penetrate into I of October, 1380,in the note read for me by Mr. Antoine 

regions wllicll but a sllort tillle before llad beell con- Breguet.1. Shortly afterwards 1 wrote to hIr. Tainter, 


suggesting that he should carry on tlie investigation in 

sidered far beyond the range of possible ill\restigatioll. America, as circumstallces prevented me frolll doing so 


myself in Europe. As these experiments seem to have-	 formetl the common starting point for a series of inde-
pendent researches of the most important character, 

CONDUCTIBILITYGLASS GAL\-ANIC carried simultaneously, in by SIr. Tainter,OF FOR THE CURRENT. on America 

-According to A. Sewarz, if two platitlum wires are inter-

posed in the same circuit, the one passing through the free '"-4Paper read before the Kational rlcaden~)-of Arts and sciences,  


air while the other lies between two glass plates, or is 1 "1"" r r .  188r. 

melted into a thick capillary tube, at a certain tempe1,ature II'roceedings of American .Ssiociation for the .Advmicement of Science, 

of the tube the former glows brilliantly, while the second n 8 e , iO$':;;;llyz[ ~ 0 1 .Journal

, P
of 

30:
the

;
zy:;~;~
remains dark If the glass becomes heated the former 1 	 xnci ~lect l -(ciar~s,  404 ; >lnnalesSocietyof Telegraph E n g i ~ ~ e e r s  "01, i<,'p, 
grows dark, whence the author concludes that the glass has I de C h ~ m i eet de Physique, vol. sai. 

become more conductive. 1 C O ~ I Z ~ ~ C E  VOI, acl, p. gg j . 
R ~ P z ~ ? < . F ,  
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and in Europe by M,hIercatlier;i. Prof. Tyndall,:: W. E. Upon sinoking tlie interior of the conical cavity shown 
Riintgen,$ and 5i7. H. Preece,ll I may be permitted to in Fig. I ,  and then exposing it to the intermittent beam, 
quote from my letter to Mr. Tainter tile passage describ- wit11 the glass lid in position as  sho~vn,  the effect was 
ing the experiments referred to : perfectly startling. T h e  sound was so loud as to be  

METROPOLITANHOTEL,RLE C~\.\~lioh, actually painful to an ear placed closely against the end I'.ifi15, 
of the hearing-tube. 

DEARITR.T.\IXTER: 
,x4u, 2 ,  18So, 

T h e  sounds, however, were sensibly louder when \\re 
,. :.. %. I hare devised a llletbocl of llrodllcing b y  placed some snlolted wire gauze in the receiver, a s  

action of a n  in te rmi~tenr  beam of 11ght from substanc-s that can- illustrated in the tlrawing, Fig. I .::: 
not be olitained in  the shape  of tlrin dia111ir:~gms or in tile tubular When the Ilea111 Ivas t!lro\v11 illto a resonator, the in- 
lornl;  indeed, the n le t l~od  is specia ' l r  adapted to tei t ing the men- 
er.11ity of the pllenonlrnoil r e  l l a t e  dijcoiered,  a s  it can  be  a 8 1 ~ t -  
ed  to solids, liquids, a n d  gases. ~ ~ l ~ ~ l ~ ~ l I~ ~ ~ l ~e i ~ ~ ~ ~ 

Place the substance to be  esperlrnrnted with in a q l a s j  test-tube, T h e  interrupting disk was set rotating at a high rate of 
connect a ruI3b.r tube \vith the moxth of th:: t ?d- tube  p l a c ~ n g  the speed, and \\.as then allowed to come gradually to rest, 
other e n d  of the pipe to the ear .  Tlien focus tlie inter~ii l t tent  X~ feeble lllusical toile was at  first heard,
beam ~111311 the s1111s:ance ill the tube.  I have tried a large num- 
ber of substances in this IF-ay \vlth success, a l r h o ~ ~ g h  wllich gradually in pitch as rate ofgrea t  it IS 
estrelliely diilicult to qet n g l ~ m p s e  of the sun here,  a n d  tvhen it grew less. T h e  loudness of the sound produced varied 
does shine the inrensitv of the light is not  to b e  colnpared with it1 the 11?ost interesting manner. Minor re-inforcements 
that to be  obtained in IVashington.  I got splendid effects from IT,ere constantly \\,hich lIecalne more more
crysfals  ~f 111cI110111ate of potasll, cr!'sials of sulpll.ite of CO[IPCI. 
a n d  from tol,acco \moi;e. A wllole placPd ill  the test-:ubi 1n;trkecl as the true pitch of the resonator was neared, 
produced a very loud sound.  I could not hear an\!hing from When at  last the frequency of interruption corresponded 
p l ~ i nn a t e r ,  bu t  w h e ~  tlie water was discolol.ed with 'ink n f e e t ~ l e  to the frequency of the funtla~ne~ltal  ot the resonator, the 
sound was heard.  I would sugqest  tha t  you might repearJhese Soulld producec] \\,as so loud that it might llave beell 
esperilnents a n d  extend the results," k c . ,  S c .  heard by an audience of hundreds of people. 

