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VOLTA-ELECTRTG AXD MAGXETO-ELECTRTC

Page 9, line 8, for " pole," read piU.

Page 21, line 18, insert in after the word "being."

Page 83, line 8, for " presented," read prevented.

Page lines 6 and 7, for "somewbut less than four-

tenthSi" read about oue-eighth.

Page 47, line 15, for ** preparation," read perfection.

Page 6S, line 26. after the word " either," insert side.

Page 102, line 22, after the word " to," insert the word

Pl^e 115, Hne 21, for 1864, read 1864.

obtained ; and, in cases of the medical application of galvan-

ism, it must prove far more convenient than the ordinary

mctliods." The *"or<linary methods at tlirt time were the

cumbersome galvanic batteries, the i'rictioual electric ma-

chine, and the magneto-electric machine. The description

of Prof. Henry's apparatus, hereafter noticed, and that of

ProL Page, were both received in Loudon by Mr. Sturgeon,
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VOLTA-ELEOTRIO A¥X> MAGNETO-ELECTRIC
INDUCTION AND INDUCTION APPARATUS.

PART FIRST.

The first galvanic or Volta-clcctric iii'lnction apparatus

by whicli shocks, together with other indicatiuns ot" elec-

tricity of high intensity, were obtain^ 1 from a secondary

coil—that is, a coil not inclufled within the buttery circuit

—

was made by Prof. Page. This was a regularly organized

apparatus of remarkable power, a full description of which

was communicated to Sillirnairs Journal, under datoof May
12, iS3G, with the jbliowi?);^; caption : }tcl.ho l >[f iucrcit,-!n^j

shocks, (iii'l c.rjirri iiicnis icilJi Prof. llr iiryH Oj'inin:'us 'Or oh-

iainhi'i shocks (lud spatksfrom ike Caloriniotort by 0, G. P<-i>j('t

/Salenif Mass,^^ This apparatus (Fig, 1) was so graduated

that the strength of the induced current could be varied at

pleasure ; was furnished with meclianical and automntic cir-

cuit-breakers, and the now celebrated spark-arresting circuit-

breaker, and produced secondary or induced currents from

coils outside oT l.'uc buttery or pritiiary circuit, and of suHi-

oient intensity to ciuirge a Leyden jar. The communication

closes with this remark :
" We have, then, in this instrument

a battery by itself, from which sliocks oi" all grades can be

obtained ; and, in oases of the medical application of galvau-

ism, it must prove far more convenient than the ordinary

methods." The " ordinary methods ** at that time were the

cumbersome galvanic batteries, the frictional electric ma-

chine, and the magneto-electric machine. The description

of Prof. Henry's apparatus, lu i ' ;itter noticed, and that of

ProL Page, were both received m Loudon by Mr. Sturgeon,
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the editor of the Annals of Electricity and Magnetism, at

the same time, and published side by side, and with the fol-

lowing comment by the editor : " Mr. Page's variations of

Prop. Ilenry^s experiments are very important."

—

{Sturgeou^s

Aunah, May, 1837.) They have proved to be important, in-

aRmnch as the principle of conatraction adopted in the Page

coil is tliat. of an economical use of haih^ry jioiver, rvhirJi has

h^'f^n ujqtUird since that time in every form of induclion appara-

tus, whether for remedial or philosophical use and research.

The principle is simply this : In order to obtain induced cur*

rent$ of high intensity from a bailery of a single or only afew
pairs of plates, an extra and much longer circuit jnusi he em-

^<nyed for the induced current than that used to transmit the

battery current ; or, more briefly, the indveed or seconder, y cir-

cud muit he rimch lonyer than the iitduciyi'j or primary circuit.
'

In Prof. Ueory'd experiments only a primary circnit was

used. In Faraday's celebrated experiments on induction

the primary and secondary circuits were of nearly equal

length—^the secondary circuit being actually a little shorter

than the primary by a foot and one-halt The current h»

obtained from his secondary circuit had less intensity than

the terminal secondary or induced current from his primary

circuit. Hence be makes no mention of shocks received

from the secondary circuit, witilc he obtained them freely

from his primary circuit. In Faraday's first experiments,

in 1831, and in his experiments in 183^, both relating to

the subject of induction, he used the same arrangemeat of

his coils ; and it is somewhat remarkable that, in the multi-

tude of his experin ents, it did not occur to him to try the

efifoct of a longer circuit for bis secondary coil. In his

bt;autil*ul series uf experiments ui wlierein lie deinon-

straled the induction of currents, and, also, in his ninth

series, published in 1834, on the induction of u current on

itself, he contemplated no practical application of the princi-

ples developed, and resorted to no means of increasing the

Digitizeo by
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power of the induced curreDts, being content with the mere

exhibition of t}ie current itself by feeble manifestations.

The credit of the first induction coil has gencrully ^tcn

ascrihed hy European auth<)rs to Prof. Cnllan, tif MuvnDOth

College, Ireland. Prof. Callan's expcruueiiLs and apparatus

were, indeed, considerably in advance of his European co

temporaries, but were subsequent to those of Prof. Page;

and, in order more fully to establish the claim of Prof. Page

to the iSrst induction apparatus, and to give every discoverer,

inventor, and contributor his true chronological position, a

resume is here given of the progress of the suhjoct of in-

ducti<in since its lirst discovery by Fai a lay, who, ihr tlio

sake of distinction, from static-electrical inducliou adopted

the term Volu electric induction. In 1825 Faraday at-

tempted to prove, experimentally, Yolta el.'Ctric induction,

and failed, although the subsequent verification of his theory

was made by very similar experiments and arrangements.

—

(P/u'l nans,, 1882, par/e 162.) In November, 1831, he read

before the Royal S )ciety an account of his discovery of the

iniluction of currents, showing that the passage of a galvanic

current in one wire induced a momentary current in a con-

tiguous wire, and that the movement of the wire, transmit-

ting a current, to and from another wire, also developed mo-

mentary currents in the latter. In the same paper he also

announced the interesting discovery of the development of

electricity by magnetism, the electric currents being pro-

duced by the development of electro- magnetism and its

cessation, and, also, by the motion of a steel magnet to and

from its keeper—the latter being surrounded by a coil of

wire, connected with a remote galvanometer. With the

electro*magnet he obtained a slight spark by using charcoal

points, but failed to obtain the spark from the experiments

with the steel magnet. By using a very powerful loadstone

he was able to convulse a frog*s leg, and he thought he pro-

duced a slight scu^atiou upuu tlic Longue. Thi^ a^ccic^ lie



termed raagu< to- electric inductioD. Tlie currents in neither

case were of sufficient intensity to produce a shock, ulthough

he used very large batteries. It is a very remarkable cir-

cumstance thatp in each ex[)eriment instituted, with a view

to develop the induced current in a separate or secondary

coil, Faratlay should have iisod the h)nj^'t!r coil for the

battery circuit and liie shorter lor the .secondary circuit.

Simply rcvcff^inij tno onlcr of hia coils would have given

him quite a difiercncc in his results. From the secondary,

by Volta-eluctric induction, he sh3'8, " I could obtain no

evidence by the tongue, by sphrk, or by heating of fine

wire or charcoal ; nor could I obtain any chemical effects.*'

The current was indicated only by tlie galvanometer and

its magtictic effects.

On the 30th March, 1S32, Mr. Forbes, of ivKnburgh, ob-

tained a .spark from the use of the steel magui t. ( J/ay Xo.

Annals <>/' PhilosojJiy,) also (aSV//'.-? Jonrrial, vo^. 22, j/a//(; 406.)

In the latter part of June, 16S2, Prof. Henry commenced

experiments on magneto-electric induction, of similar pur-

port with those of Faraday, and was more successful in the

production of sparks. These were communicated in the

July No. of SUlimnu's Juurnai lur 18o2. In the same Ku.

