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mdnozos;& en: saride
Ivis-connues etmoonnmqm égissent ces organes.

D2 le commencement de ces J"“_.,’.*ﬂ% .wgénﬂ-h
écessité d‘employer un dlotro-chronographe‘pour done

ner-la mesure exacte. de 39 Horce: obtsnm sar l'élocm-
aiman, -ainsi que 13- durée exacte du&empe; néoessam
pour que lo courant produise son effet maximum ‘sur les
dmes en fer. Réflexion faite, je me déterminai & faire
usage de-mon- télégraphe imprimant qui, sauf quelques
légéres modifications, remplissait merveilleusement le but
que je me proposais. -

Avant d'exposer les expériences que j'ai faites, une
courte description de cet instrument est nécessaire ', La
roue des types tourne avec une grande rapidité, et est ré-
glée & une vitesse donnée au moyen d'un ressort vibrant.
De cette maniére, les révolutions de cette roue et de ses
portions sont parfaitement isochrones. L'électro-aimant
est polarisé au moyen d'un aimant artificiel. L’armature
est attirée contre les pbles de cet électro-aimant par cette
polarité, Un ressort de réglage tend constamment a éloi- |
goer I'armature des pbles, et la différence de force entre

! La description compléte en a été donnée par M. Blavier dans le
numéro de mai-juin 1363 des Annales téfégraphiques.
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le:ressort et I.ip"né'a Mre::a:.de laforce
ur aétaehen Parmature.
Suposons. que. I’ ant rénem)q T'armature
aveo une force égale & 4( U o, & 16 re posé valant
9 un iés, dm cé oas pik conrant d'uné R égale & 2 et
2 dnmnub *polamé de 1'élec-

.....

L:tyves : -’ai :

fagon, la letire. mpmﬂée marque exa.cte-

snt od Larcaature a 816 soulevée, ainsi que le
'n:pxpdmremegmpmé donnée deffet

_ que sur F'dme, A .

3 i, suppoams qne Ie ressort ou }’a.rmature de I'élec- !

-aimant -exigeant une force 2 pour étre détachée,

“imprimat constamment la lettre A et qu'il fat ensuite ré-
glé de maniére qu'il fallit un courant 8 avant que l'ar-
“ mature fot détachée. Dans ce cas, si la lettre imprimée

est constamment B, C ou D, sachant que le nombre de
révolutions de la roue des types est de 120 par minute,
et celui des divisions de cette roue de 56, ce qui donne
412 divisions par seoonde nous pourrions dire aisément
par lalettre ou chiffre i nmpnme la quantité de temps né-
cessaire pour produire une certaine quantité de force dans
)'électro-aimant, et avoir ainsi un moyen correct d’obte-
nir les courbes de force magnéuquc produite dans un
électro-aimant qui passe de son minimum & son maxi-
mum, !

A laide de cet inpstrument, des divisions de temps
égales a 4/1000 de seconde pourraient étre obtenues avec
exaclitude, en méme temps qu'il serait possible de dresser
un tableau des variations de la force électro- magneuque,

A . - . el



‘ (% s
574 mwmu Fopue 5t bk faroe

dephis1 gramhe jusqir's 500 gratiffes. La seulb triodi-
ficktion muedmw‘WMmenm mhamuas cotisiste

= la ruuu des

y mmat auamb dm munim W a6
. tighibed & o que; $il D6t bidoin dusoun temps do
wtnaﬁt;’ht u.mw mmwmw chiffre:
B

posaat i A fofee Bl fo-agHligue prody
avlb uﬂ-ﬁ&ﬁm dﬁﬂﬂ&a‘ﬁﬁm'b“ %l ‘

1/142 de seconde, donnAt unef rce ﬁeﬁm dﬂjlfb
P'aithartt 8todt uglq & catfe foi oo 14 16ttre ot Te ehiffre

iiprimé fot 3y un Gontact de 1 :,8¢ sedonde produitai
\iné foree tolale de 19 gratnmies, et wﬁm*pom enlevé

a larmature lmpnmemltﬁ un contagt de - ,Isde 56~

conde; dennerait une foree toteln de Mgrammes, jmpri-
mant4;un contact de 1/28 deseconde donneraitune force

totale de 15; un contact de-—~— de 'seconde donnerait
une force totalede 15 grammesd 2 lmpnmantt” un con-
tact der—;r donnerait une force totale de 15 gram-

mes 3J4, imprimant T; un conte2’, de 1/16 deseconde don-
nerdit une force totale dé 15 gra vrites 7/12; impirimant §: -
Si mgx_pj@n_l nous tracons vine courbe des forces ob-
tenues dans ces divisions de tex |'s, nous observonsqu’un
éleetro-aimant exige un ceriain 1:mps pour passer de son
minimum & son maximum de taluration maghétique, et
que I"acoroissement de force dans les'quatre premires dis
visions de temps serait comime 8, 4, 2,1, Ges résultats

Ta
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sont parialtenmnt ‘constatits, qhelleque soit la forme bu la
grandeur de l’élentrp-mmant ou del'armature; la diffé-
rence. consistant nnlqﬁemmt dans l’aenwlssﬁmeﬂf dt‘ la
courbe. .

Avec dix. ocma avéo tmiaé!émenm, aveo bii gans ré-

istange extérisure, lejvmpn nécestairespour passer de son
minimuma sof- maximum était invariablement fs méine.
Pourtous’ hwbesow:mﬁgu , l¢ maximum d'sffet €'ob-

tiendrait ‘par lin contact d'une durée  égale i 6 §6~

conde; et, einoﬁsae&ordbnslem@ tetnps pout arger
Iélegtro- anmam; "\ 4 courants penvent étre
envbyzg a trdfers-un électro-gimant dans bn but | télégra-

; phique, prodiisant 1e ‘aximum deffet. Le retrd ‘caugé

par l'mducugu d'une:ligne’ donnée gerait égalentert dé=
duit de cette vilésse: Ed admettatil comme probablé; sur
une lngne aérienhe bienconstruite; une vilesse avec effet
maximom de 40 contacts par_séconde; les courbes (1),

‘planche 111, ont été produites avec des piles de 4 & 5 élé-

ments sur un court cireuity les courbes (2) ont été pro-
duites avec des résistances variables de 400 & 800 kilo-
métres. On verra par ces courbes que le temps d'effet

‘maximum ost le méme daons chaque eas, ét que la résis-

tance ajoutée & la ligne produit exactement e méme
effet que la rnducuon dur nombre d'élément8..

