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Lii(Ehese igxperiments wexe frequently nepeated with similar
xegilts; and every precantioniwas taken to gnard against exxor.
dabisaitied much. greater. velogities;ithan, thase given .above,
Which. 1 I rejected. -partly becsvad L conid; not count -thewn,
and partly because the resistance of the air began seriously to
.affect. the results, ., J61h OF Sttt o L ' S
| . Some:allowaace should he, given tq the wire magnets; for
. whilé the ‘weight: ofl jrom-in them was little more than half
-that.in theothers, thein bulk and, consequently, the resistance
«of the. air remained the same.; . . coe
«1 wIihe sparks and shocks, om breaking the battery circuit,
owere hardly sensible in: No.1; twice as great, at least, in
(INo. 2 and 3 ; in No. £ thay were a little greater than in No. 3 ;
1-but by far the mast,brilliant and powerful in No. 4. .
=" ] intend to make another engine soon, and shall congtruct
./itsiinagnets of wires dxawn from'rectangular holes; if I have
11mjoxe saccess with it than 1 bad, with my last, you, shall hear

from me again. o5 Lo v 0w Ty G s
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" ISPV, Upon Telegraphic communication, especiadly: by means
o i of Glalvanism. - By Dr. Sreinait, Professor of Ma-
1o “thematics and Natwral Philosophy, at/the Unwenrsity
(}‘1] '-éfl Munich, &C.&C- '&c.. oo d gl bl e e
S A I A B S IR s B AP TE TR SR
ni |{Pelegraphic comimunication may initscmest general sense
be defined as the method employed by one individual to.zen-
olde? Himself intelligible to others, and being, whes viewed in
o14his light, synorymous with intercourse.is no-huyman discovery,
but one of the most wonderful gifts of nature, .not:te man
.aloné, butin commaon with him to all social creatures is granted
sthefaculty of communicating his sensations to others, and of .
exgiting in them condjtions similar to his own. Commnmnica-
tion is the most powerful tie of the living creation ; it eonnects
one individual existence with another, reproduces in one what
ja. . granted to all, thus forming out of individuals,, species,
which in their turn present themselves as organic heings.

t - ¥ Translated from the German by Julian Guggsworth, = .
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nobhere is assuredly nothing ih natufe%(ﬁ@%ﬁldu?dteiﬂxb‘éall
forth,our admiration than' the contempldvion 'of\the vidtiety of
thel maans emplayed:: for- attaming this wuteal htelifgeird!
Krom the undeciphered hieroglyphie sigrisofisksetds 4t n;g
camplicated spedehiiof man-we observeia''serids! éf the ¥ios
varied'possibilities of Jelipiecal iritercourse! 18 ihaty HoweteH)
this gift of nature hasattained! anaxtonisking dévelopmeit] 4
development which in«the form of speechrand: wiiting Kee
pape With: the merch of his'imphevement;'a development 4o,
whigh,;as.in the case of that fmpriogément itvel o ‘absolatd
limits are assigned, and whichiequall y with€at! P provement
will struggle: against thosesfundameéntad shdekles of -mavtét)
time -and space. till it extends them rfied ~though' they’ be,
up: ipthe junchecked ramging: iofnmind! " Avid ’-gs“w‘r}rr;ig?
lays - shackles on the passing-idound"and -rédeems it ftof'
fleeting :time, so in like madhérvare theé remotest dis”
tances to De annihilated and thoughts ‘to: be intercharge
inan instant with: those afar:: The:means-of accomplishing
this- do: 'not -however ‘lie .directty" withiiy ‘éur' reach: birt!
by the patient observance, of the powerd #htl the phenothéid’
of nature we rerder these subservient toruws gnd meke thém!’
the bearersof our,thoughts; and-ituig thid task 'which' iy lypad
ordinaryisqeeptationtof the wordis termed telegraphie” cony?
mu’ﬂl m 1t Lem =0 b o s ;'"’1134-'".1 f’iil.‘ LA e ((-,:-;qma

«Im works:that have appeared,!connedted wit-hi'{hisi's"ﬂb‘![
ject, we see that the natural phenomend thus:applicable {o/tBES
traagihissiomefithoughts to remote distances are by/nd tiitans
fow innumbeni:.: YWe kkewise at the.same ‘timeé:observe’ that®
the cheiee of tha=ignalg, tepresentatives of the ideas we trans-d
mit, admits,of much varietys At maust; however, beiéoﬁ*fé‘s’sigﬁ
thatmope,af thesproposed plans appear-to dhiount o 4nble!
thanAimply disedventes, and seem never to have origitted 1!
a Jpading fundainental idea of what eonditions’ & ik ksih 4] !!
and indispensable to have in view. It haskitherto beecebn10
sideredsutficient; ta add -another new! Jossibie meany af! gopil!
responsing ta those.already known, without exatnisirigwhethef |
therg as® Inet yet- other methods better suited rtwhewpég&@s
and.efgreater simplicity. - The mnore advisible dottew ﬁd
be te establish:at the:ontset whatconditionsage indispetis
in cpmplete telegraphic commurmoation and et {6 Wﬁ
withhamyldiffietldtios -with, which the practical’ application /9fo
the,scheme ey be /boset,for:in. most: cuses! thes meehod: 0!
caryyingh platl intp. effect suggests itself to as/ ds d6or helwe!
formia dlear idensof wheti we.dwve in:view: - Lét tstiok mdke!0
thg'(éﬁﬁmto Bl 31 tO alvilie & s s 01 SOr S W STW{’
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| If,Y‘;hqt 5 Wi8 BIRPGSe . &0 Attain l})y_v telegraphite: cm}muiedﬁon
15 the:{ransmizsion of lideas; with  thelitmast wapidity et all
timesand o Ruy distanice 3 and:whensthb distances are:! byt
raie shis problem.is et ance completely solvediby wpesehl
%S}HBQ, forymore congiderahle distancedondthing ol 1162
‘W:}’}%da thag, Mlﬁ't. the . telegraph should: jaxtate. bpeeqhi- 1By
appRars 1o be, evidently, moti it Heshortestd way ito imdlia ehié
ggmeph. imitate au. anperfeot:aneshiod: of> commanigation!
he, signs for. instance madqmsecad by thesdeaf iand, idumbys
i, should be made te cepyothennost! fenfect of all metholls f
aemunication rgpepehy i sybidbithe lsound as it falls on 'thg!
egrof itself arvests; thig nttention;land 1$'at-onse understoedi!; ¥
"oAt the first, blysh, this (appeats to- be'a ivery difficuitstashk(}
ii;mxm’qcl; as pral communigatiow has such different scunds at’
it}q(dx‘sposal, and is hencd enabled to convey notions by means!
of g few combinations : :and thisdifficulty no former anange.’
ent.of the telegraph has:bedn tompletely able to ‘surmount.’
ventars previowste; (Gauss:were bent on producing & vast!
nymber. of distinet: signals; without: reflecting: that: this was
oply to.be attained a$ the cost of simplicity. - It escaped thém
that a rapid communigation is td:be-attained by other nitanso
besides aimulsiplicity, af signs)and -thatinpoint of fasebne
ingle sign, if it cah he repeated with sufficieatrapidiry sndo
employed in groups properly combined, is all that weorbeuire
Ingper. to; explain, this L isheuld, wishd todeméroupuh the
ay iysis of our ,Writtetl: language.:.: |15 oy I.r.d} 997 9°H (399]
eiﬁsﬁ et the great Roman letters. fozi thispuiposeis Fhey!)
copgist,of six different. signs, masaelyd sthhighitolige!in Hfoist
positions, horizontal, perpendicular; stopiag-fiomlefe toivight;
apd from right to,left, and.lastly asemivirtletukned o the'
right, oroleft.;. Of these six; different sigmpmgevét tore thamn!!
for jarm; metrwith in the same letter; azinMoand Wi New!!
1 f(\iﬁ caljate how. many.d.fferent: lettors may b foxmedoat
o

3 .