Prof. Henry announced the interesting facts, that when a

very short wire (a foot in length) joined the poles of a small

battery, in such a condition as to give no spark with this

wire, a wire thirty or forty feet in length would give a

bright spark on breaking the circuit, and that the " effect

appeared to be somewhat increased by coiling the wire into

a helix." The battery, in this case, was spoken of as ** a

small batlcry," the uumber oi' paiii of platen, a very import-

ant point, not being mentioned. It is stated that, " if

moderately excited by diluted acid, it would not give a spark

with a wire one foot in length on breaking the circuit," but

if the action of the battery be very intense, a " spark will be

given by a short wire." The inference is rather in favor of
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one pair of plates, or perhaps several pairs joined as one,

inasrnuob as one foot of wire was used to join the poles.

Prof. Henry referred this phenomenon to the class of

Volta or rnagneto-electric induction. No shock was ob-

taiiied in eitlier the experiments of liunry or Farb js.

In the early part of 1833, Frof. T>:il Nef]rro asserted liiaithe

"separating spark of a Voltaic pile originated ,at least in part,

from magneto-electricity, and hence would be more intense

if the conducting wire were coiled around a bar of iron."

{Annall delle Scienze, March. awlAprH also {BibUoth

Dniver., July and Au^ju^i.) This was the first public an-

nouncetnent in relation to the augmentation of the spark of

separation [u oduced by a coil surroandinrf an elc<:tro-mu(/'

ntt, and laid the foundation i'or ihc third, isp -cics of cvrreni

induction, which we shall call Yolta magneto-electric induc-

tion. The three species, VoUa tleclric induction, magmto-elee-

tric imliiciionf and Vblta magrteto-electric induction, are, un^

doubtedly, results from the action of electricity; but, as they

are all produced under different arrangements and condi-

tions, it is important to preserve these distinctions.

On the Ibtli December, 183-i, Karaday communicated to

the Royal Society an interesting paper " on the influence by

induction of an electric current on itself," containing an ac-

count of the discovery of the production of sparks and shocks

from a single Voltaic pair. Faraday received s his infor*

mation on this point from Mr. William Jenkins, who must,

therefore, in the absence of any other record, be considered

the discoverer of this important and interesting fiict.

Faraday ingenuously relates the circumstance as follows :

Mr. Jenkins mlormed him that, "if an ordinary wire of short

length be used as the medium of communication between

the two plates of a battery of a single pair of metals, no

management will enable the experimenter to obtain an elec-

tric shock from this wire ; but if the wire which surroundfl

an electro-magnet be used, a shock is felt each time the con-

Digitizcd by Lit.jv.'vi'^
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tact with the electromotor is broken, providctl the euda of

the wire be grasped, one in efich hand." This discovery

rests upon the same principle as that of Prof. Henry's,

already cited, asaDDoanced by hitnin 1831; bat its distin*

gaishing iDterest and importaDce coDsists in tbe prodactioa

of sparks and 9hock$ from a single Voltaic pair. Faraday

also announced the same in the Noyeraber No. of tTie Lond.

and Edin. Phil. Mi-gazine for 1834. Furailay used two

helices coiled around a past»dboard tube—one 96, and the

other 94:^ teet in length, llie tortncr to transmit the battery

current, and the latter to exhibit the induced current.

Sparks and shocks were obtained from the inducing or first

belix, and sparks from the second helix, but no shocks. It

will be noted here, that both the helices were about the same

length. An iron bar was introduced in tlie pasteboard tube

to increase the intensity of the induced currents.

On the I6th January, 1835, Prof. Henry made a commu-

nication to the Anier. Phil. Society on the same suV»ject, and

his paper, with the following title, was read on the 6th Feb-

ruary, 1885. " On tiie influence of a spiral conductor in in-

ereasing the intensity of electricityfrom a galvanic arrangement

of a single pairJ*

This influence was exhibited in an interesting series of

experiments by the aid of heliees of wire, and the winding

of a flat copper strip or ribbon into a spiral, the greatest

length of which was ninety-six feet. With a large calori-

motor of eight pairs, shocks were felt as far as the elbow.

In the latter part of 1835, Dr. Neef, of Frankfort on the

Main, published in Poggendorff's Annals, vol. 86, page 852,

an account of experiments for the purpose of obtaining a

rapid succession of shocks by a mechanical contriTance

called a " lightning wheel," for making and breaking ra[)idly

the circuit with a Voltaic pile, both with and without the in-

terposition of coiled conducturs. The wheel consisted of a

circular table or disc of copper 6^ inches in diameter,
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mounted to revolve on a vertical axis. Tbe upper face of

this disc presented thirty six strips of wood, or other non-

ducting material, inlaid, with strips of copper. A conductor

resting upon the upper face over the strips, was for connec-

tion with one pole of the battery, the other pole being in

connection with the bearings of the wheel. As the wheel

was turned, llie circuit was broken tliirty six times for every

revolution. It was tried with a Voltuic pole, to oV^tain a . ^ -:

rapid succession of contacts, and also with a coil of wire sur-

rounding a bar of soft iron, and was found to produce novel

and important ])1iysiolosTical effects due to the rapid succes*

sion of small shocks. It was contemplated by Dr. Nsef for

use for medical purposes. The circuit<brea1cer was in reality

a production of Mr. Wagner, a friend of Dr. Neef. It is the

first recorded account ofa mechanical circuit-breaker applied

for this purpose. The apparatus was, however, cumbrou.s
;

aud as only a Voltaic pile ^vas uscl. and no secondary cir-

cuit around the electro-magnet employed, the action was too

feeble and inconstant for practical application, and must

have gone speedily into disuse. Dr. Neef revived the sub-

ject in I8S9, afi»r his introduction ofan automatic circuit-

breaker. It is interesting to note, that Dr. Neef suggests in

this paper the use of galvanic baths, now so much in vogue.

Perhaps the experiments of M. Masson, of France, were

in advance of those of Dr. Neef, both as regards the coil,

its physiological eiYects, and the use of a mechanical circuit-

breaker. l)u Moncel, in his Expose des Applications de

r£ctricit4 1856. says that " M. Masson was one of the first

who perfected the apparatus for Yolta-eleotric induction.

That in 1836 he employed a toothed wheel {roue denlit) re*

volving against a metallic spring for breaking the circuit

with a coil, and obtained currents of some intensity." We
find a communication from M. Massuii towards the close of

the year 1837, in the Annales de Chemie, vol. 66, page 28,

on this subjeoty la which he refers to his ** Memoire " to the
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Frenoli Acaflemy, in June, 1835, as containing the sub-

Ktanc'^ of Ills papor. We also find, in the Cornnto Rendu,

188T, a report of M. M. Bocquercl and Savary of the Seance

of 27th of March, 1856, on the memoir of M. Masson,

which they state was received soon after the discoveries of

Faraday on the induction of a current on itself, were made

known in Paris. This is somewhat indefinite ; bat as these

discoveries were published in the latter part of 1834 and

bei^inning of 1835, we may be safe in taking the date of

Jim 1835, for M. Masson's experiments. Becquerel's re-

port mentions the coil of 1,400 feet of wire, th'j use of a

number of pairs of WoUuston battery, and the toothed

"wheel circuit-breaker. Also the production of shocks of

sufficient power to kill a cat. It is probable, therefore, that

M. Masson preceded Dr. Neef, and that be was the first to

obtain secondary currents of bigh intensity from a primary

circuit by using an intensity battery, and to use a mechani-

cal circuit-breaker in connection with the coil. M. Masson,

in concluding his paper referring to the publication of Dr.

l^eef's experiments, pays they were "made subsequent to

his own." M. Masson's toothed wheel was revolved by a

pulley, band and multiplying wheel. He did not employ a

secondary circuit, and tbe great length of his circuit wire

and extended batteries rendered tbe wbole too cumbrous

•for medical uses.

In 1836 Prof. Page commuoicated to Sillijnan's Journal,

vol. 31, page 137, a description of an induction apparatus,

under the following caption :

*^ Method of inereasiiig shocks arid es^riments with Prof.

Menry^s apparatus for obtaining sparks and shocks from the

Oahrimotor, by 0. G. Page. Salem, May 12, 18S6."