Le prcmler pasa a faire ensuite dans cette investigation

était dé trouver quelle est la vésistance de fil sur Pélectro- -

aimant-qui produit I'effet maximum.
Dans ce but, j'ai chbisi une résistance gpprésetitée par
une ligne dé 1500 kilométres, avee perte nfoyenne de 2/3
‘du courant véel & la terre. Gette perte pouvdit dtre aug-
mentée ou diminuée pour représenter le travail véel d’une
ligne aérienne. Aprés de nombreuses etpérsemcs, jai
trouvé qu'vne résistance de 420 kilometres, ou de 60 sur
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chaque bobine, donnerau lesmeilleu s résultats moyens,
en prenant en considération tods les: ¢hapgements qu'une
ligne. télégraphique réelle’ doit épronver pendant diffé-
rentes pénodgp de temps. . e
1 serait trop long de publier ici. les u-ughes nombreuhs
obtenues & Paide de ces expériences, 1nais nous pouvons.
 établir que les courbes moyennes les plus élevées obte-
nues par différentes @;ﬁ , Yont.été constamment aveo des
bobines ayant chacune une résistance de 60 ‘knlometres.
Le second pas & faire dans cette recherche était de trou-
“ver la forme propre et la grandeur des Aimes de fer conte-
nues dans les bobines de 'électro-aimant. D'abord, deux

quahtés’tmm&e&%nt dans différenits

barreaux de fer soumis & I'expérience..
al trouvé que des barreaux de fer différenis condm-
. saient nt plus oumoins le magnélisme produit, et que Iné-
sultat 1otal magnétique était directement proportionnel au
pouveir.conducteur du barreau de fer. Aingi, prenons des
barreaux de fer doux et des barreaux d'acier, de longueur
et de diamétre égaux; en plagant un aimant naturel &
I'une des extrémités du barreau, et en observant la quan-
tité de magnétisme conduite & l'extrémité libre, nous
trouverons que le barrean defer suppcrtera un poids huit_
fois plus considérable que le barreau d"acier place dans les
- mémes conditions.
" De cette maniére, nous pouvons constater facilement
‘w que le pouvoir, conducteur du ferest & zal & huit fois celui
|.de P'acier trempé. Placé dans la bobine, le barreau d’acier
exigerait un courant huit fois plus considérable pour pro-
duire la méme quantité de force magaélique & son extré-
mité libre; ce qui montre combien il est important de
choisir le fer le plus doux. Il y avait une différence de
18 pour 100 en favenr d'un barreau de fer recuit. Toutes
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les parties . telles que V'armature, ele., devraient done
étre parfaitement recuites, parce que la plus petite par-
celle de fer éeroui réduit sensiblement les résultats,
1l faut avoir soin égalethent que les fibres du fer soient
longitudinales, les résultats' étant sensiblement réduifg
quand elles sont transversales. Pour cetle raison, un tube
de fer ($tiré) ou un faisceau de fils ont 6t généralement
trouvés préférables pour les Ames. La plus grande diffé-
)rence observée était de 10 & 15 pour 100,

- Une autre qualité trés-lmportante du fer dont la con-
nexion avec l'éleclro-magnéusme n'a pas, croyons-nous,
été observée jusqu'ici, est le pouvoir d’absorption du ma-
gnétisme dans le fer. Cette absorption du magnétisme ou,
en d'autres mots, ce en quoi le magnétisme devient latent,
est -trés-remarquable dans différentes espéces de fer, et
avec le méme fer la quantité absorbée est en_raison di-
recte de Ja masse. Sinous posons une pidce de fer sur un
barreau aimanté, nous trouverons que I'aimant supportera
un poids moindre qu'an uparavan nt; et la différence sera
exactement proportionnelle & la quantité absorbée par la
piece de fer posée sur I'aimant. Si maintenant nous pla-
cons une piece d'acier trempé de méme dimension, nous
trouverons que la différence des pouvoirs absorbants n’ex-
cide pas 1/6, et que le fer n'a absorbé que 1/6 de plus que
I'acier trempé, tandis que son poglgr_gggd_qt_:_ltlu' est huit
fois plus considérable.

L’ame de ces bobines consistait en un tube mince de
fer, ded centimétre de diamétre, de 6 centimétres de lon-
gueur et ded /4 de millimeétre d'épaissenr. Elles avaient été
disposées de maniere quedes tubes d'épaisseurs diflérentes
pussent y étre introduits, et par les courbes de force ob-
tenues on verra dans les courbes (3) et (4) que Peflet maxi-
mum était atteint avec 1 millimetre 1/2 d'épaisseur.

vII. o
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Ce point atteint, le fer ayant déja conduit tout le ma-
gnélisme engendré aux poles, 'addition du fer produisait
une diminution d'effet due & 'absorption du magnétisme
maximum déja engendré, et de cette maniére une cer-
taine quantité qui avait été transportée aax pdles étau. ab-
sorbée dans le fer inutile ajoulé,

- Cette expérience a 6té répétée de plusxeurs maméres
avec des Ames. de fil de fer fin, de barreaux massifs et de
tubes grands et petits, et a donné des courbes (5) qui toutes
confirment les r&mltatsobtonus dans los courbes (3) et (4)
avee les tubes en fer, ce qui prouve qu: dés que le maxi-
mum de pouvoir conducteur avec une¢ force donnée a été
ohtenu par une certaine quantité de fer, l'addition d'une
nouvelle quantité serait préjudiciable au résultat; une cer-
taine portion du magnétisnie induit dsvenant latentdans
le fer intile.

Pour ce qui est de la longueur des bobines et des
barreaux, dans chaque cas I'effet maximum a été oh-
tenu avec une longueur égale le_diamélre du
barreau.

Les cour g ) ont été oblenuesavee des bobines de lon-
gueurs “différentes, ce qui montre qu aprés la longueur
égale asix fois le diamétre, la résistance & la conductibilité
produite par une plus grande longucur diminue Veffet
total, malgré I'addition de bobines plns longues et Ueffet
électro-magnétique produit parle courant dans les bobines
plus longues.

Supposons qu'un bnrreau de fer de pluswurs métres de
long et de 1 centimétre de diamétre, soit garni dans toute
sa longueur de bobines séparées, «yant méme résis-
tance et qu'une méme puissance soit exercée sur chaque
bobine, il ne se produira pas plus d'effet aux pdles ex-
trémes qu’avec une bobine longue seulement de 6 centi-

DES ELECTRO-ADMANTS. 579
metres, a cause de la résistance a la conductibilité du
magnétisme engendré.

Ainsi, il est de la plus haute importance, avant de
choisir du fer pour I'dme _des électro-aimants, d'en es-
sayer la conductibilité en prenant pour étalon de 1'acjer
fondu fortement trempé, Des barreaux de bon fer de dia-
métre égal et d’une longueur huit fois plus grande de-

- yraient supporter le méme poids que cet étalon.

Les' meilloures conditioris pour que des tubes en fer
soient transformés en électro - aimants télégraphiques
sont que, possédunt un diamétre suffisant auprés des bo-
bines, la quantité de fer soit réglée de maniére a avoir_
le maximum de conductibilité avec le minimum d’ab-
sorption. .

Les résultats de ces expenences montrent que la quan-
tité de méme que la qualité de fer dans un électro-aimant
qui doit &tre employeé avee une certaine résistance exté-
rieure, devrait étre étudide soigneusement. Pour un élec-
tro-aimant donnant les résultats moyeus les plus élevés &
travers une résistance de 300 & 800 kilometres, on a
trouvé que le poids total de fer dans des ames reliant le
barreau et I'armature devrait étre de 80 gratmes..

Alors, il a été fait des expériences dans le but de trouver
la meilleure forme a donner & 'armature pour utilizer le
maximum d’effet produit aux poles de I'“lectro-aimant.
Des armatures de toutes les formes possibles ont été adap-.
tées au méme Glestro-aimant et essnyées avee la a méme
résistance do ligne et le méme nombre d’ clcmcnls Il
serait trop_long__m_m_é_er les nombreuses expériences
ainsi faites; mais on podrra voir dans les courbes(8) quel-
ques-uns des effets les plus distinets.