Upon ~ n y  return t3 1Vashington in the early part of T h e  effects producetl 11y lamp-11laclt seemed to  me to 
Januar\-,I /. Mr. Tainter comlilunicated to me the esperi- be  very estraort1iilar~-, especially as  T had a distinct 
ments he hat1 made in my laboratory during my absence recollection of experiments made in the Summer of 1380 
in Europe. with smoltcd d~aphragms,  in which no such re-enforce- 

H e  had commenced by examini~lg the sonorous proper- ment lvas noticed. 
ties of a vast nunlber of substances enclosed in test-tubes Upon esami~iing the records of our past photophonic 
in a simple empirical search for loud effects. H e  was experiments we  found iu vol, vii, p. 57, the follo~~ring 
thus led gradually to the discovery that cotton-\vool, note:  
~vorstetl, silk, ant1 fibrous materials generally, produced " Experimetit V.-&Iica diaphragm covered with lamp- 
much louder sounds than hard rigid I~odies like crystals, black 011 side exposed to light. 
or tliaphragms such a s  we had hitherto usccl. " Result:  distmct sound about s a ~ n e  as  without lamp- 

In order to study the effects under better circum- blac1t.-A. 7t~@G. 6. rSth,  1880. 
stances he enclosed his materials in a conical cavity in a "Verified the above, but thinl; it somen-hat louder 

piece of brass closed by a flat piate of glass. X brass than tvllen used without lamp-black.-S. T., 3;.tly r8fii, 

tube leading into the cavity served for connection with ISSO. 

the heat-ing-tube. When this conical cxvity was stuffed Upon repeating this old experiment we arrived at  tile 

with worstetl or other fibrous materials the s ~ u n t l s  pro- same result as  that noted. Little if any augnlentatio~l 

tlucetl were much louder than when a test-tube \\-as em- of sound resulted from smolting the mica. In this ex-

plgyed. This form of receiver is sho~vll  in Fig. I .  periment the effect n-as ol~servedby placing tile mica 


Air. Tainter next collected sillts and worstetls of differ- tiia1jl1ragm aaainst the ear a n d  also by listelling through 
ent colors, and slleedily found that the darkest sl~atles a hearing-tulle, one end of which xvas closed by the 
procluceG the best effects. Black \vorsted especially gave ciiaphragm. Tlle sound was found to be more audible 
an estremell- loud sound. tllrougll the free air ivhen the ear was  placed as  near to 

As  white cotton-~vosl had proved itself equal, if not the lamp-1:laclt surface as  it could be hrought n-ithout 
superior, to any other white fil~rous material before ti-ied, shading it. 
he \i7as anxious to obtain colored sllecimens for compari- At  the time of my co~nmuilicatlon to  the rllllerican 
son. Not having any at  hantl, llo\i?ever, he tried the Associcrtion I had been unal>!e to satisfy myself that  the 

effect of darkening some cotton-wool with lamp-black. ' substallces which had hecome sonorous under the tlirect 

Such a marltetl re-enforcen~ent of the sound resulted that influence of sunlight \\-ere capable of 
in termi t te~~t  repro-

he was inducetl to trl- lamp-black alone. ducing the sountls of articulate speech under the action 


About a teaspoonful of lamp-black was placed in x of an undulatory beam from our photopllonic transmittrr. 
test-tube and exposed to an iilteriilittei?t beam of sun- T h e  difficulty in ascertaining this \\-ill be understootl by 
light. T h e  sound produced was much louder than any considering that the sounds enii:ted bl- thin diapliragms 
heard before. and tubes \\-ere so feel~le that it \\-as i~npracticable to pro- 

U])on sinoliing a piece of plate-glass, and holding it in duce audible efkcts from substances in these contlitions 

tlie intermittent beam n,ith the lamp-I11:rck surf ace to- at  any consider;rble distalrce ;rirap froin the transmitter ; 

wards the sun, the sound produced was loud enough to , but it Lvas ecjually imposs~ble to judge of the effects pro- 

he hearil, n~i th  attention, in any part of the room. IIiitll duc:d by our articulate transmitter at  a ?hart distance 

the lanlp-biacli surface turned frolrr tlre sun tlre soulid aivay hrcause the sl~eal<er's voice rvas directly audible 

was much feebler. through tile air. The  extremely loud sounds producetl 


Mr. Tainter repeated these experiments for me im- froin lamp-black have enabled us to demonstrate the 

mediately upon illy return to JVashington, so that i 1 feasibilitl- of using this substance in an articulating photo- 

might verity his results. phone in place of the electr~calreceiver forillerly employed. 


T h e  drawing (Fig. 2::)illustrates the mode in \vl~ich the 
i' " Kote, on I<ndio1i1iony." Co,i1,4ies i < d i z i ? ' ~ s ,Uec. 6 and I:. 1880 ; 1,'cb. expfriment \,,,as colltluctetl. T h e  diallllragm of the trans- 


a r  and  25, 1881. See, also, 7o?ii . izni dc f>/~j/il..r?b:~i,
vol. x, p. 5;. 

$ "BCtiOll of a,, [,,termittent Hex,,, <,f Radiant I lent  ups,, Gnseolls lllitter (A) mas only 5 celltillletres ill (llalneter, the diameter 


- .  I:." . " .  also ;ccntimetres, ant1 the distance .\latter." 1'7-oc. ii'm,ia/ Soiiiiy,T ~ I .  1881.VOI. xxii, D. >07. of the receiver (U j xv~is 

n the tones which arise fiom tile intermittent illnrnination of a between the two \\-as 40 metres, or 800 times the 


S e e I e ,  P 2 ' I , z , 8 , 0 T p 5 5  (liallleter of transmitting diapllr;lgln. \\re a ~ e r e  

" O n  the Conrerslon of Radixnt Energy into Sonorous V1111.ations." 