An engraving is given of the apparatus, and on reading

the description it is found to be distinct from any which

preceded it, in several important particulars. It announces

the interesting and very important discovery, tliat the

Digitizeo by ^(j^j-^.l'^
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'* sJiock is very much increased by breaking the circuit over

mercury covered with water or with naptha." A descrip-

tion is giveo of two meclionical circuii-hreakers for producing

a rapid succession of shocks—one made of a rasp, and the

other a revolving spur-wheel. A postscript to the article,

dated Salem, Junk, 1836, describes an automaiic circoit-

h>eaktr, cor!f?isting of Larlow's sjMir-wheel included in tlio

circuit. It mentions the "charging of a Leyden jar by the

secondary current," and the decomposition of water, togetlier

with several other novel and interesting experiments. But

the most important feature of novelty is that of increasiuy

shocks" as the caption indicates, by the use of a longer coil

for the secondary current than that used to transmit the

battery current, and also in producing shocks from a purely

secondary coil exterior to the primary coil.*

* Prof. Pi^, at the time uf this annouHct ineDt, was a miidical sindent^

and had no facilities at that time for obtaining a knowledge of the pro-

gression of electrical science in Snrope. Information, however, of Prof.

Page's experiments was carried to Burope by Francis Peabody, Balem,

Mass., aud commnnicated to Mr. Sturgeon iu advance of their publication

hero. Although Mr. Peabody witlihfld Prof. Page's name, yet lie df»-

Sf-ribt'd Prof. Pago's apparatus, f .~i *' S^turgt on's Ainial's, vol. 1, page .09, J

ami not Prof. Henry's, while lie gave tlm rredit, ;i.s Mr. Stnrgenn states, to

" Prof. H«']iry, of Yale College." The lueution of this little circumstance

iB ui historical value, iuasiuuch iXA Mr. Sturgeon's notice of the discovery

in his journal was dated September 24, 183G, and in the commencement

of his article he refers back to the interview with Mr. Peabody, as "a
week or two prior to the Bristol meeting of the British Association; " and

Prof. Page's paper did not appear in this country until the January num<*

ber of Siiliman's Journal for 1837. The Bristol meeting was held in Au-

gust, and a week or two before would date the information given by Mr.

Feabody in the latter half of July, Prof. Page exhibited his coil

in operation to Mr. Peabody before he left for Europe, and the betrayal of

his mistiiko thore is fixed by the following circumstance. Keferriug to a

devine of Lis owu, Mr. Sturgeon says, (vol. 1, page GO,) *' figure It) is

Very unlike tii.' apparatus whioli Mr. Peabmly described." "Dr. Henry's

apparatus c nsis^tn of a long strip of bht et copper foruit^d iuto oue coil iu

the manner of a watch spring, having one of its extremities in connection

with one of the plates of a large calorimotor, and libout half-way between

f
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In reviewing tbe history Ihm far given of induction, which

is believed to be full as to all important facts aod principles,

we find no allusioa whatever to an inleuaity circuit, inde-

pendent of tbe primary or battery circuit Ko mode what-

ever of increasing the intensity of a secondary current from

a coil of wire or spiral of ribbon, except by enlarging the

battery, and increasing its intensity as tbe length of the coil

or spiral increased. The only instance of a secondary cir-

cuiL ai iill, was in i ui aduy's experiments, and this was 8u em-

ployed as to iLU'ni.sh a ;«econtIary ot le^s intensity than the

secondary ol the primary circuit. In fact, the portion of tbe

secondary circuit, exterior to the primary circuit, was only

one-half the length of the primary, the other half being

coiled within tbe primary circuity an arrangement of disad-

vantage for displaying the action of tbe secondary circuit.

We find, moreover, no attempt to produce electro-static ef-

fects with a secondary eurrent. The coil of Prof. Pasfe con-

sisted of a spiral of copper-ribbon, one inch wide, aod 220

feet lo^'g, being 124 I'eet longer than the longest used by

Frof. Henry in his experiments. The coil was placed in a

wooden box, Fig. 1, through the cover of which projected

six copper strips, connected with the spiral at various dis-

tances from tbe centre, eacb bearing a mercury cup, C C.

Tbe central cup P was large, and made of glass, for the bet-

ter observation of the spark, and to receive water or any

spark aiTcsLiug liquid over the juercury. The various

lengths of cod included between the intermediate cups were

the eztremitifls of tbe copper strip is oonneeted the other Voltaic plate,

and the pereoa who «»xi»eriences the shock ie placed in connection with the

two exttemitl«a of the coil.'* Now, this is a correct description of Prof.

Pagers apparatus, and ad Prof. Henry's ; for the mode of connecting the

battery with the middle of tbe coil and taking the shock from the whole

coil forms the di8tin<;ui9hiag featuri; of Prof. Page's coil, and between his

and Prof. Henry's, and every other coil which preceded it. Tliis announce-

ment of Pruf. Page'o mil ondoabtvdljr gave the first impulse to the pursuit

of the subject in £urope.

Digitizeo by
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shown in numerals. The rurfp K is shown placed on the

box. This arrangement admitted of making the primary

and secondary circuits of Tarious lengths, and testing the

maximum effects of batteries of different powers in produ-

cing currents of intensity. The only batteries mentioned

were simple batteries, that is, single pairs of different sizes.

]>ui we are justified in an interpolation to the (;llect that

several kinds of batterie? were used, and that when mention

is made of " charging a Leyden jar by the coil," it should

have been stated tliat an intensity battery was used. It is

contrary to the plan of this work to introduce facts which

are not a matter of record. The insertion is here made,

however, for the mere purpose of explanation and reconcilia-

tion, with a statement found in an unpublished letter from

Prof. Page, forwarded for publication in Silliman's Journal

Dec. 2d, 1887. This letter was returned to Dr. Page at his

request, and contains on the back the following endorsement

by Prof. Silliman :
" Dr. Page, on Sturgeon's dynamic lines,

received Dec. 8, 1837," and also an autograph note on the

margin from Prof. Silliman, ** congratulating Dr. Page on

his success," etc. After a long discussion of Sturgeon's

theory, the letter ends thus: "In concluding this paper, it

gives me pleasure to announce that, alter repeated trials and

failures, 1 liave at last succeeded perfectly in charging a Ley-

den jar by the action of the spiral, in counection with a

single pair of plates." The spiral; by this time, was 320 feet

long, (Sill's Journal, vol. 33, No. 2, page 355,) and a single

pair of plates found to be capable of charging a jar, which

it would not do when tried before. As the jar was charged

before, it was of course effected by a battery of intensity,

and not a single pair. The explanation has this value alone,

that the intensity of the secondary current obtained in the

first experiments with the spiral, seemed, when measured by

other tests, hardly adequate to the charging of a jar so as

to produce shocks," and the explanation restores consist*

ency to the statement.



In the previous Ootob&r No. 1837, of SilPs Journal, page

356, Dr. Page described the passage of the secondary current

between charcoal points '* he/ore contact" In this letter allu-

sion is made to an unsucucsslui trial to increase the length

of tliis ijpurk iu v;u;uu 7. with a siniT^lc, pair of plates." That

he liad not tried it with an intensity battery, but expected

then to dnd an increase." A portion of the letter is also

devoted to the importance of attention to the " manner of

breaking the circuit to obtain the maximum intensity."

Not the least important feature of this letter is the recom-

mendation of local circuits for electro-magnetic telegraphs

" where the diatauces arj great." Kocurring to the deserip*

tion of the spiral, the following conclusion was reached, and

thus stated, (page 139 :)
" These last results show that the

real maximum, as indicated by the shock, is given by the

direct circuit through half the coil, with the lateral co-ope-

ration of the other half." The shocks were also obtained

from the pure secondary circuit—that is, the circuit exterior

to the primary or battery circuit. The shock is an indica-

tion of intensity, and this is the first imtance on record 0/ the

jiroduction of a shock 171 this -way.

It wa.s by the eiaploymeut of this powerful coil that Prof.