gs@.Sid 6iguw; meser nking above four of thédsKowever §i's
the 538 graup: we! linel|the-number amownts tonoféwer thah !
1534, wheveed weserpoide, but - 25.. - 'We seecfton thisegeo1
angp) Thqusmh Imnre nwnerous than:the ¢ase called fov hay fs
b ?&beoamaunﬂ of signs employed in our written languagel 15
ﬁi‘eﬂi?wmsuppem tthiat we have. but two kinttsi bP sighed
ang 86 if thesearamotquite sufficient for jacomplote peries:-’
ofyletiers.- kst the gigns be as simple:aspessible, el @idéb
foy instanse; ang les-them. be distinguished by theirspesition;(:
that i3 tq.say,-by ones being always.en o higher Hak thudihe
othar.« Now.if it was.an understocd tiimg thatsin wwdh sigiot
there was not to be more than a single dot, it is clmrttere:!:
could be but two signs; if two dots might be united in the
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same sign, four more new signs would have to 'be adiled tovhe
two above, giving in all therefore six differetit signs!"’ A ssuhity
that three §$ts, but no more, might be combined: for one sivn
we should get eight in addition to the above, kg therefdte
in'all fourteen distinot: signs: --Supposing,’ in' fie, tha¥ foer
dots can-be united: for: bne sign would give us sixteen tidre
signs, making in-all therefore thirty, & number quite enrough
for giving not only ‘all the letters:but the' numerals as’ well.
Two signs may however 'bedigpensed with, if instead of a
second sign & quick repetitionl of ‘& %ingle ‘onklis employed.
Hence we see that one sign; & dot for mhstance, enables us to
render writing with greater condigsenéss'than by'the use of the
various signs we ordinarily use § and what oxe dot is as the
simplest sign for writing, one sound is for speech. By repeti-
tion and by combination we may by habit form a langudge
intelligible to the ear. SR RPN
We are now therefore enabled to'state the conditions which
a telegraph of the simplest possible constiiction must' futfl.
It need communicate but a single $igm but must give thdt
with the utmost rapidity. If it was besidés to be got up in
the most convenient method this sign shbwld be made andibie.
- Let ws now emrquire in succession to what natural phenonresia
we may have recourse inorder to make this single sign aswe
have deseribed:: 1 1 . S "ok
- Light is enly partially applicable to this purpose. Its:tfani-
wission may; it 'is trus; be considered as infinitely rapid, but
we shall never be able to make it afféct more than our sﬁgm
Moreover owing tothe straight path it takes and the spheriehl
shape of the earth, there are certain limits beyond which its
“use is riot applidable- A telegraph whose signals are founded
-on the wse of light van therefore only communicatbwith other
"gtations when the attention of the observers at thdse stutioas
#is drawn 1o/it, when the distance does not exceed ‘a-tioderate
: number of mites; and when the weather!is' fivourable! 2 Nok-
: withstanding these very confined limits'ittiposed ot its Ubeothe
telegraph as constructed by Chappe has met with & favourable
reception, and since 1793, when the first telegraphic line' vwas
~established in France, been very generdlly adopted” i1t is
- remarkable that-all the improvements proposed 'ty be:mMade
“4m it should be but of minor importance. * But: althoughishe
¢ principal defects; common to optical telegraphs; camvot of
+ pourse be got over, yet it strikes me to be capable of 'befag
considerably improved. I shall here confine myself to the
'fo}lowingn.n e C T
- 'Fhe first thing must-always be making the communicatiohs
as rapidly as possible, and there are two methods of redacing
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Ahe timemequired, for this. It can be ,brought about by steno-
Sraphis contraetions, in ather. words, by the introduction;of
(pymerous signals, but the employment of a few of whichiany
Jflea may be rendered.. The same ¢an. be also attained by

Aimigishing, the time required for giving the signal, and: thas
.ApReaxs. the preforable method. ., All the motions.of leng
dayiers, Qf which, gur, telegraphs,are-cdmposed, and of which

.p grder to be sean ut a. distance they must always consist, -

Jequire .considerable time, in ac¢ordance with the laws. of
dypamics. .. Hence it wonld. he :well to retain the present
,‘,tpgcha.mcal arrangement of, the telegraph no longer The
.pmoposal. of. Gauss, to whieh, he-was led by bis experienice in
.he transmission of signals by means of the Heliotrope, appears
tp.ne to be capable:of being employed .in practlce without
»dlﬂiculty T N TTR A LT SRS '

It is well known that a glass mirror of not above a qu

(Square inches in size, appears #o the naked eye like a star at’

the distance of .five and . twenty miles and upwards, when: so
sdimected as to show an: observer part of the image of the. sun.
«Fog the time there is no sunshine, duringthe night, er when
the weather, is, cloudy for instance, recourse may. be had. to
sthe glare produged: by, diracting .the fame of hydrorexygen
~gasmpon lime. . The gignals would consist of flashes, pre-
duced by turning or covering the mirror. This arra.ngemont,
-@more fletailed accomnt.of which in this-plpee - wonld detain
148 too leng, would present the advantage of \giving; the signs
with great rapidity. - If is easy to. distinguish six 'separate
ﬂasheq «of light in a segond, and which on their dtsappearance
«Jeava. @, porresponding impression. on the emory, 8s is the
I,chsa Mmith tones.. in rapid succession.. We gould therefore give
184 deast, thirty. signs by means-of flashes, while, one -is: now
= @iven.by.the telegraph. There would furtheribe thie additional
a,d\f,mmge of dispensing with telescopes, and, what .appears
-foheof still mesa inyportance, only the observers at the stations
ool netice anything, of the signals. I donot -however deny |
o et these; a@vagmages.are more than balaneed by msurmount-
aﬁbl&d@feﬂm- atad et e
i 1If we wish to,cany on telegraphlc correspondence wuhout
obhamattention of those at the other stations being previously
2648lind, we are compelled to affect the sense. of hearing, whese
dmpressions. are..alane .constant, and which, .withia certain
hm;ts,.allaws us hberty of motaon and _pesmits. us:to. ‘oceupy
)I“hf;l!\',' “,l/‘lrﬁ’!
* For a detalled descrlptlon of the constructlon and: use of tbe
»Heliotrope of Gauss see “Breithaupts Magazin vdn deit nédesten
Y Mathemahschen Instrumenten” 2tes. Heg‘p 47, . Caddel 1835,

Ii\
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ourselves with other affiirs.  But in order fq r;xof]u;,é's‘;é;s
that may be audinble without difiiculty, some. piece of me-
chanism must be put in motion at the other station and »
to strike on a bell or do something of that kind. | . ..,
One would say it must be by no means an easy tagk o
transfer a power to a great distance and cause it to pexform
there, certain functions at our pleasure, and yet there age
. several possible methods of effecting this. Sound, radiant
heat. elec'ric and galvanic currents, may, when applied
certain ways. be employed for this purpose. . The practical
application however of each of these methods presents its own
particular ditliculties, and each carries with it its own insepa-
rable defects, so that it appears advisable to examine them
more closely in order to pronounce which of them presents the
greatest advaniages in its application. :
We first come to the ordinary transmission of sound through
the air, to the voice strengthened as it were by .means of
speaking trumpets. But this manner of giving signals can
only be employed with etfect when the distances are but
trifling. The boatswain’s whistle, the signal horn, and the
alarm bell, are all similar methods, answering their particulay
purposes but inapplicable to telegraphic communication - a¢
considerable distances, inasmuch as any considerable inareass
of a sound would be too annoying to the immediate . neighy
bourhood, but principally because the transmission of somed
through the air, at the rate of about 1142 feet in a secand); is
not rapid enough. The case is different in the transmisaion
of sound through water. Here the rapidity is neazly foue
times as great, and forms at least no longer an insuperable
obstacle. The experiments which Beaudent iustituted st
Marseilles and the more recent investigations of. CaMadon
and Sturm at the Lake of Geneva® put it begond.: . doubk
that one can transmit audible tones through. waferto: s diss
tance of many miles. The nature of the transmission of the
tone is however of such a kind that one not only heard it dret
is also enabled to render it visible as a molecular mobian by

‘7 means of a particnlar apparatus, the lever of contaek: 1€eabi

sequently in place of the troublesome method of hearmgndes
water a plan may be contrived which by the trembling syaticd
of the particles of water shall repeat that motion ok alaxget:
scale, thus placing the mechanical power we require. .fort pro‘i
ducing a sound directly within our reach. In this way of
carrying on correspondence, and which we merely notice here