P,.oc. X?ynZSuciei~~, unable to experiment a t  greater distances withouthIarch ro,1881,val. xxsi, p ,  jo6 .  . - -.. -~ - .~-


t i 'On  the 7th of Ja11ual.y. ?'See paze 247 for iilu>tmtiolis. 




paraboi;c reflector, in stance lzXe Lamp- 
the focus of which is bhck procl'?lces zn- 
placed a glass vessel tense sonorous vibra- 
(A) containing. 1 a m ~ -  tzons in the s w -  
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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 em?loyed, 
one of which is set in rapid rotation while the other 
remains stationary. This form of interrupter is also 

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 woultl then be absorbed, as  water is by a sponge when 
the pressure of the hand is removed. 

I imagine that i n  some such manner a s  this a wave of 
condensation is started in the atmosphere each time a 
beam of sunlight falls upon lamp-black, and a wave of 

black or othe; sen&- rounding air, while 
tive substance, and at  the same time it 
connected w i t h  a communicates a vwy  
hearing - tube. The feeble vibration to 
beam of light is inter- the diajhragm or 

~ rupted by its passage solid bed upon which 
through t h e t w o  Fig. 5. it rests. 

admirably adapted for rarefaction is origin- 
work with artificial ated when the hght 
light. The receiver is cut off. W e  can 
illustrated i n  t h e thus understand hmu 
drawinn consists d a Q A it is that a sub- 

slotted disks shown a t  B, and in operatingthe 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 (U). 

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) 
shown in the figure. 

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

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 w ~ t h  the disk confined in the cavity 
behind the diaphragm. In his paper read before the 
Royal Society on the 10th 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 dkks do not vibrate at all. 

solids the physical con- I shall briefly state my 
dition and the color are reasons for disagreeing 
two c o n d i t i o n s  that with him in this conclu- 
markedly influence the sion : 
intensity of the sonorous I. When an intennit- 
e ff e c t S. The loudest tent beam bt sunlight is 
sounds are produced focussed upon a sheet of 
from substances in a hard rubber or other 
loose, #orow, spotqy con- C material, a musical tone 
diiion, and from those can be heard, not only 
that have the darkest or 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 any portion of the sheet, 
cott~n-wool~ worsted, fi- even though this may be 
brous materials gener- a foot or more from the 
ally, cork, sponge, plat- , I , place acted upon by the 
inum and other metals Fig. 6. light. 
in a spongy condition, asd  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 ores filled with air instead 
of water. When a beam o?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 s47 for illustrations. 
t 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 carbon 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. 

I t  is evident, therefore, that in the case of thin dzsks 
a realvibration of the diaphragm zk caused by the ac- 
tion of the zhtermittent beam, independent4 of any ex- 
pansion and contrirction of the a ir  conjned in the cav- 
ity behind the diaphragm. 

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

* See page 248 for illustrations. 
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sound, would result from a oeriodical comillunicatio~l I EXPERIIIENTS WITH LIOUIDS. 
and abstraction of heat, and he 'says : " Tire may conclude, 
I think, that there is, at  present no reason for discarding 
the obvious explanation that the sou~lcls in question are 
due to the bendiug of the plates under unequal heating." 
(Nature, xxi~i,  p. 274). Mr. Preece, however, seelis to 
prove that the sonorous effects cannot be.explained upon 
this supposition ; but his esperimental proof is inade-
quate to support his conclusion. h1r. Preece expectetl 
that if Lord Ra-qleigh's explanation \\*as correct, the ex- 
pansion and contraction of a thin strip under the influ- 
ence of an intermittent beam coultl be causetl to open 
ancl close a galvanic circuit so as  to produce a nlusical 
tone froin a telephone in the circuit. But this was rnl 
inadequate way to test the point a t  issue, for Lord Ray- 
leigh has shown (Proc. of Roy. Soc., 1877) that all autl- 
ible sound can be protluced by a vibration whose ampli- 
tude is k s s  t/ln?z u Icn-ncilZio?zth of  n ~?z tZ j / z c i~~c ,  ant1 cer- 
tainly such a vibration as  that ~vouitl not 11x1-e sufficed 
to ol'erate a " malce-and-break contact " lilte that usetl 
by hlr. Preece. T h e  negative results obtained by him 
cannot, therefore, be considered conclusive. 

T h e  following experiments (tlevised by Mr. Tainter) 
have given results decidetlly more favorable to the theory 
of Lord Rayleigh than to that  of Rlr. Preece : 

I .  A strip (A), slrr.ilar to that used in l f r .  Preece's 
experiment was attached firmly to the centre of an  iron 
diaphragm (B)as shown in Fig. ;, and was the11 pulled 
taut a t  right angles to the plane of the diaphragm. 
\&'hen the intermittent beam was focussed upon the 
strip (A), a clear ~llusical tone could be heard by apply-
ing the ear to the hearing tube (C). 

This scev~td  to zizdicntii n ~-n$z'd e~-$n/tszb/t [iz?til' con- 
fi-ncflb/t of [he sz~hsfance z~izilei- ti-inl. 

But a vibration of the diaphragm (I:) would also haye 
resulted if the  thin strip (A) had accjuired a to-and-fro 
motion, due  either to the direct imi~act  oi  the beam or to 
the expansion of the air iu contact'~vitli the strip. I

2. T o  test whether this hat1 been the case an addition- 
al strip (D) was attached by its central point only to the 
strip untler 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$zcshdiz~ ;..ki-cc acting on the strip 
(A), that the addition of the strip (D) ~voultl nct  interfere 
with the effect. Bat  if, on the other hand, it had been 
due to tlie longitud~nal expansion and contraction of the  
strip (A), the sound would cease, or a t  least be retiuced. 
T h e  beam of light falling upon the strip (D) lvas now 
i~iterr~ipteclas  before by the rapitl rotation of a per-
forated disli, ~vhicli was allowed to come gradually to 
rest. 