Page first obtained the thermo-electric spark and shock,

thus identitying thermo with Voltaic electricity. He first

obtained the spark in August, 1836. (Sill's Journal, vol.

33, p. 118.) It was afterwards obtained by Italian philoso*

phers,* Antinori and Linari, (Llndicatore Sanese, No. 50,

Dec. 18, 1836.)

The next induction coil we find to be that of Prof. Cal-

lan, of Maynooth College, Ireland, allusion to which has

been before made. Prof. Callan's de??criptiou of this coil is

found in the London and Edinburgh Philosophical Magazine

for December, 1836. This communication is dated August

23, 1836. Prof. Pagers communication to Sill's Journal was

dated May 12th, 1836, and its postscript June 8th, 1836. It
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did not appear in that Journal until the January No. for

1887 ; but, as we baye shown above, through the maladroit

accounts givca by Mr. Peabody to Mr. Sturgeon ;ind others,

it was published in Sturgeon's Annals, vol. 1, No. 1, page

98. The whole passage giving this description has been

already quoted, and also the fact stated that Mr. Peabodj's

relation of the discoverj was given to Mr. Sturgeon and

others in the latter part of July, 1836. Mr. Sturgeon re-

marks that Mr. Peabody was in company with Mr. Clarke,

philosophical instrument-maker, at the time. These dates

and peculiar facts settle the question of prioriiy in favor of

Prof, Pa<j'% l-y-nd controversy. Prof. Callan's coil is de-

scribed as consistiDg of two coils of copper wire, wound upon

a bar of iron two feet long, and one inch in diameter.

" These wires were in two lengths of 200 feet each, of the

same size, and the end of the first coil and the beginning of

the second wereimmersed into the same cup of mercury—^the

Voltaic current was passed through the first coil only, and

the shock lakua by making a coinmuuication with ilic be-

ginning of the Hvai coil, and with the end of the second."

It was not stated whether one coil was exterior to the other,

or whether they were side by side on different portions of

the bar. The mode of obtaining the intensity current from

the secondary current was precisely a repetition of that of

Prof. Page's. No mention is made by Prof. Callan of a shock

or a current from the purely secondary circuit.

In the Lond. and Edg. rbil. Magazine for October, 1857,

(vol. 14, page 323,) we find a long article from Prof Callan,

asserting his claim as follows: " I was the first to discover .

the mode of making a coil by which a current of great in-

tensity could be obtained from a small battery, and this was

communicated to the Lond. and Eng. Phil. Magazine, Dec.

1836. Mr. Faraday was the first who developed the laws of

electrical induction, but he did not discover the method of

making a coil by which a current of very great intensity
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may be obtained from a very small battery. T sent a coil

to Mr. Sturgeon, in the summer of 1837, and this was the

• first coil of great power ever seen outside the College of

Maynooth. In April, 1837, I described in Sturgeon^s An-

nals a circait-breaker, which Mr. Backhoffaer says, in ona

of his papers in Stargeon's Annals, was the first contaot-

breaker ever made. Thus, before April, 1837, 1 had com-

pleted the coil as a machine for producing a regular supply

of electricity. I also was the first to discover that the in-

tensitv of the induced current was increased by increasing

the II u ni l)er of pairs of plates."

Prof, Henry, when experimenting with bis flat spiral,

which was only 96 feet long, found " little or no increase"

from increasing the number ofpairs of plates, but states that

'*it is probable that, if the length of the coil were increased

in some proportion to the increase ofintensity in the battery,

an increased effort would still be produced." He also states

as follows; :
" From other observations, I infer that the length

of wire necessary to produce a maximum result varies with

the intensity of the action of the battery, and also with its

size." (Amer. PhiL Trans., 1835.) M. Masson, in 1835, used

from six to twenty-four pairs of WoUaston battery with his

coils of 1,000 feet and oyer in length, (Annales de Ohemie,

vol. 66, p. 9 ;) and Dr. Neef, in 1839, used a pile or a battery

of intensiity, (i^ogg. Aiiuula, vol. oo, p. oo2,) to obLala sliucka

from the coil of wire on the electro-magnet. Professor

Callan also stated that he was the " flrst to obtain shocks

upon the completion of the primary circuit." Dr. Neef,

in the above publication, speaks of obtaining the shocks

upon completing the circuit. Both Professor Callan and

Mr. Baokhoffner must have been careless readers ofStur*

geon's Annals, for Mr. Sturgeon describes a contact-

breaker of his own in the October No, for 18S6. Prof. Page

described two contact-breakers in connection with his coil

apparatus completed in the spring of 1836, published in
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Sturgeon's Annfils, vol. 1, page 292. M. Masson, m France,

employed one in 1835, described in the report of Becqnerel

k Savary. at the Academy of Sciences, March 27, 1836,

(Compte Beodus, 1837 ;) and Dr. Keef described one, in

1835, working without mercury, in connection with a coil

around an electro inaijnct. Both these latter will be de-

scribed in another chapter. Mr. Callan put forth some ex-

celleDt instructions coocernirg the making and insulation

of coils, in the summer of 1887, but his coils were dispro-

portioned and unwieldy. In the May No. of the Annals,

page 804, be speaks of making a small " magnet for the

College, in which the iron bar was 2 feet long, 1} inch thick.

His advice, at this time, was to *' coil the wire on a long

and thick laji\se-shoe bar <>t' iron, etc. and the coil sent to

Mr. Sturgeon was on a iic)rsc-ri'.;oe electro-magnet. Prof.

Callan carried his experiments and inquiries no further than

to make large magnets and coils for producing shocks—one

magnet was 18 feet long. As be has, however, been oflen

mentioned by EaropeaD writers as the first inventor of the

induction-coil apparatus, we will recapitulate the bistorieat

evideaoes on the respective claims of Prof. Page and Prof.

Callan. Prof. Page's communication to Silliman's Journal

bears date May 12, 1836. Prof. Callan's communication to

Phil. Magazine is dated August 23, 1836. The invention

of Prof. Page was verbally communicated to the London

Electricians abont two weeks before the Bristol meeting of

the British Association, held in August, 1836, which time,

we suppose, must have been in the latter balf of July, and

a description of it published in October, 1886, in Sturgeon's

Annals of Klectricity and Magnetism, (vol. 1, No. 1, page

67.) Prof. Callan's experiment was published in the De-

cember No., 1836, of Lond. & Edin. Phil. Magazine. The

communication of Prof. Page was published in full in Siili-

man's Journal for January, 1837. Prof. Page, therefore^

was prior to ProU Cailaa ia bis experiments and eompletioa

2
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of his apparatus by more than three months, and two

months prior by publication, and prior by the verbal an-

nouncement of hi8 discovery in Europe by one month, to

the date of Prof. Callan^a oomtnanicattan. We, therefore,

renew liere the assertion made at the commeiicement of thia

ioTetttigatioD that

—

The first galvanic indudion apparatm, hy which shocks and

an intensity current teere obtained/rem a secondary circuit, wae

made hy Prof. Page ;

The first induction apparatus, hy which shocks trere obtained

from a pureh/ secondary circuit exterior to the j^rimary circuit,

was made hy Prof. Page ;

The first induction apparatus, in which the battery current

was caused to pass through only a portion of the circuity while

the shocks were takenfrom the whole circuit, was made by Pr^,

Page;

The first induction ajiparatzis, in which (he secondary circuit

tms I'jnger, and many times longer than the granary circuit,

was made by Prof, Pag^
Prof. Page's coil was a fiat spiral of copper ribbon, and

had no magnetic core ; and Prof. Callan's coils were made

of wire» upon electro-magnets ; bat both these forms of coils

re known before. The wire coil, with magnet ioclosed,

was many years old ; and Dr. Ritchie introdaced the flat

spiral, or coil of copper ribbon, for magneto-electrio induc-

tion, in IQSZ.—Phil Trans., 1833, p. 230. The principle of

action » the same in both. The flat spiral exhibits but little

increase of intensity from an inclosed magnet, while th^

Ylre ooil shows it in a marked degree. Both these facta

were noticed prior to Profl Page's or Prof. Callan's experi-

ments. The fiat spiral was not so convenient nor suitable

for curry iDg the induction to such a degree of intensity aa

the wire coil, and this was self-evident at the time Prof.