* Ann. de Chimie et Phys. XXXV. 113. Gilbert’s Annalén,
LXXXVIIL 39.
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'&tégrbpﬁ ;"dﬁn do d?n olg.wq'l 1{)rrmexp es,| that,. }gl comaMuAg -
iofs ‘may be made under all gircumstances; . Consaqu
i:ddgﬁ’t be established that soundglg;eagéps’nﬁttgd )

the plane surface$ of’ the water iw 3?31‘7?: p'oupdr ug,of which

otheve'is hardlya ﬂoubt and t, of this m,e,ghed
'mighi‘thaefo¥e be general1 i:pphﬁ)’m? 3:{ ngg?l pqol.. W;ll ragrit
Sgfmore compléte investi gatl MoRg. 59 from 1 inof Te-
éj\ib%ﬁ any partrcular ‘conducto; or ;‘152 trq,nbmxsﬁon of the
nyodnd Yardd frOm the cn‘cunﬁ ngebo np, Antgrruptmn(of thsa
ﬁgﬁ:a‘{s‘bemg ﬁcx at & 0 ettt
uwAnotheér péssx Ie 1e't'l‘10& brmgmg about l;;'e.nsi{a.x;t1 n;o»ve—-
Wients' at’ gféat“dfstancels ‘Wwithout any’ 'intervenin aytlﬁc}a}l
womduictor s ﬂn‘rfzshe& By fadgant heat when d}repteg Lby e

i ‘coridensing mirrors upon a thermo- electric. pﬂe A ?9%

e

vanic current is called ifito play which in its turn is eEE;py

da‘produce declinations'of a magnetic needle. The difficulties
istending the donstrltctlon of such an instrument thqugh cer:
aainly’ considerable ate not in themselves insuperablé, | Such
#'tefograph however' would only have this advzaptage over
tbse based on' “optical princip les namely,. ha.t 11; oea not
yequire the constant attehition’ of he, obse.rver
bpt,itttﬂ oneé it would 'cease to act’ urmg ¢ ou&y Wea};
rtikes of the Intrinsie defects of tba{ mst}'u;neq;,
therefdre ig not probably qble to sta &, GOP‘BWOP
WOﬁhB re. HH u o
ei (Phe three prmdi 1és of telegrap th fnf rcou;se her Bropgh't
furward; hanely) ]igﬁ‘t ‘radiant’ h L, an thq prop gat;on of
wmtd«,hm thid il égrhrion, they do” no]t }'eq\nre tafhat th
shidald e s direct-colingxion bétweett the two' staions,, '1?
dir, waket end the grouhd, fort the ﬂﬁtﬁré.f c?n 1ctois of t
tmidiﬂ}ous bxd'eed or rendered’ avallabl nd hlch serv,e g;
dnitations, “In’ thls éésentxa clrgum apce,
théy éiffdr !ﬁi%’n’( éousls{ifrotﬁ other feasihle lpflans which we,
will dowproveed e ¢ohsider at’ somé length‘ Y 1tX
withiwhiedifidetioitd] eleetricity is transuitted along nge[t Qﬁ
ooh duetiors dalled-fostht'as long ago hs'in the Tast ‘centu ”ﬂfh )
idealdf esaploying it foi telegtaphic commﬁmcétlbnb W‘,m%er*
ab Bcoipwiv e chie’ Yesr- 1746 discharg ed erai ‘Léy@en’ lf[
thoikegh p,lwlne'oﬁéﬂﬂsi'dbi‘abfe lenigth,; add ont’ maz béeasion
thegyisles Rieisy formed!s part of ‘his cu‘du‘xf’ "L Mon er mL
Perip i produged: sh’OC‘kS‘ ehraugh a léngﬂi o’f vhreqam \fnt’m'
To yow PSRNt B b ) Llo2 8 'ng
919l 990t Fivtui ok Forise bas L oounh RG-SO 10 GUI(TIED
* Pri.estley’s History of Electriclty, p. 59. -
(nth!?b%h Trans Vol. KILIVi p.A£290014 39 sunid) ab .ih
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to 12789 feet. Watson* extended the expdriment aver. g
space of four miles near Shooter’s Hill, eomposing his cisrouit
of two miles of wire and an equal distamce of g.a‘y graundh
Lomondt transmitted telegraphic:signals tora neighbouring
room by means of a pith ball electrometeracted -upon: by fric.
tional electricity. Reiser illuminatéd, by the electrie spark,
letters, formed upon plates of glass with s{rips: of tin:foil.
 Gauss§ makes mention of & communication from Humbeldt
according to which Bétancourt in: 1798 »stablished a commmu-
nication between Madrid and Aranjuez,a distamce of 26 miles
by means of a wire through which a'Leyden: jar used .to -be
discharged which was intended te' be.used as..a telegraphic
signal. I T T N LR
gRll these experiments put it beyord a doubt that frictional
electricity may be employed for giving signslsiat any distances;
and that when these signals are preperly conmtrived they offer
convenient means of telegraphic intercourse. - - C

Frictional electricity has besides, as‘Gruss has already: ob»
served, the great advantage of not losing any of "its force by
increasing the length of the conducting wire, inBsmueh as:the
whole of the electricity of one coating of the jarmust travense
the entire length of the wire, be it what it psy, o nentyalizd
that of the other coating, R S IR T

The experiments which Wheatstone instituted with a mirs
ror in rapid motion to ascertain the rate at which the elechris
spark is transmitted through copper conductors, show that i
travels with a velocity of 288,000 miles in a secend,|i: & olo-
cily exceeding that of the light of Jupiter’s Satellites;§ Using
this as a standaxd, alldistances.upon our glohe are done away
with, and we accordingly see in eleotricity the: instantangous
messenger of -thought for all distances and in every. sinctina
stance. Nevertheless the practical execution of 'a-tslegraph
founded on this principle presents some difficulty.:. Francis
Ronglds: constructed one at Hammersmith in 1816; anid-pub-
lished a .description of the instrument .in /1838 - . In«his
arrangement there were clocks which: képt time employed /st
the stations and which were furnished -with & light!didc of
ciphers in place of hands, and having twenty different sigus
towards: their circumference. At the moment the propex sign

SR P

T P!ﬁi. ’Tl:‘ains. VOl. XLV. for 1748. ceo b Th '; RIS ST ISR PIY)
' ¥ Youiig’s Travels in France, 1784, Vol. L p.79. "*' ¢ nha

1 Voigt’s Magazin, Vol. IX. Part 1. .

§ Gauss and Weber Resultate d. Mag. Veriens, Vol. 1I. p: 14,
|| Phil.Trans. 1834, p. 595. : _

€ 192,500 miles in a second, Brewster’s Opties, p. 2. ..
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passes: beforerthe index the spark is discharged with an elec-
tvometer upan which the same sign is rendered visible on the
¢lock: at the other station. The disadvantage of being obliged
to wait every time between each sign one gives till the disc
has:completed an entire revolution of course renders the plan
inypracticable. 'The old proposal of Cavallo* to employ the
passage of the spark for a signal, would, when properly mo-
dified, be more applicable. It would be necessary, so that
the signals may succeed each other with the utmost rapidity,
and the arrangements be as simple as possible, that we should
content ourselves with the discharging spark of a small coated
plate. The sound which is always heard on the passage of
the spark where there is a break in the chain would serve as
an unequivocal signal, directly affecting the sense of hearing
as already laid down by us in our general remarks upon con-
venient telegraphic intercourse. An electrical machine of
moderate dimensions would continually furnish fresh charges
at short intervals. It would not however be so easy to get
over the difficulties attendant on the changes in electric ex-

citation and the various hygrometric states of the atmosphere.

But these difficulties are not insurmountable, and it is as yet
by no means certain but what this plan, if followed up by a
thorough knowledge of the subject, might not from its sim-
plicity be brought into competition with any other principle,
and this the more if due use is made of the important principle
discovered as we have said by Winkler.

.'Of late years however we have become acquainted with a
peculiar modification of electricity, which, affecting as it does
with a reciprocal action several of the other powers of nature
in a wonderful manner, even at first sight presents essential
advantages for its application to the problem of telegraphic
ilitercourse by means of electricity. e allude to the power
of galvanism.