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

This result is confirmatory of the first. 
T h e  audibility of the effect at a particular rate of in- 

terruption suggests the explanation tliat the s t r ~ p  (D) had 
a normal rate of vibration of its otvu. 

When the frequency of the  interruption of the light 
correspontletl to this, tlie strip was probably thrown into 
vibration after the maniler of a tuning fork, in \vllicll 
case a to-and-fro vibration would be propagated clown 
its stem or central support to the strip (A). 

This  indirectly proves the value of the experirnent. 
The  list of solid substances that  have been sul~mittetl 

to experinlent in my laboratory is too long to be  quoted 
here, and I shall merely say that we have not yet foulid 
one solid bocly that has failed to become sonorous under 
proper conditions of experirnent.'" 

:"arbon a n d  thin microscope xlnss are mentioned in 111y Boston paper as 
non-responsive, and po~vdered clllorate of potash in the  coln~nunicnt~on to 
the  French Academy, (,Comptes 1:endtis vol. s l c ,  p. 595.) All these sub- 
stnl?ces have slnce 5-ielded sounds undc; more careful ofc o n d i t i o : ~ ~  es-
perlmellt. 

T h e  sounds produced by licluitls are much Inore diffi- 
cult to observe than those protluced by solids. T h e  high 
nl~sorptive power possessetl 11y lnost licluids would lead 
one to expect intense vibrations frorn the action of inter- 
mittent light, but the number of sonorous liquids that  
have so far been found is estrenlely limited, and the 
sounds produced are so feeble as to be heart1 only by the 
greatest attenti011 atitl untler the best circurnstances of 
experiment. In the experiments made in lily laboratory 
a v2ry long test-tube Tvns filled with the liquitl under ex-
amination, and a flexible rub11er-tube was  sllpped over 
the mouth far euougll tlo\vn to prevent the possibi?ity of 
any light reaching the vapor above the surface. Pre-
cautions w're also talien to prevent reflection froin the 
I~ottorn of the test-tul~e. A11 intermittent beam of sunlight 
\vas then focussed upon the liquid in the luidtlle portion 
of the test-tube 11y means of a lens of large diameter. 

RESULTS. 

Clear wnter . .  . . . . . . . . . . . . . . . . . . . . . N o  sound audible. 
ST'ater tliscoloretl 11y i n k . .  . . . . . . . . . . . . . ..Feeble sound. 
Mercury . . . . . . . . . . . . . . . . . . . . . . . . . . . N o  sourid lleartl. 
Sulphuric ether"'. . . . . . . . . ..Feeble, but clistinct sound. 
Amrnonia . . . . . . . . . . . . . . . . .  " " " i' 

Ammonio-sulphate of c o p ~ e r .  " " " " 

Writing in l i . .  . . . . . . . . . . . . . . .  " i' , I  " 

Intligo in sulphuric acid.  . . . . .  
, I  

'i ,'i, t I  ,'( I  

Chloride of copper*. . . . . . . . .  'i 

T h e  licluitls d is t ing~~ished the best by an asterisk gave 
sounds. 

Acoustic vibrations are always much enfeebletl in 
passing from liquids to gases, and it is probable tliat a 
forin of experiment may be devisecl tvhich will yield better 
results by communicating the vibrations of the liquid to 
the ear through the metliunl of a solid rod. 

E x F E R I h I E w r s  c+.\sEous m r r T E R .  

O n  tlie 29th of Norember, ISSO, I had the pleasure of 
s h o ~ i n gto Prof. Tl-ndall in the laboratory of the Royal 
Insti tut~ou the experiments describetl in tlie letter to X r .  
Taintrr  froin ~ v l ~ i c hI have cjuoted allore, and Prof. 
Tyndall a t  once espresseci the opinion that  the sounds 
x e r e  due to rapid changes of temperature in the body 
sul~mitted to tile action of the heam. Finclirig that  no 
esperiments had been made at  that  time to test tlie 
S O I ~ ~ I O U Sproperties of different gases, he suggested filling 
one test-tube with the vapor of sulphuric ether, (a good 
al~sorbent of heat,) ant1 another with the  vapor of bi-
salphide of car l~on,  (a poor absorbent,)ancl he predicted 
that if any sound was heard it ~voulcl be louder in the 
former case than in the latter. 

The  experiment was iinlnediately made, and the result 
~er i f ied  the prediction. 

Since tht. pul~lication of the memoirs of Roi~tgen'~'  ant1 
'1')~ldal l / .we have repeated these experiments, ancl have 
extelltleci the inclu~rl- to a number of other gaseous botlies, 
ol~taining in every case similar results to those ~lotetl in 
the lliellloirs referred to. 

The  vapors of the following sul~stances were fou~ld to 
11e highly sonorous in the i~itermittent beam : \Xrater 
vapor, coal gas, sulphu~.ic ether, alcohol, ammonia, amy- 
lene, ethyl I~romide, diethylamene, inercurl-, iodine, and. 
peroxide of nitrogen. Tile loudest sotmtls were obtainetl 
fro111 iotline ant1 peroxide of nitrogen. 

I have now shown that sou~itls are produced Ily the 
tlil.ect action of interlnittent sunligllt from substances in 
every pliysical colidition (solid, licjuid, and gaseous), ant1 
the probability is, the1 efore, very greatly lilcreasetl that 
sonorousness, untler such circu~nstancei, ~vill be fouiitl to 
Ile a ~miversal property of matter. 
p~p
.- . -- - -. 

::;.lnll, der Phys. und Chem., 1831,No. I ,  11. ~ j j ,  

tl'roc. Roy.  Soc., vol, s s s i ,  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, su gested to me that this 
inconstancy of result might be b 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 diierent 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 selen~um 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. 