Ces armalures agissaient directement sur les pbles
comme dans Paimant du relais Marse, et Ton verra que
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le maximum d'effet a été obtenu avec un barreau de
3 millimétres d’épaisseur, de 4 centimétre de large, et
de 4 centimétres de long. » .
Le méme phénomene de conductihilité et d’absorption
a 6té observé en différentes armaturés. Quand I'armature
était trop mince, la résistance & la conductibilité était trop
grande; quand Parmature était trop épaisse, le magné-
tisme induit dévensit Jatent] et une portion- était en
conséquence(perdye-pour |'effet pratique. . SRR I
Dans les courbes (7) et (8), on verra I¢ maximom et le
minimum sur des armatures d'épaisseurs différentes.
Des expériences ont été faites ensuite aveeT'additio
des piees saillantes ou pidcesiderpolea 1'électro-aimant
(fig. 10). Dans ce cas, les résultats ont ét4 exactement les

mémes que dans 168 expériences précédentes avec la méme
_longueur d'armature, mais ceux obtenus en@

e

sant les armatures différaient tout & fait. {51 ==
On sait depuis longtemps que les. pdles vrais d'un ai-

* mant sont situés & peu de distance de extrémité; mais

il n'a encore été fait aucune teutative d’utiliser cette
propriété dans la construction et le travail des électro-
aimants.(yobjet que I'on se proposait dans les expé—'
riences précédentes par l'addition d2 piéces de pole élait
d’obtenir les pdles vrais agissant directement sur I'arma-
ture ; mais, ainsi que nous l'avons annoncé, cette disposi—}
tion pe nous a présenté aucun avantage.

Je me déterminai alors A faire’ coincider le pole vrai
de I’armaturé avec celui de la_piéce de pdle, en raccour-
cissant I'armature. Les résultats de ces expériences furent
plus heureux, la force croissant rapidement & mesure
que les poles vrais g'approchaient I'un de I'autre, et dic
minuant quand cette colncidence étil dépassée.[On verra
dans les courbes (8) avec quelle rapid ité cette force croit, de

* DE8 ELECTRO-AIMANTS. B8 .

néme que 'effet produit diminue quand on a dépassé ce
point. - ;

La figure 11 veprésénte un aimant naturel; les lignes
pointées, le maximum et le minimum d'effet sur ce bar-
reau. 3 .

La figure 12 représente les piéces de pole sur I'électro-
aimant avec une longue armature; les lignes pointées
montrent que les polés ¥Fais e coincident pas.

La figure 13 montre la courte,armature donnant le
maximum d'elfet avec les poles vrais cotncidant.]

{ L'armature ainsi raccourcie devient excossivement sen-
sible et rapide dans son action. Elle travaille avec un
effet constant, malgré une variation de courant beaucoup
plus considérable qu'il n’est possible avee les arrange-
ments ordinaires d'armatures.\La sensibilité a de faibl
Courants de I'électro-aimant ainsi disposé est trés-rem
quable, un élément étant amplement suffisant pour mettre
¢n mouvement le télégraphe imprimant A sa vilesse ordi
naire de 120 révolutions de la roue des Lypes, cing lettres
par révolution, ou 600 lettres par minute, & lravers une
résistance de 1,000 kilométres, avee une perte i la terre
des 2/5 du courant total. Pardita

Avec une courte résistance, une petite, piece de zinc et
une piece de cuivre placées sur l exeitent l'ai-
mant parfaitement réglé & 600 contaCls™ par minule, &
travers une résistance_de 1000 kilométres. Avec une ré-
sistance de 300 kilometres, une piece de monnaie d'or

— T = —
et une piéce d'argent dans I'eau produisent un courant
suffisant pour donner les mémes effets,

Les expériences- montrent qu'avec une résistance €t
une pile données, et une perlc A la terre, telle quo lar-
rangement ordinaire de I'armature, comme dans le Morse,
od un galvanométre trég-sensible n'accuse pas le plus
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léger passage de courant, par 11 simple changement
d’armatures, linstrument fonet (ane parfaitement et
donne de:fortes indicatiors dur. courant d'une force
suffisante pour étre utilisdeen’ pratio ue,meme qmmd oalle
de la pile serait réduite de moitié, -
A Ainsi en soigmant la constructiini des électto-aﬂnnts
et l'ajustement des- poles wrais des  irmatures, une ligne.
télégraphique pourrait aisément fmctnonne: quand le
courant, par les pertes sur la ligna, pgrait davehu txop
faible pour les dispositions usitées 2 xpamvant
Les résultats pratiques mention s ici ont- 6IQ pbtenna
par Papplication de ces principes A mon télégraphe im=
primant, qu'ils ont rendu.trés-sers ble & de faibles con-
rants, en méme temps qu'ils donnent Ja MM
& r sans réglage avec une série de 4.4 100 éléments.
‘aimant du relais Morse, const it d’apm ces lois,
serait, & mon avis, beaucoup plus s:1sible qu’ aupamant,
mais alors méme les importants résiltats mentionnés ici
né pourraient pas étre obtenus en agissant & upe certaine
distance sur l'armature, avec le minimum de force seu-
lement, tandis que dans 'appareil irpprimant, I'armature
étant contre les pdles a I'état de repos, on ohuent. toujours
de cette fagon le maxim
Les résultats de ces experxences ne sont pas des dédue-
tions purement théoriques obtenncs des lois énoncées
dans les expériences, ce sont.des lois_appliquées prati-
quement dans mon appareil imprimant, tel qu'il fone-
tionne sur les lignes les plus importantes et les plus
longues de I administration télégraphique de France.
D. E. Hucses.
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362  1rof. Hnghes on the Action of Sonorous Vibrations “may 9,

May 0, 1878.
Sir JOSEPH HOOKER, K.C.S.1., President, in the Chair.

The Presents received were laid on the table and thanks ordered for
them.

The following Papers were read :—

1. “On the Action of Sonorous Vibrations in varying the Force
of an Electric Current.” By Professor D. L. HucHESs.
Communicated by Professor Huxuey, Sec. R.S. Received
May 8, 1878.

The introduction of the telephone has tended to develop our know-
ledge of acoustics with great rapidity. 1t offers to ns an instrument
of great deliency for further research into the mysteries of acoustic
phenomenas. It detects the presence of currents of clectricity that
have hitherto only been suspected, and it shows variations in the
strengths of currents which no other instrament has ever indicated.

1t has led me to investigate the effect of sonorous vibrations upon
the electrical behaviour of matier. Willoughby Smith has shown
that the resistance of seleninm iz affected by light, and Birnstein has
led us to believe that many other hodics are similarly affected. We
know algo that the resistance of all bodies is materially influenced by
heat. Sir William Thomson and others have shown that the resist.
ance to the passage of currents offered by wires is affected by their
being placed under strains, and, inasmuch as the conveyance of
gonorous vibrations induces rapid variations in the strains af different
points of a wire, I believed that the wire wonld vary in its resistance
when it was used to convey sound. To investigate this T made a
rongh-and-ready telephone, with a small bar magnet four inches long,
Talf the coil of an ordinary electro-magnet, and a squave picce of
ferro-type iron, three inches square, clamped rigidly in frout of one
pole of the magnet between fwo pieces of hoard. When using the
pendulum beats of a small French clock, or the voice, as a sonrce of
gound, T found this arrangement supplied me with au extremely deli-
cate phonoscope or sound detector.