.Asilong ago as in 1807 Sommering erected in the apart-
ménts of the ‘Academy of Sciences at Munich a galvanic
telegraph, of which he has published a detailed description in
the Philosophical Transactions of Bavaria.t MHe' employed
the ‘energy.of a powerful voltaic pile to bring about the decom-

sition of water by means of thirty-five gold pins immersed
in an oblong glass trough, each of these pins being marked
with a letter or number, and admitting of connexion with the

pile by an isolated wire. . The ascension of the air bubbles of |

.# Cavallo’s Treatise on Eleotricity, x o
+ Miinchner Denkschr. d, K, Akad. d. W, fir 1809, 1810.
Math. phys. Classe p. 401. .
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the water decomposed was to serve as the telegraphic signal.
It should be borne in mind that our knowledge of the efe€ects
of the galvanic pile was at that period but very limited. ' Thé
discoveries of Oerstedt in 1819 from which we Jearnt  that'a
magnetized needle can be deflected by a galvanic current, have
opened a fresh field for the apéﬂication of this power to telet
aphic intercourse. ' Under this head may be comprised the
ints for a galvanic telegraph thrown out by Fechner in his
Manual of Galvanism,* and Ampéres scheme of an electro-
magnetic telegraph which has been executed on a small scale
by the late Professor Ritchie.t " In this plan however Am-
pére departs so totally from the desirable principle of simplicity
that upwards of sixty metallic connexions would be required
for his telegraph. e arrangemént which Davy} has pro-
posed, in which illuminated letters are shown by the removal
of screens placed in front of them, appears also to be far too
complicated. The experiments instituted by Schilling§ by
the deflection of a single magnetic needle seem much better
contrived, he did not however succeed in surmounting the
mechanical difficulties that attend the question in this shape.
The subsequent discovery of Faraday, according to which the
generation of galvanie currents is reduced to the mere metion
of multipliers placed near fixed magnets has very materially
simplified’'the problem, inasmuch as the voltaic pile becomes
thereby 16 longer necessary. ’ P
To Gaiss and Weber|] is due the merit of having in 1833
actually’ éofistricted the first simplified galvano-magnetic
telegraph.” It was Gauss who first employed the exciternetit

_of induction, and who demonstrated that the appropriate com-

bination of & limited niimber of signs is all that is required for

" the transmisgion 'of ¢communications. Weber’s discovery that
“a’ coppet wire 7460 feet long which he had led across the
‘houses and steeples at Gottingen from the observatory to the
“cabinet of Natural Philosophy required no especial ‘insulation

was orle of great importance. The principle was thereby'at

“once established of bringing the galvanic telegraph to the

most codvenient form. All that was required was an appro-

- priate Tethod of inducing or exciting the current with the

il

* Lefirbuch des Galvanismus 1829, p. 269.
+ Froriep’s Not. Vol. XXVII. No. 6. p. 86.
't Mechanids”vMag. No. 754, p.261; lgo. 756, p. 296; No. 758,
327, v
P § Allgemeine Bauzeitung 1837, No. 52. p. 240.
| Gott. gel. Aneg. 1834, p. 1273, and Schumacher’s Jahrbuch,

1837, pi 38.
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power of changing its direction without having recourse to an
special contrivances for that purpose. In accordance wit
the principles we have laid down, all that was required in
addition to this was to render the signals audible, a task that
apparently presented no very particular difficulty, inasmuch
as.1n the very scheme itself a mechanical motion, namely, the
deflection of a magnetic bar, was given. All that we had to
do therefore was to contrive that this motion should be made
available for striking bells or for making indelible dots. This
falls within the provinee of mechanics, and there are therefore
more ways than one of solving the problem. Hence the
alterations that I have made in the telegraph of Gauss and
by which it has assumed its present form may be said to be
founded on my perception and improvement of its imperfec-
tions, in harmony with what I had previously laid down as
necessary for perfect telegraphic communication. I by no
. means however look on the arrangement 1 have selected as
complete ; but as it answers the purpose I had in view, and
it may be well to abide by it till some simpler arrangement is
-contrived. .
As an inductor or exciter 1 employ a rotating apparatus
whose construction, speaking in a general way, 18 similar to

-these of Clarke, of London, the multipliers.of which however

my inductor is composed, consist of a vast number of turns of
¢fine insulated copper wire ; and this arrangement is necessary
in order that the resistance offered by the th;gf{gi; Wire com-
ipleting the circuit, even should it be many mijles long, may
be but little increased. Of the galvanic influence excited
-furing the entire half-turn of the rotating donble multiplier
-enly-a small portion is employed, and,that.py;hgn,it‘ is at the
_meximum of its energy. By this means. the duration of the
.eurrent is but very short, an arrangement which therefore in
& manner: can cause merely a momentary deflection of the
s}ittle magnetic bars employed for giving the signals. In order
«to heighten the-action of these inSicators as much as possible
they are surrounded by powerful multipliers. Small detached
-inagnets are -so placed near these ingicators that they are
thereby brought back to their original position immediately
that the induced current ceases, or in other words, as soon as
the deflection has taken place : we thus are enabled to repeat
signals in very rapid succession. The same indicator can be
brought with ease to make five deflections in"a second, suc-
ceeding each other as fast as the sounds of a repeater when
striking. Hence if bells are placed at the proper striking
distance from these indicators they will ring at every-deflestion
produced, and as it is quite immaterial at what part of the

s e s e
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wire, completing the circuit, the multiplier contdiningthe;
indicator is inserted, we have it in our power to produce the’
sign excited by induction at any part of the éourse the wire’
takes. Should it be desired tﬁat the indicator instead of'
producing sounds should write, it is merely required to ad4pt!
to one end of the little magpetic bar a small vessel filled with
a black colour, and terminating in a capillary tube. This
tube, instead of striking on a bell; thus makes a black spot
upon some flat surface held in front of it. If these spots are
to compose writing, the surface upon which they are printed
must keep moving on in front of the indicator with a uniform
velocity, and this is easily brought about by means of an end-
less strip of paper which 1s rolled off ]o'he‘cyl};nder on to another
by clockwoxg(. This is in a general way the construction
followed in the telegraph erected here, a fuller account of
which now would be out of place, as 1t may be found on
referring to the appendix. As far as the employment of the
telegraph is concerned, it may be fairly said to perform all that
can be reasonably required of it. The excitation of the car.
rent is produced by half a turn of the inductor, and is equally
available at all times. The sounds of the bells close to the
person making the signals, and which being produced at the
other station too are also audible there, become, by practice,
intelligible as a langutige. ‘Should they however be overheéard .
or misunderstood, the rommunication presents itself simul-
taneously written down. ' This can be done with closed dcors;
without any but the parties concerned being aware of it: the
communications may be made at any distances, and either by
day or night without any appreciable loss of time. There is,
therefore, every reason to be content with the performanee of
the instrument. = = : I
It is not however to be denied that the establishment :of
certain conditions indispensable to its action is neverthelbss'd
matter of some difficulty. We allude to the connecting Wire
joining the stations. R
It has been stated above that Ampére réquired-imore then
sixty such wires, whereas thirty or ‘80 were sufficient fér
Sommering. Wheatstone and Cooke® reduced their number
to five ; Gauss and, ﬁrobably in imitation of him, Schilling, &8
likewise Morset in New York, made use of but a single wire
running to the distant station and back. One might imagine
that this part of the arrangement could not be further sim-

* [ France industrielle, 1838, April 5, p. 3.
+ Mechanics’ Magazine, No. 757, p. 332. Silliman’s Journal
for October, 1837. Annals of Electricity, &c., Vol. II. p. 1186.
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plified, such: however.is:by no means the case, I have found
that even,the half of this length of wire may be dispensed
with, and that, with.certain precautions its place is supplied by
the grownd itself.: . We know, in theory that the conducting
powgrs of ithe, ground and of; water are very small compared
with that of the metals, especially copper,, It seems however
ta hgve been, previously overlooked that we have it within our
reach to make a.perfectly gpdd copductor out of water or any
ojher. of the so-called semj-copdyctors. ' All that is required
is.that the surface that,its section,presents should be as much
greater than that of the metglas its conducting power is less.
In that case the resistance.offered by the semi-conductor will
egual that of the. ;perfgct-:cqnduqtor; and as we can make
conductors of the ground. of any size we please simply by
adapting to the ends of the wires plates presenting a sufficient
surface of contact, it 1s evident that we can diminish the
resistance offered by the ground or by water to any extent we
like. We can indeed so: reduce this resistance as to make it
quite insensiblé when, compared to that offered by the metal-
li¢ circuit, so that ,not, only is half. the wire spared but eyen
the resistance that such.a circuit would present is diminished
by one half. . This fact, the importance of which in thé
erection.of galvanic, telegraphs speaks for itself, furnishes us
. with another additional feature in which gg v#ﬁis;n;ré,s‘émbl_es
electricity. The experiments of Winkler, -at L‘gipz‘ig’,’" ‘had
already shown us that with frictiopal eleetricity the; grotind
may replace a portion of the discharging wire. {The same is
now. known to hold good with respect to galyanic currents.”