The arranqement of in Fig- 7) 
was constructed for this purpose in the pa* 
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 The effectis much 
Increased by  lacing the tellurium cell with the battery 
in lhe primary circuit an and placing 
the telephone in the secondary circuit. 

The 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 properties. We have mixed 
together selenium and tellurium in different proportions, 
*k Roy. Sac., VOI. 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. 

I t  occurred to Mr. Tainter before my return to Wash- 
ington last January that the very eat molecular disturb- 
ance produced in lamp-black by t c  action of intermittent 
sunlight shoulrl produce a corresponding disturbance in 
an electric current passed through it, in which case larnp- 
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. F~~ instance, 
when an current is passed through spongy plat- 
inum while it is exposed to intermittent sunlight, a distinct 
musical tone is reduced by a telephone in the same cir- 
cuit. In all sue\ cases the effect is increased by the use 

an induction ,-oil; and the sensitive cells can be em- flayed for the reproduction of artlculate speech as well as 
or the production of musical sounds. 

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

A convenient mode of arranging a lamp-black cell for 
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Purposes is shown In Fig. 9. When an 
intermittent current is passed throu h the lamp-black* 
JA) Or when an intermittent beam oBNnlkht 

through the lass plate (B) a loud n~usical tone can be 
heard aPPyYh the ear the heanng-fube (C). 
When the light and the electrical current act simultan- 
eousl~s two musical tones are perceived, which produce 
beats when the same pitch. proper arrange- 
ments a complete interference of sound can undoubtedly 
be produced. 

UPON THE Y EASUREYENT OF THE SONOROUS EFFECTS 
PRODUCED BY DIFFERENT SUBSTANCES. 

We have observed that different substances produce 
sounds of very different intensit~es 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 apparatuq we have devised. 

Whe9 a beam of light is brought to a focus by means 
of a lens, 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 %certain 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. 

''INT OF LENS AT 
SOUNDS BECOME INAUDIBLE WITH DIFFERENT 

SUBSTANCES. 

Zinc diaphragm (polished). I .5 I m .................. 
Hard rubber diaphragm. ................... 1.p Is 

Tin-foil 2.00 .. . . . . . . . . . . . . . . . . . . . . . .  
. . . s e e  “ Telephone ,, (Japanned iron). 2.1 .......... “ Zinc ,, (unpolished) 2.1 

White silk, (In receiver shown in Fig. I.) 3.10 
White worsted, G ,, d6 ,, 4.01 ,, 
Yellow worsted, ,‘ ,' ., ,, 4.06 ,, 
Yellow silk, G6 ‘, ‘, ,, 4.13 ', 
White cotton wool, '< a( ,, ,, 4.38 ,' 

6s (6 '6 Green silk, " 4-52 " 
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Blue worsted, I #  I s  IS 

I .  $6 $6 
" 4.69 :: 

Purple silk, " 4.82 
Brown silk, I, ,I <. 5.02 " 

Black silk, 6. I .  I< " 5.21 *# 

Red Silk, ' I  ' I  ' I  
" 5.24 " 

Black worsted. .I 
I. <I rr 6.50 

Lamp-black. In receiver the limit of audibility 
could not be determined on account of want of 
space. Sound perfectly audible at a distance 
ot .......................................I. " 
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. 

(I.) A beam of light is received by two similar lenses 
(A B, Fig. IO*), 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 receiving 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 (8). 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 solln~s produced from D and E 
are of equal intensity. The relative positions of the re- 

d investjetion is bared upon 
the production of an interference of sound, and the 
apparatus employed is shown in Fig. II.* The inter- 
rupter consists of a tuning-fork (A), which is kept in 
continuous vibration b means of an electro-magnet (B). 

A powerful beam light is brought to a f a u s  b e  
tween the prongs of the tuning-fork (A), and the passage 
of the beam is more or less obstructed by the vibration 
the opaque screens (C D) carried by the prongs of the 
fork. 

As the tuning-fork (A) produces a sound by its own 
vibration, it is placed at  a suffic~ent distance away to be 
inaudible through the air, and a system of lenses is em- 
ployed forthe purpose of bringing the undulating beam 
of light to the receiving lens (E) with as little loss as 
poss~ble. 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. Ufider 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 
muslcal 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 z48 and yg toriuwtratioda 
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(4.) Ii t h e  tuning-fork (A) in Fig.  11 is th ro~vi i  into (2.) 'I'lle lamp-blaclted wiregauze was then reiilovetland 
vibration bj- a n  untlulatory insteati of a n  intermit te~it  t h e  interior of the  receiver (G) was fillet1 with red-worsted. 
curreilt passed tlirough t h e  electro-magnet (I;),it is prob- Upon exploring t h e  s p e c t r i ~ m  :is l~efore,  entirely tlii'ferent 
able t h a t  a musical tone, electrically produced in the  results were ol~tained.  T h e  rnaxiinlu~n effect n.as pro-
receiver (F) by the  action of the  same current ,  would duced in the green a t  tha t  part  \vhere the  retl cvorsted ap- 
h e  found c<ipahle of extingiiisliing the  effect p ~ ~ o t l ~ ~ c e d  peared be  black. On either side of this  point the  in to 
tlie receiver (G) 11y the  action of tlie u~ldula tory  beam of 
light, in ~ v h i c h  case it s!iould be  poss~ble  to esta1)lish a n  
acoustic l~alai ice between the  effects produceti by light 
anti electricity by introducing sufficient resistarice into 
tlie electric ciicuit. 
U P O S  'THE N A T U R E  O F  T H E  RAJ-S TH,AT I ~ R O D U C E  

SOKOROUS EFFECTS 1 S  D I F F E I i E l i T  SUBSTANCES. 