All the experiments detailed in this paper were made with the
simplest possible means, and no apparatus of any kind constracted by
a scientific instrament maker was employed. The battery was a simple
Daniell's cell, of Minotto’s form, made by using three common
tumblers, & spiral piece of copper wire being placed at the bottom of'
coch glass and covered with sulphate of copper, and the glass being
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then filled with well-moistened clay and water. A piece of zine as
the positive element was placed upon the clay. Insulated wires were
attached to each plate, and three of these cells were joined in geries.
All experiments were made on a closed circuit, the telephona b;ing
used as a phonoscope to detect variations in the current and the con.
sequent reproduction of sound. The apparatus, or materials experi-
mented upon, were used in the sume way as the transmitter of the
speaking telephone of Bell. The attached sketeh will make this clear.

B is the battery, S the souree of sound or material examined, T the
telephone or phonoscope, ’ '
.I introduced into the circnit at S a strained conductor—a steetehed
wire—listening attentively with the telephone to detect any change
that might oceur when the wire was spoken to or set into trans.
verse vibrations by being plucked aside. Gradually, till the wire
broke, the strain was varied, bot 1o effect whatever was remarked
except ab the moment when the wire broke. The cffect was but
momentary, bui invariably at the moment of breaking a pecaliar
= rush " or sound was heard. I then sought to imitate the condition
of the wire at the moment of rupture by replaging the broken ends
and pressing them together with a constant and varying force by the
application of weights. It was found that if the broken ends rested
upon one another with a slight pressure of not more than one ounce
to the squarc inch on the Joints, sonnds were distinctly reproduced
although the effects were very imperfect. ‘
It was soon found that it was not at all necessary to join two wires
endwise together to reproduce sound, but that any portion of an
electric conductor would do 8o even when fastened to a board or to a
table, and no matter how complicated the structure upon this board
or the materials used as a conductor, provided one or more portion;
of the electrical conductor were separated and only brought into con-
tact by a slight but constant pressure. Thus, if the ends of the wire ter-
minate in two common French nails laid side by side, and are separated
VOL. XXVIL, : ' 2B
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ch other by a slight space, were electrieally connected by laying
::z?;g;r nail bch{een tiom,l:;md conld be repmdzllocd.. The ei_fect
was improved by building up the nails log-hut fnt:hxon. into a rquare
configuration, using fen or twenty nails, A picce of ‘sbetfl watch
chain acted well. Up to this point the sound or grosser vn-bratuons
were alone produced, the finer inflections were missing, or, in ozhe.r
words, the timbre of the voice was wanting, but in the fo.llo?'mg experi-
ments the fimbre beeame more and more perfect until it reached »
perfection Jeaving nothing to be desired. 1 found that & metallic
powder such as the white powder—a mixt.nm“(.)f ;;fxc aufl :ml—so(;l(;] :x;
merce as “ white bronze,” and fine metallic filings, introdu
:l(::an points of contact, greatly added to the perfection of .th'e resalt, —&
At this point articulate speech beecame clearly and distinctly repro-
duced, together with its timbre, and I found that nll.that now
remained was to discover the best material and form to give to this
arrangemént its maximum offect.  Although I tried all forms of
pressure and modes of contact, a lever, a spring; pressure in n..glnfm
tube sealed up while under the influence of sl.nm.:, g0 as to maintain
the pressure constant, all gave similar and invariable results, but the
results varied with the materinls nsed. All metals, however, could bo
made to prodace identical results, provided the division of the .met.—gl_
was small enough, and that the material used does not ()-!ldlw by
contact with the air filtering throngh the mass. Thus platinum and
mereury are very excellent and unvarying in their resnltf, whilst lead
goon becomes of snch high reniatunce._through oxidation npon t .c
surface, a8 to bo of little or no wad. A mass of bright round shot is
pecaliarly sensitive to sonnd whilst clean, but as the shot soon become
‘conted with oxide this mensitivencss ceases. Carbon again, from its
surface being entirely free from oxidation, is exéollent, but the best
resulta I bave been able to obtain at R[qu_n(_huv.e been from mercury
in o finely divided state. I took a oompnmtwely: porous non-con-
ductor, such as the willow charcoal used by artists for sl'te(clfln-g,
heating it gradually to a white heat and then suddenly plunging it in
mercury. The vacua in the pores, canged Ey the endden coolmg.
become filled with innumerable minute globules of. mercury, thus, as
it were, holding the mercury in a fine state of divmm‘n. 1 lm,ve_ also
tried carbon treated in a similar manner with and without platinum
deposited npon it from the chloride of platinum. I h'ch also found
similar effects from the willow charcoal heated in an iron vessel ton
white heat, and containing a free portion of tin, ziue, or other rfnslly
vaporized metal. Under such conditions the w:ﬂ]ow carhon will be
found to be mefallized, having the metal distributed thronghout |t's
pores in a fine state of division. Iron also scems to enter the pores if
heated to a white heat withont being chemically combined with the
carbon as in graphite, and, indeed, some of the best results have been
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obtained from willow charcoal containing iron in a fine state of
division.
Pine charconl treated in this manner (although a non-conducior as
a simple charcoal) has high conductive powers, due to the iron; and
from the minute division of the iron in the pores, is a most excellent
material for the parpose.
Any one of these preparations confined in a glass tube or a box, and
provided with wires for insertion in & civeuit, I call a “ transmitter.”
Reis, in 1860, showed how, by the movement of a didphragm, inter-
mittent voltaic currents conld be transmitted, agreeing in exact number
with the sonorous impinging on the diaphragm, and thus repro-
ducing music at a distence by cansing an electro-magnel, to vibrate in
unison with the diaphragm; and, with an iron diaphragm, Graham
Bell showed how the vibrations of that diaphragm in front of a
polarised electro-magnet could similarly induce magneto-enrrents, cor-
responding in number, amplitnde, and form, with the sonorous vibra-
tion, and thus reproduce all the delicacies of the hnman voice. Edison
and others have produccmriations in the strengths of a constant
eurrent by eansing the diaphragm fo press directly upon some elastic
conductor, such ag carbon, spongy platinum, &e., the varying pressure
upon these materials varying the resi ireni 4
quently the strength of current flowing. Graham Bell and othérs
have produced the same effect, by cansing the vibrations of the din-
phragm to vary the electromotive force in the cirenit. It will be
seen, however, that in the experiments made by myself, the diaphragm
has been altogether discarded, resting ns it does npon the changés
produced by molecnlar action, and that the varistions in fhe strengths
of the currents flowing are produced simply and solely by the direct
effect of the sonorous vibrations, '
T have found My sound, however feeble, produces vibrations

which can be( faken up) by the matter interposed in the electriil
circuit. Sounc utely inandible To the human ear aflect the re-