. The:anquiry into the laws of dispeysion aceording to which
the ground, whose mess is unlimited, is acted upon by the
passage of the galvanic current, appeared to be a subject
replete with interest. .The galvanic excitation cannot be i?n-'
fined to the portions of earth situated between the two ends
of the wire; on the contrary it cannot but extend itself inde-
finitely, and it became therefore now only,depex;tfiah,tnbii‘lth’q
law that ohtained the excitation of the ground and the distancé
of the exciting terminations of the wire whether it wasdneqlesg-:
sary or not to have any metallic communication at all for
carrying on telegraphic intercourse. -~ .

I can here only state in a general way that I'have succeeded
in deducing this law experimentally from the phenomena it
presents: and that the result of the investjgatian is, that the
excitation diminishes rapidly as the distance between the ter-
minal wires increases. o .

An apparatus can, it is true, be constructed in v\v‘hich the
inductor, having no .metallic connexion whatever with the
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LXXIL Upon Telegrapluc communication, especzall y by
means of Galvanism. By Dr. STEINHEIL, Professor of
Mathematsies and Naxurad Pkilosophy, as-the-University
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D\esbripézoﬂ amd Fi’gﬂfb’s of ‘the magneto- lvdnif: t’été mpﬁJ
erected be(ween .Mumcﬂ and- Bo gusén gn 1837,
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-aiFhe ;telegraph is composed of thrce ,prxmwal parta; LA
taeéallic connexion. between the. stations.. ;,2.~The apparatus:
farexviting . t.hegalvame eurrent. . And }39‘1'-"1:118;111‘11;0%501'. o
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sedl h(sispucal}ed codnecti wﬁre &nai be Jocked o as ;hea
wide lcompleting the civeuit. of -a.voltaic battery extonded tox
very great length. What applies to.the ong holds:good .o
the wthere f’Wlth' equal 'thicknesses -of! the. game) metal;, the
resisturioe offered o the passage of the galvdnic:-eurrent: i
probortional to the length of the wire. . With equal: lengthd
of the same metal, however, the resistance dlmlmshwmwprseigt
with the sectiott; . bt the. .conducting power of metals is very
diffdent. . Accmdmg totFechner, copper conducts six times
better'$han iron, and four times better than brass. The con-
ducting power of lead is even lower, so that the only metals
which can well vie with each other in their technical use are
copper and iron. But now though iron is about six times as
cheap as copper it will be requisite to give the iron wire six
times the weight of a copper one to gain the same conducting
power with equal lengths. We thus see that as far as the

VoL. IIL.—No. 18, April, 18:9. ~ 2F
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expeunse. is doncerned it ¢omes. to; the same, thing; whicheven
of these metals:is (chosbno. . The:preferance, will, Jhomeyer, bg
given ta copper, ag this mefa) is less liable ita pxidization,
expasure -to' the imosphiere. ;i This latter - difficulty, may
neyertheless: be. susmpunted sby: sirgple ;means, namely., by
galyanising it i It-would aven sppear that the simple trans.
mission of the gelivanidichsrensiwhenithe telegraph is. in psg
is sufficient to prepatve thedren fromirust ; such at least |i
observed to be thd case with. the iran jportion of the wire u;e%
for the telegraph heie, and which-has alzeady heen . expo:
in all weathers for nearly a tweltepgonth., ...~ . . .
i, If the galvanic current.is tg iraverse ithe entire metallic
circuit ‘without any diminution of intensity; the wire during
its .whole course must not be allowed to come into contact
with itself; . neither should it.be in; frequent contact with semi~
eonductors, inasmuch as a portion:of (the . power called inta
ﬂrﬁ? takes. its course by theishextest, way. in consequence,
t bere of, whereby the remotest: paxts are deprived of 3 portien,
Y € POWer. ... .. v cnoanset ad o) o S am
«Numrerous triald to insulate wites.and -to. conduct thém
beléw the surface of the ground baveledme to the conviction
thint . suth attempts. ean never. answex at. great. distanges,,
imisiguchsas-olirmest peyfect insulaters are-at hest byt very
bad eonducters.: »And gince in;a wire of very great :length,
the surface incantact. with the so-called - insulator is upcom-,
monly large; when:compared with the section of the metallig
eohduetor, there necessarily arises a gradual diminution of the,
force, inasmivichlas the out-and the home wire, although but!
slightly, yet, dp .oodnmunicate in intermediate points. It wo
be wrong tq think-that this. difficulty would be, got; over by,
placingsthe ot and /the home wire very far-apart. . The dis~
thnce betiweeh thent is, as we shall see in the sequel; glimgst
a-mattettof indifference.- And as we shall :never sn egd,_ iy
lieying down .conductors that are sufﬁeienﬂy,imnl@,tgd‘jﬁe h.
the: stfacelof the'ground which is always damp, thexqrfizfg t.
one othedr course open to us, namely, leading the wire throug
the air, Upon this plan, it is true, the.conductor mpst be,
gupporteth fram time: to time ; it is hable yo, be injured ng;ﬁ)ﬁ
evil disposed, and is apt to suffer from viclent SWEMS‘PP{?(%
ice which forms upon it. As we however have no other met
that we, can, avail ourselves of we must endeavour by syitable
arrangements to get the better of these, not immateria ;falﬂts‘
in the best way we can. ' o . ;”
.+ The copducting chain of the telegraph erected here, consists
of ' thiée parts » one leads from the Royal Academy .to the
Royal Observatory, at Bogenhausen, .and back, and the tot;
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Kerigthy (0f intidive 1182806 ety Fhis Weightrob the:copper
Wire etitployed imournty ity 260 ouﬁdmzblﬁtanwireoem@
atid bicky ‘abe‘stretehed acrdss Hhio stéeplessofi-khp sownnat in
distanet of Hour Hoet one!ihch. -2 e prustest idistance frone
. ditppddt ¥ Supportiis' §8T9 fedt H thivdsmmioubtedly faro tos
gréat for's single wire, ittastach s bl icd lthat forms apon
it théterdally incredses the weikiiyiofot bisi witentadlf, and cond
gidérably augments ity diaméter; sothayivting bécomeslinble
ib be torn asurder by High winlds) 1 Oventhdse placds where
hiere-are no high builditigs(! He donaecting wire is supported
upon tall poles forty o¢fify-fdet/lomg, which 'are lot five feet
itito the groutid, and totheTtopiof iwhich the wire is fasterled
t0'a cross bar. ' At'thé peirt where the ‘motal rests thoreis
ditnply a piece of felt Jaldand the wire is made:fast By twisti
ing'it round thé wosdeénddyst “Fhe distance from: poleto
tanges between’640 and B50fdat; but this is fartoo | »dop
éxperience ‘has’ shown'2that:the: wires -become. considerably
stretched by high winds:andstlier ‘causes; and have, in-com-
sequence, had to be taken up more than once.® .:»«ui it
"l%llie ‘eonductink wire-this mounted i by 0o Mmesns edm-
Pletbly insulated) ' MW hen 7 for iexumple;i the sirduit: is!brokien
at'Bogenhaiisen; dfi indution-shock: piverdm Manithsoughit
oty gf ¢e no galvatic exéibation whatpverinthe: dhei
cHain "then disconnécted) © Ganss’s: igdludnometer;howeven)
even ‘then gives' indication of 'a weak 'ourrent muznmbments
iidéed go to show-that this/currdnt goemon intreaning as: the
poiht at which:the interruption of the stream dsmhhde recbdes
§‘dl’n 'the indactor.’ 'The absolute'smodnteofi! thiscurrent isd