In  m y  paper read before tile American Association last 
i l u g u s t  ant1 iii the  present  liaper I have usetl the  word 
"Iiglit " i n  its usual ratlier t h a n  ~ t s  scientific seiise, and I 
have not  liitherto attenlptetl to  discri~ninate tlie effects 
protlucetl by t h e  different constituents of ortlinary light, 
the  thermal,  luminous, and  actinic rays. I find, liowever, 
t h a t  the  atloption of the n70rd " pliotophone " by 111.. 
'Tainter ant1 myself has  led to t h e  assum;~tion tha t  we  
belitved t h e  audi l~ le  effects discoveretl 11y u s  to 11e tlue 
entirely to  the  action of lu~ilir>ousrays. 'The meaning  
\ve ha\-e unifor~nly attaclietl to t h e  \rords "photophone 
antl " lidlit " will h e  obi-ioiis irom the  folio~ving passage, 
cpotetl by my Uoston paper : 

" Although effects a r e  produced a s  above s l i o ~ v n  11y 
forins of ratliaiit energy, which a r e  invisible, we  1i:lve 
nnmetl the  alqxiratus for the  protluct io~i  nut1 rel~rotluc-
t ~ o no i s o t ~ n d  in this wny t h e  t i , c n ~ ~ s e' photophone ' nil 
07-iJ1'i~ni.yD ~ ( z l i z  of /&/it col t fni?/s  f h c  1-iys .ii~hzch iarc 
o$~'rrrtzbc." 

T o  avoitl in fnture any misuiiilerstantlirlgs upoil this  
point we  h a r e  tlecidetl to adopt  tile t e l m  " 1 ailt;)j/1oirt3," 
prol~osetl  by A l .  i\lerczrtlier, a s  a geiiernl tern1 signifying 
ail a l ~ p a r a t u s  for tile protluction of souncl by any form 
o l  radiant  energ?, limiting the  words  fhc~;id(~@hoide,$40-
i o ~ h o i / e ,and ncts?zujho;/e, to apparatus for t h e  prctluction 
of sountl by theriiial, luininous, or actinic rays respec-
tively. 

21. Mercadie~., in t h e  course of liis researches in ratiio- 
phony, passetl a n  intermittent beam f rom a n  electric l amp 
through a prism, anil then ex.11ninet1 t h e  autlible effects 
~~:'odiicetlin tlifle~.ent parts  of the  spectrum, (C'o;iz$fc.r 
(Iz?z(IzLs,Dec. Gth, r 880.) 

W e  ]la\-e repeatetl this experiment, using tlie sun  a s  o u r  
source of ratliation, ant1 have ol~talnet l  results somewhat  
different from those noted by hI, AIercstlier. 

A beaiii of sunlight was  reflected il.o~iia heliostat 
(A,Fig.  12::') through ail achroiiiatic lens, (Bj so  a s  to 
form an image of the  s u n  upon tlie slit (C). 

Tlie beam then passetl tlirough another acliromatic 
lens (D) ant1 through a bisulpliitle of c a r l ~ o ~1)risni (E), 
fbrming :I.spectrum of great  intensity, ~vliicli,  when 
focussetl upon a screen, was  fountl to he suficientl>-
~ U I - e  show t h e  principal absorption lines of t h e  solar to 
spectrum. 

T h e  disk-interrupter (F) was  then tur~let l  ~v i t l isuficient  
rapitlity to produce from five to  six h i ~ n d r e d  interruptions 
ot tlie light per secoiitl, and  tile spectrum was  exploi-etl 
with the  receiver IG). which \\;as so  arraiiaetl tliat t h e  

\ ,.
lamp-blaclr surface exposed was limited by a slit, a s  

sho~vii .  


Uiitler these c i rcun~s tances  sountl; were ohtained iii 

every 1)an of t h e  visible spectrum, e s c e p t i ~ ~ g  
t h e  extreme 
half of the  violet, a s  well a s  in t h e  ultra-red. A contiiiu- 
ous increase in tlie loutlness of the  sountl w a s  observed 
upon illoving tlie receiver (Gj gr:itlu.allq- from tlie r i o l c ~  into 
the  ultra-red. 'I'lie point of maxi~nurn  souiitl la\- very far 
out  in the ultra-red, Eeyond this poilit the  sound began 
to  decrease, anti then stopped so sutltle~ily tha t  a very 
slight motion of tht: receive1 (G) niacle all the tlifftrcnce 
be t~yeen  nliilost rnasirnuin sou~?tI  ant1 coriiplete sile~lce. 

-.--

$;Seepogr 2.19 for illustmtions. 


sound gratlually tlietl alvap, becoming inaudible on the  
one side in the  ~nidtl le  of tlie indigo, a n d  on t h e  other  a t  a 
short  tlistance outsitle the  etlg-e of tile red. 

(3.)  Upon su l~s t i tu i ing  green silk for retl worstetl t h e  
limits of nutlition appearetl to be tile mitltlle of t h e  blue 
autl a point a short  t l is ta~ice out  in the  ultra-red. Maxi-
m u m  in tlie red. 

(4.) Some hartl-rubber shal-ing:, were ~ i o w  placed in 
tlie receiver (G). 'The limits of au t i~ l~ i l i ty  appi.meti to be  on  
the  one Iiaiid the junction of tlie green aritl blue, and  on 
the  other  tlie outside etlge of the  red. hIasimum in the  
yellov.. Alr. Tninter  thought  he coultl hear  a little way 
into tlie ultra-red, aiid to his ear  the  11-~asiliiu~ilw a s  
allout the  juiiction oi the  retl ant1 orange. 