sistance of the conductors deseribed above, In practice, the effect is

g0 sensitive, that o slight fouch on the bonrd, by the finger nail, on
which thgﬂtmnsmiucr is placed, or & mere tonch with m%n—fr—.‘ part of
a fehther, wonld be distinetly heard at the receiving station. The
movement of the softest camel hair brush on any part of the board' i3’
distinetly audible. If held in the hand, several feet from a piano, the
whole chords—the highest as well as the lowest—can be distinctly
heard at a distance. If one person sings a song, the distant station,’
provided with a similar trangmitter, can sing and speak at the same
time, and the sounds will be received loud enough for the person sing-
ing to follow the second qu&ch or song sent from the distant end.
Acting on these facts, T have also devised an instrument suitable for
magnifying weak sounds, yhich I call a'microphone. The microphoni,
282
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in its present form, consists simply of & lozenge-shaped piece of gas
carbon, one inch long, quarter inch wide ab its centre, and one-eighth
of an inch in thickness. The lower pointed end rests as a pivot upon
a small block of similar carbon; the upper end, being made round,
plays free in a hole in a small carbon-block, similar to that at the
lower end. The lozenge stands vertic upon its lower support.
The whole of the gas carbon is in mereury, in the way
previously described, though this is not absolutely necessary. The
form of the lozenge-shaped carbon is nob of importance, proyided the
weight of this upright contact piece is only just sofficient to make a
feoble contact by its own weight. Carbon is used in preference to any
Sther material, as its surfage does not oxidise. A platinum surface in
a finely-divided state is equal, if not superior, to the mereurised carbon,
but more dificult and costly to construet. T have also made very
sensitive ones entirely of iron.

The best form and materials for this instrument, however, have not
yet been fully experimented on. Still, in its present shape, it is

capable of detecting very faint gounds made in ity presonce. If a_pin,
for instance, bo lmd upon or taken off’ o table, a distinct sound is

emitted, or, if a fly be confine {_under a fable-glass, we can hear the
\&lgmg, with a peculiaf Lramp of its ownl. The beating of a pulse,
ihe tick of a watch, the tramp of a Hy, can thus be heard ot least
4 hundred miles distant from the source of sound. In fact, when
further developed by study, we may fairly look for it to do for us,
with regard to faint sounds, what the microscope does with matter too
small for human vision.

It is quite evident that these effects are due to o difference of pres-
sure at the different points of contact, and that they are dependent for
the perfection of action upon the number of these points of contact.
Mor;%ﬁ'ﬂl—ey are not dependent npon any apparent difference in the
bodies in contact, but the same body in a state of minute subdivision
is equally effective. Ew ;8 a function of the mass of
the > conductor, b"ﬁ_@m&%ﬁﬂjﬁa fancéion of the molecules
of matter. How 1 it therefore that a sonorous wave cn 80 affect the
mass of a conductor as to influence its electrical resistance ?  If we
assume a line of molecules, we know that a sonorous wave is accom-
panied by alternate com ressions and rarefactions. If we isolate the
part under compression Trom the part under dilatation we vary the
dimensions_of_the mass, and we alter its electrieal resistance, In any
hondogeneous conductor of finite dimensions the effect of the one will
cxactly compensate for the t of the other, and we get no varia-
tion of current, but if wé break ap this homogeneous conductor into a
geries of minute subdivi ittout actually breaking their electrical
continaify we destroy this [n g intluence, and we render
evident the effect of sonoroub vibrations in varying the dimensions of
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the mass of the conductor, and therefore in varying its electrical
resistance, for we reduce the length of a portion of the conductor to
a fraction of the length of a sonorous wave. Molecular action alone
explains to me all the effects produced. Size or shape does not affeot
them. A piece of willow charcoal, the size of a pin’s head, is quite
sufficient to reproduce articnlate speech. I regard the action as
follows :—If we have two separate conductors joined simpl t
this contact offers a certain resistance. Now we can vary or lgsgen
the resistance by increasing the pressure, thus bringing more points in
contact or closer proximity, Now, as I employ a constant pressure on

the contact, which is exactly under the same influence of the vibra-

tions as the pointa of eontact, more points or closer proximity can

only be obtained through the molecular swelling or movement of the

contact points. 7

If we assume a line of molecules at the point of contact of the

minnte masses of conducting matter in their nentral condition to be
arranged thus:—

they will appear thus under compression :—

and thus under dilatation :—

Tn the former case the electricnl resistance would be less, and in the
latter case mare_than in the normal condition. Hence we should get
variation in their electrical resistance, and thus sonorous waves could
vary the strength of an electric current, and the variations of the
electrie current can be made to reproduce sonorons vibrations. These,
however, would only produce the result in a certain line, say horizontal;
but those perpendicular, while producing the ‘same result, would be a
half vibration behind, and thus if two contacts, the one horizontal and
the other perpendicalar, were on the same piece of charcoal and the
conducting line joined to both, we sghould have interference. The
contrary takes place as the more contacts we have, and the more
varied their direction on the same, the louder and purer the sound
becomes. Hence there is o interference, and consequently the whole
mass must gwell and diminish_equally in all directions ab the same
instant of timd.

The tube transmitter, which I exhibit this evening, consists of an
exterior glass [tube two inches leng and one quarlér of an inch in
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diameter. In it are four separate pieces of willow charcoal, each one
quarter of an inch long, and {wg terminals of the same material. The
terminals are fastened in the tube, and conneet exteriorly with the line
angl interiorly with the fonr loose picces, thus:—

Here A is wade to press on B, C, D, IS, F, and G, until the.miﬁt-
ance offered to the electrical current is about one-third that of the
line upon which it is to be employed. It may be aflached to s resonant

board by the ends A or G. If the result was simply due to vibrations,
we should have A and B making greater contact at a different time

from F and @, and consequent interference. If it was a simple
shaking oF moving of B, C, ), E, and F, it could produce no change,
as if B pressed more strongly on C, it would be less on A, nnd also if
the tube was attached by the centre we should have no effect ; but if
the effect is due to o swelling or enlargement-of B, €, D, EF,it
would make no difference where it is attached to the resonant hoard,
as is actoally the case. Again reduee the pressure of A upon B, &o.,
until they are not in conlact, and no trace of current cau be perceived
by shaking the tube. The instant the sonorous vibrations pass in the
tube there is electric contact to a remarkable degree, which could only
have taken place by the molecules enlarging their sphere under the
influence of the sonorous vibrations,

1t is impossible o say what can be the applications or the effects of
the dmmvmm]ﬁHan hefore the
Royal Society, for the whole question has been studied with crude
materials, and scarcely suflicient time has elapsed to enable me to con-
sider its ultimate uses, I do not desire to assert that there is any-
thing in what I have brought forward that is superior to or equal to
other transmittors used for telephony. IT is as lond and far more
sensitive than any I have yet heard, and it may be increased by multi-
plication of transmitting contacts in quantity or intensity ; the loud-
ness is at present limited by the capability of the receiver. The mate-
rials at my disposal, and the arrapgement of them, have not yet been
sufliciently studied. 1 only wished to show that it is possible to
transmit clear and inlgiliggg_t_,miggln(g_ gzeﬂ, and to render andible

1878.] Dr. H. Watney on Minute Anatomy of the Thymus. 369

sonnds which have hitherto been insudible by the mere operation: of
sonorous vibrations upon the conducting power of matter. :

. My warmest thanks are due to Mr. W. H. Precce, electrician to the
Post Office, for bis appreciation of the importance of the facts I hiave
stated, and for his kind counsel and aid in the preparation of this
paper. \

“Tdo not intend to take outa patent, as the facts I have mentioned
belong more to the domain of discovery than invention. No doubt
inventors will ere long improve on the form and materials employed.
[ have already my reward in being allowed to submit my researches ta
{he Royal Society.