Henry performed his experiments wilh the flat spiral, and

i^ been clearly iAdioated and p^ctio^d m the ixnxaense
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lengths of wire awd upon the armatures of the mnc^neto-

electrie maohines in the years 1833, 1834, and 1835, by

Saxton and Clarke. Prof. CaUan used in his coil 400 feet

oC wire, and from one to fourteen pairs of platea. IC. Mas-

son, in 1835, used 07er a thousand feet of silk covered wire

for his magnetic coil, and from six to twenty-four pairs of

Wollapton plates. Dr. Ncef does not mctiLion the amount

of wire uj> ii bis magnet iii 1835, but, as he used a batt^jry

of intensity, and obtained sevore shocks, he musl have used

a very long wire. In view of these facts, we cannot see,

therefore, that any argument can be made in favor of a dis-

covery or new invention on the part of Prof. Callan, except

his own peculiar form of meohantcal circuit-breaker. He
merely repeated experiments made before, by Prof. Page

and others. Subsequently, as we shall see, he performed

them upon a larger scale than had been done bcfttro.

It was well said by Mr. Sturgeon that the 'experiments

by Mr. Page are very important." They laid the founda-

tion for the construction of the whole of that class of instru*

ments and experiments adopted in the pursuit of the subject

of intensity currents by induction in secondary circuits,

which has progressed to such an extent that, beginning with

the feeble charge of aLeyden jar by Prof. Page'> coU. we

have now coils giving !?parks fifteen inches to two feet m
length. The same principle of construction is found in all

the induction coils for medical purposes made since 1836.

Having thus established the claim of Prof. Page to the

first induction apparatus for obtaining shocks and intensity

currents from a secondary circuit, by a full and impartial

historical review, and, as we think, the most conclusive

proofs, we shall proceed to notice some of the subsequent

productions by others, and show how quickly the impulse

was given to European electricians to follow up this inter-

esting and important investigation. Mr. Sturgeon, with th^

desehptioii of Page's apparatus before him, did not at flrst
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appreciate ite principle, fts he afterwnr ls ftekaowledged. In

the self'Same article, be was describing an attempt to pro-

duce currents of intensity by the use of two coils which were

not in such a relation to each other as to be suliject to

inductive action. (Sturgeon's Annals, Oct. 1836, page 67,

et seq.) Eight mantbd afterwards, in commenting upon tlio

"importance of Mr. Page's experiments,'* a full description

of which he had just given, he acknowledges the cause of

his failure in former experiments, and remarks, " I now ob-

tain shocks from secondaries alone." These remarks from

Mr. Sturgeon, who, as the editor of the only journal in exis-

tence at that time, and, moreover, as a distinguished electri*

cinn himself, must have had the means of thorough informa-

tion upon wliut liad been accomplished up to tliat time,

afford incidentally the strongest corroborative evidence of

Prof. Page's claim to priority.

In the April No. of Sturgeon's Annals for 1887, Prof. Cal-

Ian commanicated a brief article describing a complicated

mechanical contrivance for breaking the primary circuit

with rapidity, so as to obtain shocks from the electro*mag-

net. In the course of this article, he speaks of the thick •

wire for the primary, and Lh.n wire f(jr the secondary cir-

cuit, but does not give the length of either. The communi-

cation was without date. Thin or fine wire i^ purely a re-

lative expression, but here is meant a wire for the secondary

smaller than that used for the primary circuit. We are un*

able to trace accurately the history of the introduction of

fine wires for intensity circuits. The wire in common use

for conductors and coils, from the commencement ofexperi-

ments in electro-magnetism, was bell wire, or No. lt>,

which is about ,V of an inch thick ; and unless authors

specify the diameters of wires, we take it for granted that

(Bopper wire means bell wire size. Mr. Clarke, the author of

pne ofthe principal forms ofmagneto-electric machines, says

:

** Hayings in November^ 1634, tried the eflecta prodnced by
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ooils varying in diameter, I found that the thick copper bell

wire gave brilliant sparks, but no perceptible shock, whilst,

on the contrary, very fine wire gave powerful shocks, but

very indififorent sparks. I took advantage ofmy discovery,

and furnished my machines with two armatures—one of

thick wire, and one of fine wire." (Lood. and Edin. Phil.

Magazine for October, 18il6.} So far as we are able to learn,

Prof. Callan was the first to adopt the fine wire for the

secondary coil, in combination with a coarser primary wire

on the clecl:.ro-rnagnet.

In Sillirnan's Journal for 1837, vol. 82, No. 2, Prof. Page,

nnder date of April 19, 1837, stated that he bad increased

the spiral to 320 feet, and that with 12 pairs of plates,

(Daniell's battery,) a current of sufficient intensity was ob-

tained in the induced or secondary circuit as to pass before

contact between points of charcoal. This was obtained

with an automatic circuit-breaker, made of a Ritchie revol-

ving magnet, the mercury being a cylindrical glass cell and

covered with water. The hiyh intensity of the secondary

in this case was due to the mode of breaking the circuit.

Three other kinds of automatic circuit breakers were de-

scribed in this article. *In the July No. of Sturgeon's An-
nals for 1837, (voL 1, page 876,) Prof. Callan, under date of

June 14, 1837, describes a newly constructed electro-magnet

of great size, the bar of iron being 13 feet long and 2J
inches in diameter, covered with a primary coil of large wire

490 feet long, and a secondary coil of fine wire 10,000 feet

long. The shock was sufficiently intense to kill a fowL

Near the close of this article, he alludes to an observation

made about four months before, with a thick and thin

wire coil but in a subsequent communication, dated three

months after, and published in the October Ko. of Stur-

* Owing to some erroneous antedating of Prof. Callan** and other oom-

munioatlons, we introdttoe them here in advanoe of their ohroaologioal

poiilioo.



geon's Annals, (vol. 1, No. 6, page 493.) he describes the

same obstii vation as made ubout " four months belv>re;" and

this latter is undoubtedly the correct date, aod would carry

the date of bis ado|>ti<>n of the fine wire coil to about the

11th of May, 1887. Many of Prof. Callan's statements are

loosely made, and the period of about four months " seems

to have been a favorite mode of antedating, as it occurs

three times in these last two communications. Another

very singular anachronism is found in connection with his

communication just referred to in the July No. of Sturgeon's

Annals. It is dated June 14th, 1836, instead of 1837.

This date may have misled those who did not look beyond

the oommanication itself. Under such a d%te, however, the

facts communicated would be utterly irreconcilable with his

former eommunicationa, especially that published in the

December No. of the Lond. and Edin. Phil. Magnzine, which

we h'dva before cited, and with his claims set uj) hi li;e

second volume of Sturgeon's Annals, page 318. The mis-

take of the date is, however, clearly proved by a promise

made in the last clause of the oommuoicatioQ taken in con*

section with a reference to this promise in the ensuing Oo*

tober No. of the Annals* (page 498.) The promise was to

fiimisk for the October No. a description of ai electro-

msgnetic engine he was then building." In the Octobe?

Isu., 1837, be says, under date of September 11, 15-37, "the

engine I was building in June, meuuoDed in the July No.

of the Annals, was tried before it was completed, and found

to contain two delects. It will be ready for work the end

of this month, (September, 1887.) or the beginning of next."

This establi^es tbe lad that the dsto should have been

1887, instead of 1886^ beyond all controversy. If it were

a genuine date, it might well bring the claim for Prof. CaK

Ian to the mduclion secondary lor shocks to a par, or even

beyond that of Prof. Page; for, if he made this communica-

tion under date of June 14, 1836, and an "observatioa^'



"about four months before," with a short Coil of thick wire

for the primary circuit, and a long coil of thin wire for the

secondary, that observation would have been made at least

two months before the date of Frof. Page's first communi-

iiation. We are thus particular in exposing this error, »s it

may have given rise to a falae impression ia regard

to Prof. Gallants claim.