(j.) il tes t - tu l~e  contaming t h e  vapor ol  sulphuric ether  
v7ns then s ~ i l ~ s t i t u t e d  a tfoi. the  receiver (G). Co~rllilencing 
the  violet end,  the test-tube was  gladtially nioved tlown 
tlie spectrum ant1 oiit into the  ultra-retl ~vit l iout  autlible 
effect, but  when a certain point fa r  out  in the  ultra-reti 
was  reached a tlistinct ~nus ica l  tone sutltlenly rnade its 
appearnnce, ~vhicl i  t1isappca1-etl a s  sutitleiily on ~ i iov ing  
the  test- tube a very little further on. 

(G.j Upon exploring the  spectrum with a test-tube con- 
taining tlie vapor of iodine the  limits of audibility ap- 
peared to  be the  illidtlle of the  red  a n d  t h e  junction of 
the  blue and  indigo. Ala,xi~nuin in the  green. 

(7.) 11 test-tube contai i i~np peroxide of nitrogen w a s  
substituted for t h a t  contairilng iodine. Distiiict sountls 
were ol~tainetl i:i all parts  of the  visible spectrum, but  no 
sountls v7ere observeti in the  ultra-retl. 

'The i n a x i m u ~ n  ei'fect seenietl to nie tol le  in theblue.  T h e  
soulids lvere well iiiarlietl in all parts  of the  violet, ant1 I 
e~-e i ifancied tha t  the  autlible eil'ect exteiitletl a little way 
iuto tlie ul-ra-violet, bu t  of this 1c;iiinot be certain. U p o n  
examining tlie nl~sorption spectrum of p e r o s ~ d e  of nitro-
gen  it TI-as a t  oiice observeti t h a t  tlie lnasinium sountl 
was 1~roducetl in tha t  part  of t h e  spectrum where  t h e  
greatest  number  of ahsorption lines iilatlr their appear-  
ance. 
(8.)Tlie spectrum Iras ~ i o w  explored by r seleniuni 

cell, ant1 t h e  audible eflects were ohsei-vet1 b y  means of 
a ttleplione in the  same galvanic circuit with rlie cell. 
T h e  maximum eSrcct was  protlucetl in the  retl. Tlie  autl- 
ible efi 'ec~ extendi~tl a little way into tile ultra-reti oil the  
one hand a n d  u p  a s  high a s  the  mitltlle of tlie violet 011 

the  other. 
Although tlie esperirnents so  far iuatle can only be  

consitlercd a s  pre l im~nary  to others of a more refined na- 
ture,  I tliink we  a r e  warrantetl in conclutliiig tha t  t h e  
l i i l t i c~e  oj' dhi~ i.ig,s f/lczt $rotOicc soizoroirs < f i e f s  i i z  dzy-

fe?.ci/f  s~ iDs!a i / c~s  if($~!izifs z i j o i ~  th't ? ~ a f ~ ~ ? . et h eo/ 
sitri!ces t h a t  czi.c c..xjose!f to  f h e  teiz?iz, aifct' fhctt t h c  soiiiztl's 
i t i  e iii ~:,L.TJ/rtrse c J ! ~ t >Z o  dhosc ~ c y s  o f  1/16> ~;h>cfi.iiiir t / l i z k  
117.1' tr6so?Dc!J Dy Ihc jilitfj~. 

THE RI~ECTROPIIONE.  
Our experiments upon t h e  range of audibility of differ- 

en t  su l~s tances  in tlie spectrum ha\-e let1 u s  to  the  con- 
s:ruction of a new instrument for use in spectrum analy- 
sis, which was  tlescribed antl eshihitetl t o  the  I'lii1osoph1- 
cal S-ciety of \Vasliiiigto~i last Saturtlay.':' T h e  eye-piece 
of a spectmscope is reinovetl, antl sens~t ive  substances 
are  placetl 111 the  focal point of tlie iiistrurnent I~ehind  a n  
opaque diaphragm containing a slit. These  substances 
a r e  put in com~nunicat ion with t h e  ear  by iiieans of a 
heal-ing tube, and thus  the instruinelit is converted into a 
veri tal~le "spectrophone " like tha t  shown in Fig.  13:l 
.--. ~ -- - -

:: I'rcc. ui  E'l~il.Soc. uf T \ ' n i I i i n ~ t o ~ ~ ,Apnl  15,1881, 
, tSee paBe ?jo for illusl~.ationb. 
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Suppose we smoke the interior of our spectrophonic 
receiver, and fill the cavity with peroxide of nitrogen gas. 
W e  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 bean1 of 
light through some substance \vllose absorption spectrum 
is to be investigated, and bands of sountl and silence are 
observed upon exploring the spectrum, the silent posi- 
tions corresponding to the absorption bands. Of course, 
the ear cannot for one molllent compete with the eye in 
the examination of the visible part of the spectrum ; but 
in the invisible part beyond th:: 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 marlred as  to con- 
stitute our instrument a most reliable and convenient sub- 
stitute for the ther~nc-pile. A few experiments that have 
been made may be interesting. 

(I.) T h e  interrupted beam was filtered through a sat- 
urated solution of alum. 