II. «Note on the Minute Anatomy of the Thymus” By Her-
© pERT WATNEY, M.A., M.D. Cantab. Communicated by
Dr, Kuemy, F.R.S.  Received April 8, 1878,

The thymus is composed of lobes, lobules, and follicles.

Each follicle consists of a cortical and a medullary portion; the
medullary parts of two neighbouring follicles are often united; and
at one point, therefore, the medullary portion may extend through the
cortex of the follicle; in some follicles the. medullary portion may be
found in the form of two or more islands situated in the interior of the
follicle. '

The folliele is composed () of a reticulum of nucleated cells, and (b)
of cells; the reticulum forms an adventitia to the blood-vessels.

The cells forming the reticulum in the cortical part of the follicle
consist of a disk-shaped nuclens, a cell body very little larger than
the nuclens, and of very long, fine, branching processes.

The reticulum of the medullary portion is composed of cells with
coarse; shorb processes; the body of the cell is more than twice, or
even. three times, as large as the nucleas, and contains one, or at
times, two nuclei ; in places, large protoplasmic masses are met with,
forming part of the reticulum composed of two or three cells united
together. There are also found in the medullary portions, in certain
states of the thymus, conneclive tissue trabecale,

The ecells ave of four kinds:—

(1.) Small cells, resembling the lymph cells of a follicle of a

Iymphatic gland, Staining fluids sct differently on these cells i the
cortical and in the medullary parts of the foilicle.
. (2.) lLarge granular cells of various sizes; many of them have long
processes by which, in some cascs, they are attached to the trubeculwe
and to the blood-vessels: these cells contain one or two nuclei, and
Lielp to form (partly by & process of vacuolation) the concentric cor-
puscles of the thymus.
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Miscellancons Notes.

§ 183, The following notes of salts which have not yet heen
fully examined may be useful.
v Eyanide b Potassin, ns o cryogen, gives a lgmiperature af
—2191, The crvohydrate forms at — 332, with a carbonic-
acid and-efher cryogen.  Compare § 170,

(Leadate of S forms 2 cryohydiato at — 19-7 €.

J‘;ll)])'())'('ll NE Cryngens, the following fempe afures were
obtained Trom 1he corresponding salls :—

Chloride of culmiam— + . . = 83 C

A () 3 7
Cileale of sodimm . . . 4 —11°3
Acotato of ealeinm . . /. —1 '8
Chloride of cobalt .
" manganese <, .

Those of these badies which evolve hieal on mixture with waler
would, when cooled, depress thé temperature more. Thus the
chloride of manganese seareely showed signs of a cryoliydrato
at =400 L. / C
Forwats of

Saoddinin, ag'a cryogen, gives — 1423, A con-

centrated solulion hoegmes semisolid at — 112, but does not.
hecome onaque or gompletely solid in s l{-tce eryoge
pait e yompletely s 1 o sall-ice eryogen
—l ). /

Tannie Aeid, 54 eryogen, gives — 1740,

Sulphirons Agid givesa eryoliydrate af —1%5.

Boracie Acid as a cryogen, gives —078. The eryohydrale
forms ar —077. '

Arsenions/ Aeid —The eryogen slands at — 073 ¢ the eryo-
hydeate fofmed al =075, Two samples of ihe melled aml
liquil t-r‘&»h_\‘dl‘;sln wore sealed hermelically.  Alter two or
three days il was fornd that o consierable puniity ol a fine
white powder liud exhibited itsell,

[T be continued. ]

V. Onthe Physical Action of the M icrophone.
Ty Prof. Huenes.”

J-N the paper read on The Ml of May hefore the Royal

Society, | gave a general Buthne of the discoveries T had
made, the materials used, and he forms of microphone cm-
ployed in demonstrating important points. 1 have made a
great number of mierophones, each for some special purpose,
varying in form, mechanieal arrangement, and materials. It

¢ Communicated by the Physical Sociely, having boun pead June 8y 1578,
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would requive foo mueh time to deseribe even a fow of them
and #s 1 am anxious in this paper fo confine mysell Lo general
congiderations, T will take it for gramted that some of the forms
of instrnment and the results produced are alvendy known.

The prablem which the microphone solves is ihis—To in-
troduce into an clectrical eivenit an clect vica] rosizlanee, which
yosislance shall vary in exact accord with =onorons vibrations
<o s (o prodiee an undulatory current of clectrivity from a
constmt. sonrce, whose wave-lengih, Neight, and form shall
he 1 exael representalion ol fhe sonorous waves. In ihe mi-
erophione we have an olociric conduneling material suseeplible
of heing influeneed by sonarous vibrationg s mul thus we have
tho firsh step of the problem,

Mo gecond hep is one of fhe highest imporfance: it is 05—
wential thal e electrical cavrent fowing be thrown into waves
of determinate form by the solo action of the sonorons vibri-
tions, 1 resolved this by ihe discovery thal when an electric
conducting matler in a divided state, cither in the form of
powder, lilings, or curfuces, 3s pdowuder acertain sligght pres-
cure, far less than thal which wonld produee cohesion amd
more than would allaw it to ho separalal by sonarous vibirn-
fions, the following slale of things ocenrs.  The moleenles
al {leso surfaces being in a comparatively free slate, although
cloctvically joined, do of themselves so arrange heir form,
{heir numher in eonlact, or their pressire by inerensel size
or orhil of revolution) that the increase an deerense ol elee-
irical resistance of the eireuit is alferal in a very remarkable
manner, so ineh o as to be almost Gabolons,

The problem heing solved, it is only necessary {o ohserve
certnin general considerations fo produee an endless variely of
micraphones, each having a special vange of resistance.

The brwnp of a fly or the ery ol an inseel reguires liltle range
bt great sensitivoness 3 and two surfaces, therefore, of chosen
materiale under o very slight pressore, cneh s e mere weightl
of a emall .~'u]wr|mmw| conductor, suflice 3 hul it woull bo un-
cuitable for a man’s voice, as the vibralions woull he {oo
powerful, and would, in lact, go =0 far heyond the legritimate
range al infercaplions of contach amonnting to the well-
known * make and break ™ wonld he produeed.

A man's voice vequires fonr snrfaces of pine elinreonl, ws is
deseribed in -my paper (o the Royal Society, six of willow
chareaal, cight” of boxwood, and “ten of gas-carbon.  The
offeets, Tinwover, are far superior wilh the four of pine than
with eiflier the {on of gas-carhon or any othier material as yel
nsed. T4 shonid be noted ihat pine waad is the hest resonant
material wo possess: and il preserves its stracture and quality
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when converted into the peeuline charcoal [ have discovered
and deseribed.