ot'torsdtant. “‘G@‘ﬂe&a]lyf it is: strongest wikien  the weathedr. ds
daﬁnp;‘ " Whert' there are 'heavy: showdrs! iof ralhy it may bd
fairly ‘$ajd té-be-five times as strong ad when the weather:ig
s’ét:}éﬂi dry’r At ‘moderate distanees of-a few lniles this! somadl
ks'6f 'Fgwef'is-of ‘almost'no importance, atid) thak the more;
45/ '{He ddtistruetion of the induetor places chrrentsof akmiqst
gtrenigth we'choowe at sur command. - Widori 4he distanehs
KoWever anounted 16 apwards of 200 miles; the. greatekkpaxd
SfleHe ¥feut would berd ssigatbd. In stich cages:aquéh grentels
preeddtion must betaken With regard to' the points: of suppont
P?hi'ﬁe"tqllic clrowit. ¢ S A i NS
oty ve ot -
Dj%i,)‘ll :the}sd evils would be got over by ‘making ‘thé f"@oﬂ_ﬂeﬂp‘ﬁ
by at least a triple strand of metal, and not by 4 shgle wire, sups
porting it at intervals of 300 feet, and giving'it & télﬁ‘idflr-%t*bmbk‘:&
 orié-third of what it will bearwithent giving wax ) Dlikjohowever,
?::thééx rimental télegraph erected’ here; wasmot prasticabld, foo
dsons’inte-which.we.cannot-enter. - ¢ 1 yrolsyive O Ligosl
2F2
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When thunder storms occur, atmospheric electricity collects
on:this' gemi-insulated.chain as upon a canductor, but: the
assage of the galvanic current is.not; at all affected thereby.®,
g)uite recently I madeithe discovery that the ground may be
employed as one half of the connecting chain, ., Asin thecase
of frictional electricitly, watet orithe ground imay.with, the
g;lvanic curreut. form ! portion. of  the - connecting . wirej

wing to the low conducting power .of these hodies compared
with metals it is necessary. that at the two places where the
metal canductor i8 jn connexian with tha:semi-conductor, the
former should present.very large surfaces ef contact. Taking
water, for instance, to conduct two million times worse than
copper, a surface of water proportiohal to this must be brought
in' contact with'the copper to enable the galvanic current: to
meet Wwith equal resistance, in equal distances of water and
of' metal. For instance, if the séctiom.of a.copper wire is 0.5
of ‘& square line it will require &) dopper plate. of sixty-one
square feet surface in order to conduit.the :galvanic current
through the ground, as the wire in question would €onduct it/
But as the thickness. of -the metal is quite imimateria)] in: €his
case, tit will be always within ourireagh; to get : the .requisite
surfaces of eontaet at no great expemse,; Noti only do we by
this fiteans save half the conducting wire; but we. can exep
redaee ithe resistance of the ground below what that of .the
wite wbuld be; as have:been fully established by experimenité
made hersiwithithe experimental telegraph. . . . ;0
it A seoond portion’ of the conducting chain leads from. the
Royal ‘Academy:to' my house and observatory ix the Lers
ehenstrasse; -This eonductor is of iron wire, its.length, there
Pt L T B IS | [ , U
" # An occurrence may be mentioned here'as a warning for the
%‘tp‘ré.” During a éevere thunder storm on the 7th July, 1858, A4
'?'f'ei'%’s'tr'dn electric spark darted at the same instant throngh :thé
entire conducting chain, and there was simultaseously preduced at
thé!iitdicator, that is fitted up in my room, a sound like the cracking
of-a whip. ' At the same time the lower toned.bell of the indicator
emitted a sound owing to the deflection of the needle, and the blaw
twas o hard that the points on which the magnetic bar plays were
injured.. The same phenomenon was obséryed also at one op’thg
other stations. As the deflecting power of frictional electricity is
very inconsiderable with respect to magnets, the above occurrence
indicates the presence of a vast quantity of electricity. It ‘can
only have arisen from the electricity of the earth having at that
thoment made its way to that collected in the wire. Whether this
was'brought about through the lifhtning conductors in the neigh-
bourhood, or the imperfect insulation of the points of support,
carmot ‘be well made out. , , S
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and liaek, is: 5745 feet, and it is stretched over steeplesiand:
other high buildings, as lias alréady been: deseribed. » Lastly,
a'third portion of the chain runmingthrough the interiorigp
the buildings connected with the Koyall Acadenyy, leads;to:
the niechanical workshop attached to.the cabinet of Natiral
Philosophy. It is eomposed of g finercopper wire 953 feet
Jong, let into the joinings of the: floor; and i part imbedded
fri' the walls. - These three' portions together-.compose a liney
reéturning into itself and into whieh the apparatus for generat-~
igg thé galvani¢ current; and also the indicator; are inserted. '
IS S e I OWE et e e G
i 2. JApparatus for é{qnené&i;pg the galvanic current. "
<) Hydro-galvanism or the galvanic current generated by. the
dction of the voltaic pilé is, by no means fitted for trayensing
very long connecting wires, because the resistance in the, pile,
even when many hundyed pairs of plates are employed, would
be always inconsiderable.eompared with the resistance offered
by the wire itself. . - >0 0 0
»1/The principal disdidvantage however, attendant on the usg
of the pile or trouglh apparatus, is the fluctuations of; their eug-
¥eht joined to the circumstance of - their.becoming very., spon
quite powerless, and requiring to be taken to,piecesiand .put
together again. - The extremely. ingenious. arrengement of
Morse is likewise subjeet to this inconveniende., Al thig
however is got over when one; to. generate. jthe: . ournent, hag
vedourse.to Faraday’s important diseovery of; induction;, that
19td sa/{,‘ by moving magnets placed in the neighbourhood of
eonducting - wires. . The better way haweven'is, not tomone
the magnets as Pixii does in his electro-magnetic apparatus,
but rather to give motion to the multipliers !l\a,ced_clc_)sp to a
fixed magnet... . The arrangement that. Clarke_ has given to
the multiplier is the one which, with some medificatio s, e
bebnr adopted.... Assuming on the part of oumqad,e,rq,a,gegw:i
kndwiedge of the principles of the apparatus, we here ganfine
‘virsélves toiekplaining how it has been adapted to paxposes
8P telegraphicintercourse. T R R TITI T
" "Fhe ‘magnet is comrposed of 17 horse-shoe bars of hardened
$teel! "With its iron armature its weight is about 74 Ibs., and
it 1s capable of supporting about 3701bs. Between the arms
of the magnet there is fastened a piece of metal, sul()fprt g
Ayits centre a cup provided with adjusting screws, and which

Adrves as a.support for the axis of the coils of the, multipher.
‘The coils of the multiplier have in all 15000 turns, of Wire.
A metre’ (3 feet 3.3708 inches English) of this,wire wel