Result :  T h e  range of audibility in the ultra-red was 
slightly reducetl by the absorption of a narro\v band of 
the rays of lowest refrangibility. T h e  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 An~er ican Asso- 
ciation last August-that so~ inds  lvere heard froin 
selenium when the beam x a s  filtered through both hard 
rubber and alum at the sarne time. (See table of results 
in Fig. 14.':') 

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

Iiesult : When 11lacec1 in the path of the beam the 
spectrum disappeared, with the exception of the blue and 
violet end. T o  the eye the  spectrum was thus reduced 
to a single broad banti of blue-violet 11ght. T o  the ear, 
however, the spectrum revealed itselt as  two 1,ancls of 
sound with a broad space of silence between. T h e  in- 
visible rays transmitted collstitutetl a narrom bantl just 
outside the red. 

I thinlr I have said enough to convince you of the  value 
of this new inethotl of examination, but I clo not wish 
you to understand that  we look upon our results as  by 
any means complete. I t  is often Inore interesting to 
observe the firsi totterings of a child than to watch the 
firm tread of a full-grown man, and I feel that oily 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 ant1 independent field of useful-
ness in the investigation of absorption spectra in the 
ultra-red. 

CONTRIBUTIOP\'S TO C O ~ ~ A R A T I V E  1p ~ y -

CHOLOGY. 

I. INSTIKCT A N D  REASON 

In St.  George LIivart's recent work, " T h e  Cat," Chap. 
XI treats of the Psychology of that  animal, iZnlic1st the 
usual ambiguity to be founcl wherever such subjects are 

treated, Mivart occasio~lally formulates his views. On  
page 369 his words admit of no other interpretation than 
an  ackno\vledgement that  instinct is nearly, though not 
quite pure automatism. The  possession of reason by the 
cat is a t  first evasively dealt with, and finally on page 
373, flatly denied. L I~ ra r tfinds fault with Herbert Spen- 
cer's views as  to instinct : "According to 5'lr. Spencer it 
is a higher tleoeloprnent of reason which it has replaced, 
owing to the establishment of a Inore periect adjustment 
of inner relations to outer relatioils than exists where 
mere reason is concernetl." Tha t  opinion of Spencer's 
is one of the many which deserves to be rescued fro111 the 
oblivion his involved style threatens to inflict upon the 
inass of his writings. From pure morphological and his- 
tological observations I have been let1 to the conclusions a t  
which Spencer arrives by a holly different route. T h e  
n e r ~ ~ o u ssystem is a net-~sork of corlducting substance 
interrelating the units of the auinlal body. 

In an article by Spitzka (" Insane Delusions " page 34, 
Joztf-an2 il;c~vous mziJ Xt?rfnl  Dzj.t.nse, January, I 881), 
occur the follo\ving ~vords  : " In fact I should, if asltetl to  
point to the chief factor on which the higher powers of 
the l ~ u m a n  brain depend, lay lessstress on the cortical tie- 
velopment assuch, than in the immense preponderauc:e of 
the white substance clue to the inassive associating 
tracts." 

I\utomaticity created by unvarying persistence of im- 
pressions resulting in certain definite movements, whether 
occurring through heredity, or [luring the lifetime of the 
iuclividual (as proficiency in piano playing, etc.), has, for 
its material substratum, absolute definiteness of associa- 
tion of those parts which tlie nervous system connects ; 
thus, regarded as  a colony, the component indivitluals of 
the organism are brought into thorough automatic rela- 
tionship \ i ~ i t l ~  one auother, and to that  part of the environ- 
ment to which theorganism responds instinctively. 

On the other 11aiid reason is represented by the discon- 
nected, shifting, short ancl long nerve fibres, a s  the arcu- 
a te  of the cerebrum, not as yet assigned to any definite 
location. Reason thus is the struggle to~vartl  automa- 
tism. Instinct is the outcome of the struggle. Broadly 
viewing the higher nervous organization of animals there 
is a perpetual tendency to the establishnier~t of nerve 
routes which ~voulcl eventuate in handiug over perfect 
control of every fmnction to the highest nerve system. 
Spitzlta expresses this (Architecture of the  Brain, page 
64.9J. N. & M.D. Oct. 1879) : "With the d e v e l o p ~ ~ ~ e n t  of 
these highest projection fibres, the cerebral hemispheres 
graclually encronched on the independency of the lower 
ganglia, until in its ~llaxinlal developinent as  found in 
man, it resenibles a great empire which holtls a number 
of tributary states in sway under a colnmon powerful 
rule. The  automatical unity now attained, finds its par- 
allel psychical culmination in that  inore perfect conscious- 
ness of the q o ,  which is peculiar to man." 'There is 
nothing debatable about this teniitncy on the part of the 
nervous system ; the greater relative inasses of the longi- 
tudinai ant1 transverse asiociating tracts in the s p ~ n a l  
cords, spinal and cerel~ro-spinal n t r res  and brains of all 
animals, in. proportion to their reasoning ancl instinctive 
abilities, point to a prevailing law which seeics the retluc- 
tion of all anilliai nloreinents to the simplest mechanical 
n~ethods .  A co ro l l a r~~froill instinct beinp- ~~er fec t ed  

A 

reason, would he th& the salvation of rertsou to 
the race depended upon the T-icissiiudes and sh~f t ing  cir- 
cun~stanceswith 1vh1c11 we are surrour~decl, amounting to 
rescue froill the fate inentionecl by Walldce in degratla- 
tion through ~~a ras l t i sm.  De(?_uincey calls the human 
b r a n  a palimpsest. In old age new tissues of any kind 
are fornled with difficulty. new routes in the brhin strive 

2 .  


in vain for establishment; in senility the nervous tracts 
establisl~td in youth, ant1 upon which all subsequent as- 
sociations are iounclecl, are tlie last to suffer disintegra- 
tion. hence voutliful recollections become at this time 

:Gee page 250 for illustrations. I more vivid. ' 