1t is not only necessary to vary tho number of surfaces and
materials in accordance with the range and power of the vilira-

tions, bul these snrfaces and materials must b pul under more

or less pressure in accordanco with the forco of the sonorous
vibeations,  Thus for a man’s voice the surfaces must be
nnder o far, grealer pressure than for the movements of inscels,
Still the rango of uselul effect is vary greal, as the hoxes
whielt I have specially areanged for man’s voiee are still son-
silive la the tiek of a waleh,

In all eases it chouhl boso arranged thal o perlect andu-
latory cnreent. i oblained Trom e sonorons vilirations of a
certain rmge.  Thus, when speaking to a microphone irans-
mitter o human speccl, o galvanometer shonld bo placed in
the cirenit, and, while speaking, the needle shoull not be de-
flacted, as the waves ol + anl — eloctricity arve equaly and
ara too rapid to disturh the necdle, which can only imli(‘::k H
general weakening or strengthening of fhe carrent. 1 the
pressure on the materials is nol sufliciend, we shall hawve & con-
stant suveession nl: u!.h-n'ruplimls of contacl, and the galvano-
melor-needle will imlicate the facl, 1 the pressure on the
materials is gradually increased, the fones will he Tond but
wanting in distinetness, the galvanometer indicating inferrip-
tions; as the pressare is skl inercased, the lone bucomes
clearer, and the galvanometer will be stationary when afmaxi-
mum of londness aml clearness is attained. 15 the pros&ure bo

further inereased, the soumds hecome weaker  though very

clenr 3 amd as the pressure g still further aagmented e
cotmnls die ot (as 10 the gpeaker wore lalking and walking
away al the same time) uatil o poind is arvived at where there
is complete sileneo.

When the microphone is fixed to o resonanl Toard, the lower
contact should he fixed to the hoavd, o lat the sonorons vi-
brations act directly on #. The upper contacl, where the
pressure is applicd, shoukl bo as {ree as possible from the in-
fliuence of {he vibrations, éxeept those direcily Iransmilied to
it by the surfaces underneath 3 it (the upper surface) should
lave its inertia supplemented by thal of o balanced weight,
This inertin 1 find necessary to keep the contact unhroken hy
wowerful vibrations,  No spring can supply =the required
mertia 3 but an adjustable spring may bo used Lo ensure that
the comparalively lieavy lover shall duly pross on [he contacts.

The superposed surfaces in contact may be serewed down

by an insulated gerew passing throngh them all, thas doing .

away with the Tever and spring s bul this arrangement is far
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more diflicult to adjust,and the expansion by heat ol the serew
TUISUS L VATYINgG pressure, 1t ig exenedingly gimple, howeser,
easily made, and illustrates the theoretical conilitions hetior
than the balaneed lover 1 have adopled in practice.

Tn order 1o study the theoratieal consiterations, il that with
the most simple form of mierophane frocd from all surrounding
mechanisms, lek us tako aflat picee of charcoal 2 millims. thick
and L eentim. square, and, alter making electrieal contact by
means ol a copper wire on ihe lower surlface, glue that fo x
cnall resanant hoavd or, betler For the purpose of ahseryvalion, fo
a bloek of wood 10 contims, square, Upon (s snporpose one
or mare similar hloeks of charconl, the vpper surfaes in com-
muanieation with a wire, the Towermosth surface resting [lad, or as
nearly so as possible, on the lower hlock,

The yvoquired pressare is
put on the npper hlock 1 aned
while in this state the fwo
may he fastened together
with glne ot the sides, or,
Better, by s insalated serpw. i
The pressure can then be _le
removed, ng the serew or L
glue equally proserves the
force. Lot the lower picce be callad A and the wpper B
when we subject this bomd Lo sonorons vibrations, we can-
nol imagine an undulatory movement of Al aetual wave-
longtl in such o mass, hal s 2 longth comparable with the
real wave-lengih of the sonorons wave, which miay be soveral
fenl,  Nor ean we fmagine o wiave ol any lenzih \\'i“mul’.
admitting that the foree must e framsmibied from moleenle to

molecule thronehont the enlive lengdh s thus any partion af 2
waven of which this hloek represents a fraction, wust he in
wolecular aetivity.  The lower portion ol ihe charcoal A,
Leing part of the hlock fteell, Tine this moleenlar action
ihranghont, Cransmitling it also to ihe upper block. How is
it that the moleeular action at the surfaces of A and 1 oshonld
so vary Hhe conductivity or eleetrieal resisianeo as to dlirow it
inlo waves in the exacl form ol the sonorous vilirations 7
11, cammol e beeause it hrows up the apper portion, making
an indermitlent enrrent, hoemuse the upper portion is Fastened
{0 the Jower, and the galvanomeler does not indicate any in-
{erruption ol current whatever. 1t eannot be ecause the
molecules areango themselves in stratified lines, hecoming
more or less conductive, as then surlaces would not be re-
quired-—that is, we should not require discontinuity hetween
the blocks A and B3 nor would the upper surlace 1o 1hrown
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up il the pressure bo remaoved, as sand is on a vibrating glass.
The throwing-up of this upper piece I} when pressure is ro-
moved proves that a hlow, pressuro, or npheaval of the lower
portion takes place : that this fakes place there cannot he any
donbt, ns the surlice, considerad alone (having no depth),
conld not bodily quit its mags.  In facl, there must, have boen
i movement to a cerlain depth s and 1 am inelined fo helieve,
from numerons experiments, that the whale hlock inereases
and diminishes in size al all points, in the contre as well ng
Ihe surlace, exactly in accordance with the form of the sono-
rons wave. Conlining our atiention, however, to points on
A and B, bow ean this inereaseld molecular size or lorm pro-
duce o clumge in the elechrienl waves?  This may happen in
fwo ways s—gival, by inereased pressire on Ale upper surlface,
dne fodls enlargement - or, serond, the molecules thomsoly 08,
finding a cortain resislance opposed Lo their upward niove-
menl, spread themselves, making innumerable fresh poinis of
contact,  Thas an unduladory currenl wouli appear (o be pro-
duced by infinile change in the momber of fresh contacls,
Lam inelined foholieve thai hoil aclions ocenr: bat the labfer
seems to me the brue explmation ; for i the firsh were alone
truey wo should have o e greater elfeel from metal powiler,
earbon, or some elastic conduetor, sucl oz meiallized silk, than
from gold or olher havd imoxidizable watter ; but ag the best,
results as regeods the hmman voice were oblained from fwo sir-
frees of solid goll, T am inclined 1o view wiith more fvour
the idea that an inlinite variety of fresh contaets hrongli. into
play by the moleenlar pressure aflords the e oxplanation,
At Jas the advantage of being snpporied by ihe nnmerons
forms of microphone 1 lave constracted, in ail of which 1 can
fully trace the efleel.

I lave hoen very mueh stroek by the gresi mechanical
loreo exerted by 1his nprising of the moleenles wndor zonorous
vibrations.  With vibrations from a mmsical box 2 feet in
Tengih, T found that one ounce of lewd was nol sullicient on a
surlace of contact | contin. square to mainkain constant eon-
fact s mwl i was only by removing the musical box fo o dis-
tanee of several feet that T was enabled o preserve continnity
of enrrenl with o moderate prossure, 1 havo spoken lo I'nrl:y
micraphones al once 3 and Aheg all seemed 1o vespond  willy
cqual force.  OF conrse there must ho 2 loss ol enorgy in Lhe
conversion of moleenlar vibrations into oloctrienl waves ; but
it is 0 small Ahat I have never been able to measure it will
the simple appliances af my disposal. I have examined overy
portion of my room—wound, slone, metal, in fact. all parts—and
even a piece of india-rubber : all were in moleeular move-
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ment whenever I spoke.  As yet I have found no such insu-
fator for sound as guita-percha is for electricity.  Caoutehone
seems to be the hest; but 1 have nevor been able by the nse of
any amount ad my disposal to prevent the microphone repori-
ing all it heard.