Another case of equivocal antedating is found in Noad^s

Lectures on Electricity, published in London in 1854.

(Noad's Lecturcj^, page 405.) The author says, "on repeat-

ing the experiments of Faraday on induction, soon after

their publication, he was induced to try the effects of strong

and weak currents on a flat coil of considerable breadth."

He then proceeds to describe a flat spiral, of the same

length and size as that made by Professor Page, and the

whole eonjstruction, even to the use of " Itsi^ for insulation,

presents a fac simile of Professor Page's spiral, and the re-

sults obtained were very similar. Faraday's experiments

were published in the latter part of 1884 and beginning of

1835, and the language of Mr. Noad would leave the im-

pression that he availed himself promptly of the disoovef-

ies of Faraday to carry out his own views. In his Manual

of Electricity, subsequently published, (Part 2, page 704.) he

makes the language a little stronger, as follows :
•* The fot-

lowing c.xpLi iiiicnls were made by the author shortly after

the publication of Faraday's researches." The statement is

too vague for admission as historical evidence. Fortunately,

however, we can so far flx upon the date of these experi-

ments as to show that "soon affasr" and shortly after

eould not have been less than three yeare after. In experi-

ment 18, Mr. Noad says: "By employing Callans* coil (an

arrangement to be described presently) powerful shocks

were ubtanscd from the secondary current." As Professor

Callan's coil was not known until October, 1857, (Sttirgeon^s

Anmla, October 1837) the experiment was not made, of



oonrse, until after that time. In the Manual, (Part 2, page

707,) Professor Callan's name is dropped, and the luiigiuige

used ia, '* by employing a coil apparatas." Tins does not vary

the case inucli, for there \vas lu) coil apparatus known be-

fore Professor Callan's, except Prufessor Page's. Mr. Noad
also speaks of using Ritchie's magnet tor a circuit-breaker

in the same experiment, and also a revolving wheel. hie

makes the coincidence with the Pago coil still more striking,

as a revolving wheel was used with it in 1836, and the

Bitchie maunet as an automatic circuit breaker in April

1837. (Sill's Journnl, vol. 82, page 356.) Mr. Noad does

not appear to have made kiiown his experinieuLs uq.u ouuie

years after their alleged performance.

la the year 1837, especially during the latter part, a lively

ioterest was manifested in this subject in England, and

quite a number of forms of induction apparatus by dififer-

ent authors were published in Sturgeon's Annals. Mr.

Barker, under date of December 12, 18jS6, communicates

to Sturgeon*B Annals (Vol. 1, No. 2, page 169) for January

1887, UuiL he making a helix of 2,000 leet of wire

around a glass tube Lliree feet long, into which a bar of

iron was to be inserted, lie also sends a figure without a

description of a mechanical circuit- Greaker, the same in

principle as the spur wheel of Professor Page. No report

of the operation of this coil was published.

In the April number of Sturgeon*s Annals, page 193j Mr.

Sturgeon described some experiments with a coil of wire

SOU ieet long and 1-20 ui' an iucli Lliick, i:overed with silk, it

was wound upon a wooden reel or bobbin, having a central

opening for the admission of an iron bar about two inches

diameter, and the space between the cheeks of the reel two

inchesi and various experiments are detailed with this coil

and others of less length. In the course of these experi-

ments he made the interesting discovery that the coil 300

&et long gave atrouger shocks on a straight bar of iron



thhu upon a bent or boive-shoe form, and tbe still more re*

roarkable and interesting discovery that the same coil,

iirhen occupy iug a f^bort space over the middle of tbe bar of

iron, gave a inucb stronger shock than whe!i wound over

tbe whole leiigLh of tlio bar, TiotwiilistaiKling the latter

mode of winding proihiccd the slruiigest niagutt. These

discoveries have siuce been veriiicd by others. No attempt

was made with a secondary circuit, the coils being prima-

ries only.

In tbe May No. (1887) of Sturgeon's Annals, vol. 1, page

300, Pror. Callan describes an electro^magnet of great size

—

13 feet long. 2| inches diameter—covered with thick and

thin wires—tbe thin wires being of iron. lie also describes

a pcjwerful magnetic coil, with 50 feet of No. 12 wire for

primary, and l.iiOO feet of No. 40 iron wire for secondary,

coib With a single pair of T-incb plates this gave powerful

shocks. The tbin wires in both the above cases were sol*

dered to tbe primary wire.

In tbe Jnly No. of Sturgeon's Annals, page 376, Prof.

Callan describes a large coil. The magnetic bar was 18 feet

Igng and 2^ inches diaujcter. The priinarv wire, | of an

inch in diameter, was in seven lengths, each 70 (cut long.

The secondary wire was of an inch in diameter and

10,000 feet long. This has been before described. The
primary and secondary wire were connected together, and

no observations made .beyond those of sparks and shocka,

Up to this time all the ooils made were either primaries

alone, or else the secondaries were connected with tbe pri*

manes.

In the October No. of the Annals (page 470) is published

a paper read by Mr. Sturgeon, August 5, 1837, before the

Iiondon Electrical Society. lie describes a coil, with a pri-

mary circuit of thick bell wire, two hundred and sixty feet

long, and the tbin wire for the secondary 1,300 feet long.

These were wound on a hollow reel of wood—tbe distance
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between the cheeks of the reel being ivuo inches. This form

was not the best for displaying magnetic reaction, but was
much more convenient than the coils of Prof Callan, whioh

were wound permaoently upoD very long and large bars of

soft iron. Mr. Sturgeon*8 ^oil was fitted to a base board,

and provided with a mechanical circait-breaker, worked by
a multiplytng wheel, band, and pulley. With this apparatus

Mr. Sturgeon discovered that a bundle of iron wires inserted

in the coil gave brighter sparks and much heavier shocks

than the bar of solid iron. lie also t ried sheet-iron rolled

up, and plates of iron, with similar increased effects. In

the course of this paper Mr. Sturgeon states that Mr. Payne,

of Adelaide Gallery, and Mr. Bachhoft'ner, had also tried

the effect of the bundle of wire?, but does not furnish the

dates of discovery, and leaves the question of prtoriiy un^

settled. About six months after, Mr. Bachhoffner claims

that he first introduced the bundle of wires.

—

{SturgeorCs

Annah, vol. 2, p. 213.) Isu attempts were made to test the

intensity of the secondary by electrostatic tests. Mr. Stur-

geon recommended his apparatus for medical application,

and states that several had been ordered by medical men.

It is worthy of note, that four months after this annoance*

ment Prof. Page, without knowing what had been done in

Europe, made precisely the same discovery in regard to the

bundle of wires, the roll of sheet-iron, and the iron plates.

With Frof" Page the discovery was the result of a process

of purely inductive reasoning, as related by him in Silli-

man's Journal, (vol. 34, No. 1, page 167, for July, 1838,)

and he promptly applied it to the induction coil, together

with his' spark-arresting circuit-breaker, to develop eleo*

trostatio effects by secondary currents of the highest in*

tensity, as we shall show in the chapter on oircttit-bredken^

and elsewhere.

Some time in September, 1887, Prof. M'Gauley, of Dub-

lin, exhibited at the meeting of the British Afisociation, at
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Liverpool, an electro-magnetic coil apparatus, which, thou^^h

very awkwardly constructed, jet embraced one very im-

portaDt and ingenious feature, viz: an automatic circuit-

brdaker, which was, in one particular, the type of most of

the automatic circuit-breakers now in use. It, however,

was deficient in having no adjustment to rary its force.

This will be explained in the chapter on circuit-breakers.

Suffice iL to remark, it was the Ji^sl invented in Europe.