154 grains, and it is twice bespun with silk. . Jts.Awo ends,

which are insulated, are passed up through the interior of the
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vegtleﬁl axis of the ﬁu‘lf ‘heﬁ‘ and thén/ i‘él[ﬁ!in'&i‘é i W@’Hé
haped | Pieces, &s spon'in Plate X'V iy 8#&1&‘9;' I
J;der to secure pei‘fe at{bﬁl ‘the Vertié' Vdxis Hg!'8, 'w
(i out olIow "Init6 this Hole there afe let o from" ‘éBo‘V‘é
q semlcn- ular’ 10&5 of ¢ % e ' 1c'h are’ pre%rented tbu’chir;x
;)y a stx; ‘0 tafeta f’?, nf bét ee 1hen 'with glue ;" an
th eseagam areke tff-P oﬁé‘h’ihf‘ihe etallic axis by windirg
tafletp round them ' ehch tixeé little stn s of metal
there is, above and beldw q fém'aT s¢red’ cut: n the lowef
holes small metal pins ate 'séreywed iti, o which the ends of
the multiplier are soldered securel oft’. While in the upper,
hofes, as may be seen'distinctly lﬂgg 9 and 10, there are
iron hooks screwed in. These hodks' therefore form the ter-
minations of the multiplier wires'of the coils of the inductor.
They ' here turn down, fig. 15, lﬁtd two semigircular cups ‘df
Tlc silver that are separated b 'a Woolen partition, - I'rom
ese cups of quicksilver there proceed connexions, J, J, figs.
8 and 13, towards the wires, and they thérefore may bé
éonsu;fered as' forming a part of thé ¢hdin.” The guicksilver
pwing to 1lis caplllarlty stands at a highei' tevelin these senrh-
clrcufq cu g than are the partitions, so° that the termin
ooks’ of . i e ‘wites “of ' the multiplier” pass oyer these ' i
titions lethout 'touchmg them when the’ muln lier is md
‘tqr on' ifs, axis. * Ohe sees that the hooks thus are brough
into ofher cups of qmckmlver at every half-turn of the rdulti
pher, in coﬁsequence of which the galvaric current preset’» s
its sxgn as long as the multiplier is turned in one' dn-ecfl
but it changes its sign on the motion being réversed. ?
coinmutatlon, which it may be remarked may be estabhshed
without the use of mercu&'y by the contact’ of strips 1 of copper
ﬂ)e act like sPrm s, is found to answer completely‘ '"Therd
es1 es {wo othet arrangenients Whlch we musPlnBt’ H}lbﬁ?
lg a §,u;m?tlced -
“ galvaric current, as we shall see' in' thé ‘deqn e‘f‘v)vh*éﬁ
of ‘the mdxcator, should orlyt be' permitted tb’ bd ‘it
‘z umng as short a period as poasible, but: d’uﬁﬂ : l’xa%
ervall hould have the greatest iritensity we can' cotitrirahd,
the terminal hooks of the wires dl% into thef quicksitvét ohly
Rt the place where it forms pools that advance towards ea
otherat t the centre, and where the current'is at its greates
intens ity, see figs. 13 14, and 15. Fig. 15, shows the posi-
tion tha,t the mguctor has when the terminal hooks first di X
into the ¢ps,” In all other positions of the inductor it shoil
‘bowever form no part of the chain, otherwise the signals made
at the other stations will be repeated by its ewn multiplying
wire ; and this becomes of the more moment the greater the
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chainiinte direct:cemtdct.: This cobktruction/inWhich quiek:-
silver iis| entirely dispensed iwith;is, on: bcvomnt:of its greates-
simplicityland: durepbility, preferable to-the arranjemdnt firkt)
déseribed,! . The: dpparatus of-the stations ‘ot Bogethutsen!
and in the' Lerchenstrassd!are thus constructed:: 1! i =11 wo

-
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1, We heve shown; i the prebedihg paper that our aim is: sov
tp. employ the. curremt! develdped; :by the inductor and ded
through the conducting chain; ¢hat when passed across mag-i
neti¢ bars that are delicately subpended itimay cause them tor
he deflected as was discovered by Qetsted.. These deflections;
if. we wish to give the signals ia-quick: epcbession, must follow
eagh other with the greatest rapidity,and should therefore be!
powerful.. This points out to' ns'thesize we should give ‘the:
maguetic bars we wish to deflect. -.They mmst:not however: be:
made too small, as in that case the mechanical; force arising'
from their deflection is not strong: eneugh to be directly ap=

lied to striking upon bells or any. othersimilar purpose. The;

eflgctions are, as.is well known, taking the force of the cur-
rent to be the same, the stronger, thd gréater the number of
turns iy the multiplier, or invother woeds, the oftener the wire
isfled along the magnetic bar. The sizé of the diameter of
the separate {urns, as we know, ouly ‘exerts an influenceé mas«
muehas 1t.adds to the entire length of the eonnecting witer
The.indicator. therefore.is a multiplier, whose two ends. conv
neat,it with;the- conducting chain, and within which the -bar
to-be deflacted is:placed. It must be borne in mind: that
the thinner the wire of the multiplier is, the larger its coils
are ; and the more turns they make, the greater 1s the ‘resist-
apnge t9 the current throughout the entire chain. + - = .

. Higs.;; 16, and. 17, Plate XV, represent the: vertical and
harizental sections of an indicator containing two magnets)

- meoveahle on, their ‘vertical axis, and which. from ther ‘con-

strgiction. are iapplicable both to striking bells ‘and alse:té
noting down a type composed of dots. 'Into the frames:of the
multiplier; which are made of soldered sheet brass; fig. 18|
there, are. soldered two smaller cases for the reception of the
magnets,.and which allow of the free motion of their ‘axes
Aboye. and below. they have threads cut in them for the recep-
tion of four screws in holes, on the ends of which the pivotsof
the axes turn., . By means of these screws the position of ‘the
bars may, be,so regulated that their motion is perfectly easy
and free,.. .In the frames of the multiplier there agre 600 turns
of the same insulated copper wire as was employed for the in-
ductor. ;. The commencement and the end of this wire aré
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showin,at: Mi M, fig. .16, “The magnetic bare-are, a8 the: figure .
shomsy 8o sitnated in the frame of themmulfiphier that themerth.
peleof; the,.one ia presented to; the ;south pold, of  the!iother-
" 'Lo.the ands whigh axe thus presented tosggh athér, bhtsthieh!
owing to the influenee they mutnally-exart,.¢annbt:Wedk be:
brought nearer, there are screwed on two slight brass arms
supporting little cups, figs. l‘; éhﬁnl& These little cups,
‘which are meant to be filled with printingt inl; are provided
with pxtremely: fine perforated jbeaks that ave: rounded off in’
fremt. - When: printing ink /is putiinto these cups it insibuates
itselfinto the tube of thess besksowimg to capillary attraction §
and without running but-fofmsg &t their apertures a projéction-
of a! semi-globular shape. The slightest contact suffices therel:
fore for noting down b:black!dat.. When the galvanic'influ.’
ente is transmitted throughthe multiplying wire of this
indicator both magnetic:bhrs make-an effort to tarn in a simi~
lgr.direction upenitheir vertical axes. One of the cups of ink
wquld therefore edvance from within the frame of the multi-
plier while, the other avould retire within it. To prevent this,
two plates are fastened at: the opposite ends of the free space
that is allowed for the play of the bars, andagainst which the
other ends of these:babs press. Only the end of' onié bar can
thenefore :starti out; from - within the multiplier at & tiine, the
other being retainad:in its place.. In-order-tobring the mag-
netin bars back to their original position as soon asthe deflee-
tion, is completed, recourse is had to small moveable magnets,
whose; distance and position is te be varied till ‘théy (-Fr'oduce
the desired effect. . %ohis pesition must be determined' by ex-
periment,: inasmuch as it depends upon the ‘intensity ‘of the
cwrrent called into play. | TP R
If this apparatus. be employed: for producivig - two ‘sounds
¢aatly distinguishable to the ear by striking on'bells, it will: be
right to select clock bells or bells of glass, both -of ‘which
easily emit a sound, and whose notes differ about ‘&' sixth:
‘This interval is. by no means a matter of indifference.’' The
sixgh is.more emsily distinguished than any other intetval;
fifths,;and octaves would be frequently confounded by:those
pot versed in such matters. The bells are to be supported
an, Jittle pillars with feet, and their position with respect to
the bars-and likewise their distance from them is to be detet-
mined by experiment. The knobs let into thebar thatstrike
on the bells must give the blow at the place which most-easit
emits a sound. These hammers however are mot: to ‘be too
close to the bells, as in that case a repetition of thle signal can
easily ensne. A few trials will soon get -over thigdifficulty.
If the indicator is to write down the signalsa fiat' surface of
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paper mwst b Hepb moving with aimiform yelecity in frant of
the littlls héaksiaboveméntioned. f,mp? best- way of domg thia
i» to cetnploy very:lengstdips of . the sorcalled. endldss, paper
winielr isrto(be‘wmnd.‘nmuqulindet of wood and,then eut
#hie lathe intte bandsbf the suitable widih.| One of Hrese