The question of insulation Ins now hecame one of necessity,
as the microphone has opened to ws a worlkd of sounds, of the
existence of which we were unaware.  If we can insulate ihe
instrument o s to divoct its powers on any single ohjeel, as
ab present 1 am able to do on a moving fly, it will be possible
to investigate (hat object undisturbed by fhe pandemaninm of
sounds which at present the microphone reveals where we
thonght. complete silenco prevailed.

Ihawve vecenily made the following curions ohservation =—
A microphono on a resonant hoard 1s placed in a battery-cir-
enit Aogelher with fwo telephones,  When one ‘of {hese is
placed on the resonant bonrd, a continuons sound will emanate
from the oiher.  The sound is started Ly the vibration which
i5 imparted o the board when the lelophone is placed on il ;
thix impalse, passing through the microphone, scels hath fele-
phonealisks in motion; and the instrnment on (e haard,
rescting throuzh the microphone, cnnses & continuons connd
to hie produced, which is permanent so long as the indipen-
dent current of olectricily is maintained throngh ihe niero-
phone. 16 follows that. the quostion of providing a velay for
the haman voice in felephony is thus solved.

The transmission of sonnd throngh the microphone is per-
feetly duplex; for if two correspondents wse microphones ng
fransmitters and telephones as receivers, each ean liear the
other, but his own speech is inandible ; and if each sing a dif-
ferent note, no chord is heavd,  The experiments on the deaf
have proved fhat they can be made fo hear the tick of a watel,
It not, as yel, nman speech distinetly 5 and my resulis in
this direction poinl to the conclusion that we only hear onr-
selves gpealk throngh the bones and not thraugh the cars.

However simple the microphone may appear al fivst glanee,
il has faken me many months of nnremitiing labour sl study
Lo bring to its present state throngd the numerons forms each
suilable for a special ohjeel.  The fiekl of uselulness Tor it
widens every day,  Sir Henry Thompson has sneceeded in
applying it tosurgical operaiions of pread delicaey s anl hy ifs
means splinlers, hallets, in el all for cign matter, ean he ot
ones defected. D Richardson and myself have boen experie
menfing in e and heavl-diseases ;5 and althongh the applica-
lion by Sir . Thompson i< more successlul, [do not donlil,
it we shall ullimately suceeed,  There is also Tiops {lint
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deafness may be yelieved.  For felephony avliculation lias
biecome perfect, and the londness increased. Duplex and mul-
tiplex lc‘: raphy will profit by its use 1 and there is hardly a
science, where acousties has any divect or indirect relation,
which will not b benefited.  And T foel happy in heing able
to present this paper on thie resulis oblained by a purely r»l\_\--
sical action to snch an apprepriate and apprecintive body as
the Physieal Society.

In conclusion, allow me fo state that throughout the whole
of my investigations T have nsed Prof. Dell’s wonderfully sen-
sitive telophone instrnment as a veceiver, and that. it is owing
to the dizcovery of so admirable an applianee that T have heen
enabled fo commence and Tollow np my reseavehes,

YL O o Cause for the Appearance of DBvight Lines in the
Solar Spectyion, By Rarnarn Menporas, F0LAS, FLOS,,
)

I)‘l“.

N July 1877 Professor Henry Draper showed thal oxygen
A (probably) nilrogen ave present in the sun’s almo-
spliore, the spectral Tines of these gases appearing as bright
Imes in Ahe solar spectrum.

The photograph accompanying Professor Draper’s paper f
shows that the oxvgen-lines arve bright, although not conspi-
cuously go, npon 2 less-lnminons hackgrownd,

The discoverer of this mosl important. fick in ol chemistry
does not offer any complefe explanation of the exeeplional
hehaviour of the lined of these elements, bot remarks that < il
may e suggesiold that the reason ol the non-nppearance of a
dark line may be it the inensity of the light from a great
thickness of igniteld oxyuen overpowers the effeet of the pho-
tosphere, jusl ss, i a0 person were Lo Jook at a candle-flame
throngh o yurd thickness of ignited sodinm-vapour, lie would
only see brighl solimn-lines and no dark abserplion-lines,
OF conrse such an explanation wonld necessitale the hypo-
thesis thal fgnited gases suelias oxygen give forth a relatively
Frge proportion ol solar light.”

The oxygen-speetram yeferred to in the aboveanentioned
paper s the well-Enown “line spectrom 7 geen when powerful
distuplive spavks pass theough the gas,  Dr. Schuster”has
reeently snececded in oldaining a second or “componnd ¥
gpeclrum ol oxygend, the lmdamendal lines of which Jie bas
* Commumicalud by the Author

Nuture, volo avi. po 364, Aognst 30, 1577,
Nature, vol, xvii, p. 148, Docenher 20, 1877,
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shiown with considerable certainty fo be present as dark lines
in the solar gpectrum. )

Sinee the publication of Professor ])mnur’s discovery, |
lave given much attention fo the consideration of a cause for
the apparently anomalous brighiness of the oxygen-lines ; and
in the present paper I ventura to advance an explanation
which hag recommended itself as being worthy of notice, not
only beeause it offers a reconciliation of the known sr?lur'spe('-'
tram with the generally aceepted views of the eonstitution of
the sun’s atmosphere, but likewiso heeanse 1t furnishes a sog-
geslive hypothesis for the attack of many other obscure prob-
lems in solar physics.

1. 1 shall throughont (his paper congider it fo e established
that the gaseous envelopes surrounding the sun anceerd cach
other in the following order, commencing willy the lowest :—

1. Photosphere,

2. Reversing layer.

3. Chromosphere.

4. Coronal atmosphere.

1 also assumo the trath of the Typothesis, first advanced by
Jolnstono Stoney *, who showed, from purely theoretical con-
siderations, that in the sun’s almosphere the various clements
must extend to heights which ave, Troadly speaking, !lr\"--m(-ly
as their vapour-densilics,  This view hag, in my ln-||’(~.‘l, hm;}l
substantially confirmed by subgequent observation. s ni-
fragen and oxygen, having the respeciive densilics 14 awd 16
(I1=1), woukl extend to a greal height in the salar atmo-
sphero, rising above sodium, caleinm, and nagnesiom, and
having exterior to them the unknown substance giving the Dy
line (ﬁnlium), hydrogen, and the clement giving the coronal
line “ 1474, ) .

2, Two suppositions ean be made concerning the sun's tom-
peraturo.  In the first place, il may e assimed {hat the
{emperature is so enormaously clevated ihat no chemieal com-
pound is anywhere eapable of existing in his atmosphere s in
ather words, dissociation may he considered fo be complete,
In the nexl place, it may be supposed that the femperature
falls oft suflliciently at some region of the onter porlion of the
aun’s atmosphere for certain chemieal combinations to tako
Place. . :

3. Let us first assumo that the temperatnre of the sun is so

* Trac. Roy. Soc, xvi. p. 25, and xvii. p. 13 Phile Maz, Angust 1863
Monthly Notives oy, Astr, Soe. Dee. 18675 Bockyer, Phil. Trans 1874
vol, elsiii. p, 205,
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