Tbis coil consisted of two large wires—No. 18—580 (cet

long, each wound upon a bar of iron 2 ieet long and f of an

inch in diameter. The coils were inlerwound like Faraday *8,

and not superposed as in Oallan's coils and others. The

description was not published till ll}88.*—(Pro. BriL Asso*

eiation, voL 7, page 25. Proceedingt he/ore Lecturei,)

In the October No. of the Annals, page 493, Prof. Oallan,

alter describing an utLcinpt tu uiorease the intciiiity of th«

secondary, by employing a series of coils upon separate

electro-magnets, and uniting them so as to get tlie combined

power, remarks, that, ibr the purpose of getting " increased

intensity in this way, care must be taken not to solder the

thin to the thick wires of the magnet, and to leave both

ends of the thin wires projecting.** To this remark Mr.

Sturgeon adds a note to the elKsct that he had used in his

lectures the thick and thin wires, each on separate reels, the

diameter of the tlun wire reel being such that the thick wire

reel could be inserted within it at pleasure. Mr. Sturgeon

gives no date to his time of using this arrangement, wliile

Prof. Gallants communication is dated September 11, 1837.

It is obvious that Mr. Sturgeon's plan insures complete in-

sulation of the secondary and primary coils, although this

does not seem to have been his purpose; and unless the

hollow axle of bis reel or bobbin for the secondary was

made very thin, there must have been considerable loss on

account of its remoteness from the })rimary. Prof. Callan

seems^ however, to have been fully aware of the impoxtanoe
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of attention to insolatioxi some time previous to this. In

the May No. (1837) of the Annals Elec. and Mag., page 297,

be remarks, as fallows: ** Sixthly, the intensity of the eleo*

triccurrtnt excited in the magnetic helix depends on the

insulation of each coil from all tlic other coils. However

great tlic magnetic power may be, however long or fine the

wire, however small itsdUtance from the iron, and however

perfect the coiling, the intensity of the electric current will

be but trifling if the insolation be bad. When high inten-

sity is sought for, the covering of the wire will not be suffi-

cient to insulate each coil from all the other coils. A coat

of seuling-wax varnish or some other non-conducting

cemt-nt will be necessary." In ibis same communication he

describes his secondary as connected by soldering one end

to the primary; therefore nil hough the layers, or coils, as

he terms them, were carefully insulated from each other,

the primary and secondary circuits were not aeparahUt as

in Sturgeon's apparatus. This is an important point of this

subject, as will appear hereafter in the chapter on the Klectro-

static Pttwers of the Coil. It is remarkable that, with these

advantages of insulation and separation of the coils, no at-

tempt whatever was made to indicate, an .intensity higher

than that for producing the shock.

In the October No. of the Annals* (18370 Mr. Bach*

hoffner describes his experiments with one of 3targeoii*i

compound helices and a new mechanical oirautt-breaker.

In this article he announces his discovery, that " by insert-

ing a bundle of iron wires in the helix, in place of a solid

bar, the power of the current is increased two-fold."

In the same Ko. is also a description of experiments, with

a powerful coil, by Mr. Clarke, instrument- maker, of Lon-

don, in which he states that, by drawing the " conductor

over a steel file placed in the circuit, a succession of violent

shocks will be received, and that this arrangement answers

very well Ibr iUostrating the efilbcts of secondary currents
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giving sbocks." For "appljing the shocks medicinally,

however, he introduces a spur wheel revolving in mercury."

The editor, Mr. Sturgeon, in a note, admioisters a rebuke to

Mr. Clarke for not giving credit where it was due, and states

that the same thing was published in a "prior No. of the

Journal, and that llie original eniployment of the spur wheel

aud mercury for this purpose was by Mr. Page." lie might

have added also the original use of the
^' file or rasp " for

this purpose, (see May No., 1837, page 293,) as it is described

in the same article.

In the January No. of the Lond. and Eilin. Phil. Maga-

zine, 1888, (vol. 12, page 18,) Dr. Golding Bird describes, in

a letter dated November 2, 1837, experiments with a eoil

consisting of a primary of 60 feet of wire 1-12 inch thick,

wound on a reel with hollow axis, threi inches in length,

and covered with cotton thread, for the purpose of insula-

tion, and over this a secondary insulated wire 1-80 inch

thick and 1,800 feet long, also covered with cotton. Power-

ful shocks and electrolytic effects were obtained by an auto-

made or magnetic contact-breaker, which he extols very

highly, in place ol the incchanical circuit breakers. Ai Uie

conclusion of his letter he states that, when he invented this

it was new to him, but that on tho arrival of the October

No. of Silliman's Journal for 1837 he found that he bad

been anticipated, and the merit '* of originality belonged

to Dr. Page.'* It appears that comparatively little interest

was manifested in France, Germany, or Italy, in this sub-

ject during the year 1888.

In the March number of Sturgeon's Annals for 1838,

page 204, Kev. Mr. Nesbitt describes a coil apparatus simi-

lar to Sturgeon's, or rather to Bachhofifuers, and also a new

circuit-breaker, which was not so noisy as the ratchet wheel,

the spaces between the teeth being filled up with wood.

Immediately following is an article from Mr. Baohhoffiier,

in which he gives the preference to his rat<^et wheel cir-
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ouit-breaker over the antomatic circuit-breaker of Dr. Bird,

for tbe reasoti tliat in the latter the ** poles of the magneta

require nice adjustment, and stop the acUuu li at. all dis-

placed."

In tbe April namber of the Annals for 1838, page 318,

Professor Callaa makes the following assertion :
" I believe

I waa the first who used the ooils for ahocka," By this he

means, of coarse, a primary and a secondary coil. In this

we have already seen that he was anticipated by Professor

Page.

The next coil apparaius of record is that of Professor

Page, communicated under date of June 2d, 1838, for Silii-

man's Journal, and published in October following. In this

machine, called tbe Magneto>£Iectric Multiplier^ the pri-

mary and secondary circuits were insulated from, and inde-

pendent of, each other, and wonnd upon a bundle of iron

wires, bent into a horse-shoe or U form. The circuit-breaker

was so arranged upon a shaft bearing an armature that the

circuit might be broken at the instant the armature re-

quired the maximum of mechanical force to cause it to re-

cede irom the poles of the magnet, and thus effect the more

sudden neutralization of the magnetic forces, and augment

the intensity of the secondary. It is emphatically said of

this coil, that the ** mondary is tMulakd /wm, and cn-

Hrefy iwjkpendetU rf, Ike primary We have already seen

that Professor Oallan recommended the separation of the

two circuits, but only in case a number of magnets were to

be united for the purpose of getting the sum of their second-

aries. That Mr. Sturgeon also used primaries and second-

aries, coiled on separate reels or bobbins, without reference

to any incresse of intensity, but merely for showing their

powers when separated. A convenient arrangement for such

purpose, but not so economical of apace (an important ele-

ment) when they were put together, as when the coils were

wound one upon another, with a thin insulating stratum be-
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tween. The only otlier coil apparatus, where the secondary

was superposed, presenting thi". feature, was that of Dr.

Golding Bird, already described. In this the coils were

superposed, but not connected* There was do insulation,

however, except the ordinary cotton-wimUng on the wire,

which experience bad already shown to be inadequate for

the insulation of high intensity. The developments of this

coil of Professor Page were novel and striking, and it is but

jusL to say that it was the first published organized induction

apparatus in which the secondary and primary coils were

insulated and independent^ and at the same time overlaid—

that is, the secondary wound upon the primary, with suit-

able insulation between. We say the ''first published,"

because the next coil uf Professor Page, called the "Com-

pound-Magnet and Electrotome/' though completed in

April, 1838, as we shall see, was not published till November,

1538. This bad the same construction. The following

striking results were obtained : The secondary current was

so intense that it was "felt through the table and floor. It

" charged a Leyden jar," and when a " single tbermo*electrio

pair of bismuth and antimony heated and cooled was con-

nected with the primary, a shock was received from the

secondary which was felt as far as the wrist*' It also gave

shocks, without breaking the circuit, by the mere move-

mcDt oi ihe armaLurc. De La Rive, m his celebrated work

on Electricity, published in 1853, (vol. 3, page re-

marks, that "one of the induction machines most anciently

employed in the hospitals of Paris, is that of M. Breton

Brothers, (Fig. 431,) in which following the system devised

bj Mr. Page, etc., etc." It was merely a repetition of the

magneto-electric multiplier just described. The value of

this invention was extensively recognized among the

physicists of Europe, and was employed by them as an

instrument of research superior to all others of its class.