pasas ¢hose linnfront o the relipsy suoi slong a ceitam. distange. iy
» horizontal ‘positiony 8d) that! the-.dotal noted down may ;be
read off] and lastly'wind itself upagainoh to 4 second oylinder.
Thisisecond cylinfler is put it ayotion by eldok awork, the regu~
lrity of whose action is~insyyed drjp & deataifhgal fly. wheel,
A-lgngitadinal section :df the jentirelarrangement is. shown
at fig, 1, -Plate XIV.  Fig' 2 represenss it as seen from
above.: At the ecorners of the framhe oherwhich the ribbon. of
paper is led, there are placed twomeveghle rbllers to diminish
the frictién.. This frame mordoveriadiits of heing advanced
towards the eups or withdiawa ! foony them; ao.that the most
proper position to give it ‘can:baascertdined by experiment,
It is.evadent that the same magnetio -bard cannot: be .at, ance
employed for :striking bells and for writing,: the little powet
theyexertbeing: already exhansted! by either of these bperad
trons! o But te combifieithem both, all we bave todd isita ins
troducea second ardieatot:into thechain., By thus inoreasing
tive noirebels ofi thk indiedtors thd londness of the sounds-of; the
bells canbe aligmented at pleastry ; this can however onlybg
dond abthlecost pfran’ increabed resistance in: the chain,.:dn
order thiit this/may be increased by the indicator as' little as
ssible # would in fuure be better thdat its:coils shonld.be
made’ of very tthick:coppdr wire ot of strips-of copper plate. 1.,
-+' The dbove description - will enable thede who ere femilish
withr such sabjecte to:construct. the apparatus: for themssdlves.
We'!&mm‘-yetmmadd’ adfew wordsupon: ¢ . 04T ol Ay
?U“‘ Vggedt] Tyt ¢ re R C 1 -TH09) o
it ThE ey of pting the Appraius togethir: " !
Plate XIV, fig. 1, represents the longitudinal section,of a
pyramidal table standing on- the. flogr of ;the. room: a,;&l gyn-
taining the whole apparatus.  Fig. 2 shows the same as seen
from above. The wires from Bogenkiausen; those from the
Lerchenstrasse, the ends of the indi¢ator, and the wires from
the rquiclmsilver- oups: of :the: inducter;: arin . other wortls, /Ahe
two. of its: multiplier,' all meet together at. the céntre. of
the table! as seen dt fig: 2, of Plate XIV., They are here
broaghtdnti connexion with-eight holes filled with quicksilven
made ih'd dise of:'woud as shown at fig: 3, Plate XV, ' The
cotirse that 'the' cumient we eall forth will take depends upon;
the respective connesion iof these eight holes with each othier.
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Folrindtanigéj elpposininthent!ive dsiveonigeted togeshen dry
fody pledes of et coppér wibes as mhawnatfigl.3,! thaikars
Fetitwouldh pasd through thel whyle zappatatus,: and;also thei
dtivire dialiiis [EataBlishihg! oweverhehoonesibn asi shevm
@t fig. 6, would sutvoff the: Begeihehesn! siation]: andd woukd
at onick: transmit the eurventdirteb frons ¢ heramduetoy throy
thie 'multiplier of the:indi¢atorauttbrodghthe ibrchundtrassq
station: Supposirigtlfis figert thrdbdaqund 18 degrees: we
should have the Lerchenstrussy itatiobnewt/off; and the) bun-
rent would pass  through: Bogeshausen: » A third, system of
ebnmexions is sHovwm by thé bopper-wires represented in fig: 7J
Ity this positionsof thes sketoh sthe inductor and ' the multapliot
would be in direct -¢ommuniciition while the two:stdtions at
Bogenhausen and -inv the: Lerthenstrasse wounld: be cutoffi
But by turhing this figare 90deghees we should cohneet theag
two stations while we broke off the station in the Academy
Copper ‘wites serving t0 establish these three systems.of com~
nexioh: and the bombinations’are laid down upon the unden
surface of the woodem tovér of the commutator, -as. seen : at
fig. 4. Theré are'B& wires projecting downwards from|this
hd. -1 Only eightiof them, however, evercome into useat oned)
s6 that there must/ beo- dixtebn bther ‘holesimade)in;the lowen
dise of'wood for- the reception of the wites hob-in mse, bod
havihg ho quicksilver poured into them. It'ik thusin: eul
power to direct the course of the current as we:choode;and the
dystems. doncerned are indicated upon theupper surfice of the
eoverofthe commutator by engraved letters seefigi. 2 Pldte XV,
this cover containing the different modifications of £he systems
of cotinexion, as shown at fig. 4. ~Changihg tthe: position of
this cover rourd the central pin springing frem the:table
enables s toivary the direction of the current in any manied
we like. The use of quicksilver cups in thd vommutatan imay
of course be replaced by conically turned copper pins. This
has indeed been done at the Lerchenstrasse and th'?a\s Bogen-
]{hig 'Stations. ' > S A S TN |
TWe'shall 'canlude by'a few remarks mporr -~ gy
fog asoo o el e PR BT
«(The iapplication . of - this apparatus to  Telegraphic ;
el e 0 . €ovwnpunication. . - Pt e
+i'We'know from what has preceded that atevery half turn.of
fhe fiy<bar from right toleft one of the bars is deficeted. . X
kave so connected the terminations of the wires thdt svery
time this movement is repeated the high toned bell: showld be
struck at  all the stations. Standiag at the side BB, and
tarned towards the indicator, one immediatelys pereeives the
beak imptint a:dot upon the ribben of paper as it.moveyalong.
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The intervals of time between the Budeessivarepetitidns: of this
sign are represented by the respective’ distances' Bétween: the
dots that follow in/aline upotr the paper. ‘On: turping the iy~
bar from left to right towards the operator, 'the ! deep toned’
bells ring and the se¢ond-ink cup marks downia dot upon-the
paper as before, not; hawevér,: wpon the same line withitHe
former dots, but on’ & lower one. - fHgh tones are ‘thﬁrc;fdﬁef
represented by the upperidots,-and Jow' tones by the' dots of!
the Zoscer line, as in writing musie. /As long as the intervals
between the separate signs remain: equal they are to be takets
tocether as a connected group,” whether - they be - paused)
between the tones, or intervals between the dots marked!
down. A longer pause separates these groups distinctly frany
wwch other.  We are thus enabled, byappropriately selected’
gsroups thus ecembined, to form systems representing the: let-
ters ot the alphabet or stenographic characters, and thereby
to repeat and render perinanent at all parts of the chain, 'where
an apparatus hike that above described is inserted, any. mfor:
mation that we transmit. The -alphabet:I have ¢hogén
presents the letters that occur the oftenest in German by
the simrpiest signs. By the similarity of shape between thése
sgus atnd that of the Roman letters, they become inpressed
W the memory without difticulty.  The distribution of thé
ktters and numbers into groups consisting' of not move ‘thun!

e dots w shown at Plate XIV, fig. 1. I AVIT S
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multiplier, by nothing more than the excitation ;trensmitted s
through the ground, shall produce galvanic currents in- that:
multiplier sufficient to cause a visible deflection,of-the;basid
'I'his 1s a hitherto unobserved fact, and may be classed. upon,
the most extraordinary phenomena that science. has revealdd
tous. It only holds good, however, for small distanees. . It.;
must be left to the future to decide whether.we shall ever sue-..
ceed in telegraphing at great distances without any metallye.:
communication at all. My experiments prove that such a,
thing is possible up to distances of 50 feet. - For distant sta~ '
tions we can only conceive it feasible by angmenting the power!
of the galvanic induction, or by appropriate multipliers com-.-
st)‘uctecf for the purpose or, in conclusion, by increasing the
surface of contact presented by the ends of the multiplier, .
At all events the phenomenon merits our best attention, and-
its influence will not perhaps be altogether overlooked in the
theoretic views we may form with regard to galvanism itself. .
To sum up in a few words what are the results of what we :
have here brought forward respecting telegraphic communica-
tions, we see that, with the present arrangement of the
apparatus, no principle can be brought inta competition with
the galvanic telegraph, but that the establishing the metallic
. connexion indispensable to its action, although now materially -
simplified, still presents great difficulties in practice. Indeed:
such. a connexion is only practicable where it can be constantly-
watched, as, for instance, in the vicinity of railroads..- .., -
For very considerable distances without intermediate sta:;
tions, galvanic or electric excitation must, on account of
their rapidity, be always the best power to have recourse to.:
For lesser distances it yet remains open to enquiry whether,:
with proper modifications, some of the other methods we
have pointed out would not be preferable, as they dispense:
with a metallic connexion. :

Af- o be continued, with two large illustrative plates, in’
it the next Number. ) '
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LVI. Summary of new rescarches on the liberation of
" heat through friction. By M. BEcQUEREL, President of
P Academie des Sciences for the year 1838.*

Bodies are considered as formed by the connexion of an
infinity of molecules or atoms surrounded by heat which is
opposed to their immediate contact abstraction made by

‘* Translated by J. H. Lang, from the Comptes Rendus &ec.,
No, 7, 1838.