Becquerel informs us that, in studying the eiiects of in-
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duction produced by the movements of different metals, M.

Brequet, and also ^f. Berdet^ both adopted " la machine de

Page." {TraUi d'Eitciricili, vol. pp. 269, 2(54.)

The next published account of induction apparatus is also

one of Prof. Pagers. The first description of this improve*

ment is in a work published by Daniel Davin, Jr., of Boston,

in November, 1^38. The lillle work of 72 pages, thoagh

entitled a "Descriptive Catnloi^ue," is essentially a treatise

upon the subject of electro- magnetism and magnetic elec-

tricity. For the sake of distinction, we shall call it Davis*

first manual. Three pnges and a half are devoted to the de-

scription and explanation of this new induction coil appa-

ratus. It embraced two important and distinctive features

of construction. (S^e Fig, 2.) One the automatic device for

breaking the circuit, which is effected by the attraction

of a sn)all piece of iron, G, by one end of the ir.a;ynet, the

iron being attached to a wire E, suspended over a glass

mercury cop M, in such manner that the motion of the iron

lifts the wire from the mercury and breaks the circuit. The
distance between the iron and magnet is easily adjusted, as

also the force with which it is held, and pulled back by

means of the adjusiable weight F, so that the length and ra-

pidity of the vibration may be reindated at pleasure. It was

the first circuit-breaker in which the resistance was adjust-

able, without alt(*ring the attractive force. It is not intended

in this resumi to give a description in full detail of the

various kinds of apparatus referred to ; for this, the reader

must have recourse to the original communications, refer-

ences to which have been carefully given. The following

comprehensive quotation will suffice :

" Page's Compound Magnet and Elsgtbotohb."

" This instrument consists of a horizontal compound eleo-

tro-mngnet, (meaning by this a wire magnet,) enclosed in

two sejparale helices, entirely insutnied/rvrn rdch oilier, (one the

inner, for the electric current from the battery, and the
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other for the induced current,) with a vibrating" apparatas

attached above, bjr which the battery carrent is interrupted

and renewed alternately in rapid saccession.'* The other

important featare of operation ia what we term the spnrk*

' arresting circuit breaker. By covering the mercory in the

glass cup with " water, oil, naptba, alcohol," or other poor

conducting liquid, when the wire is lifted from the mercury

the i?epnr;ition spark of the primary is presented to a great

extent, and the whole reactive force of the mngnetism is

suddenly exsrted upon the secondary coil, and thus aug-

ments the intensity of the current. It is statad that " water,

oil, or naptha, upon the surface of the mercury, diminishes

the brilliancy of the sparks, but increases the intensity of

the shocks.'* " Prepared cliarcoal points, utLached to the ex-

tremities of the fine wire, and brought almost in contact,

produce n beautiful light. The extremities of the fine wire

will also decompose water, deflect the galvanometer needle,

and charge the Leyden jar."

Frof. Page, who furnished the material for this descrip'

tion, asserts that, instead of deflecting the galvanometer

needle, it should have read, "dt^ fleet the gold leaves of the'

electroscope." We have proceeded in tins work upon the

principle that nothing should be assumed unless directly or

indirectly substantiated by the record of facts. It was, of

course, in such a connection entirely superflous to state that

the secondary current deflected the galvanometer, and in the

next edition of his work, when Mr. Davis explains how the

decomposition of water was accomplished by this coil and

circuit-breaker, and other results produced, he states that

" it diverged the gold leaves of the electroscope without a

condenser." (Edition of 18^2, pp. 183, 184.) This po ut will

be more fully investigated undei the chapter oa the Electro-

static Powers of the Coil.

We may form some idea of the importance attached to

this induction apparatas, from the fact that, in a aupplemen-
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advertises three different sizes of the same. One with 3,000

feet of fine wire, one with 2,000 feet, and one with 1,000

ieet, the prices being $20, $16, and $10. He also described

an interesting modification of his own inyentTon of the ,

spark arresting circuit-breaker, can.sin;^: llie wire ti) vibrate

in llie mercury cup by means ot" clock work. (See Fig. 3.)

In connection with tbia, the coils were placed in a vertical

position. There was also attached to the base-board the

steel rasp, the original circuit^breaker adopted by Pro! Page

in 1886, (Siirs Jonrnal, vol 31, p. 140.) In describing

the working of this identical apparatus in the edition of

Davis' Mannal of Magnetism, published in August, 1842, it

is stated that " water or oil, poured on the surface ol the

mercury, dimmiahes the sparks, but increases the chucks. A
beautiful light is produced between charcoal points almost*

in contact. Water may be decomposed by iine platinum

wires, having their points guarded by glass tubes. The ex-

tremities of the wires are luminous—one constantly and

brightlyI and one feebly and intermitting ly. Bapid dis*

charges are heard in the water, producing sharp ticking

sounds, audible at the distance of 80 or 100 feet. A Leyden

jar is charged so that a rapid succession of shocks may be

received from it. A gold leaf electroscope is diverged with-

out the aid of a condenser." It should be borne in mind

that this is a description of the operation of Prof. Page's ap-

paratus, on sale, and fully described^ and advertised four

years before, with the exception ofthe clock-work, which, of

course, did not affect the results, and is quite a chapter on
the Electrostatic Powers of the Coil.

It is pertinent to the object of ihU investigation to

remark, that upon a review of ail the recorded experi-

ments and observations made with induction coils, we
find that no attempt had thus liar been made to produce

*Aliuost in contact it, of ooozae, not in oontaot.



electrostatic effects by the secondary 'current by aii v author

except Prof. Page. Experiments had been made Ions? be-

fore with a view to establish the identity of galvanic

and frictional electricity, and the current from the mag*

neto^electric roachice had been made to produce eleotro-

static e£fect8, but the earrent of Yolta-electric induotion had

been let alone in this respect by all experimenters, from

Faraday down to the latest of our record, except by Prof.

Page. So steadily was this important point kept in view

by liim, that in each of the live"* publicjitions nuide by him,

from Ibot) to l^o^, on induction coils and secondary cur-

rents, some allusion is made or some result obtained to

illustrate what is now*a*day0 generally termed the conversion

of dynamic into static electricity. It is also worthy of

remark, that, notwithstanding the early publication (Sillt-

man's Journal, vol. 81, No. 1, pp. 139, 140) of the intensity

results obtained by breaking tlie circuit under non-conduct-

ing liquids, and their republication in Europe in Sturofeon'a

Annals, and elsewhere, no one seems to have repeated the

experiments until their re-discovery by Poggendorff, in (Jer-

many, in 1854, and afterwards by Foncault, in Franca,

Pro£ Page laid particular atreBa upon this point in his rii*

tionale in l9!^^.^Sill, vol 84, No, l^p, 166, and ffoL S6v

No, 2, p. 256.) Du Monoel and Beoquerel both take the

gtound that the electrostatic character of the secondary

was settled by the experiments of Masson a ad Brequet in

1842. As will be hereafter seen, their results were, if not

equivocal, at least very far behind those obtained by Prof.

Page several years before.

A description, with an engraving, of the oompound mag*

net and electrotome, was eommunioated by Prof. Page to

Sillitnan's Journal under date of Navember 13, 18$8, and

« 8iUiinan»8 Journal, vol. 31, No. 1, pp. 139, 140 ; vol. 32, No. 2, p. 355

;

Tol. 24, No 1, p. 166 ; toI. 24, No. 2, p. 372 ; toL 3». No. 2, pp. 2&6, 267 j

«l80^ I>*vtt' Work «bov«'«ieBtioiMd, p. 49-
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published in vol. 35, No. 2, p. 258, July, 1889. The des-

cription is much more brief than thnt preriouslv pablished

in Davis' work, and ia prefaced with the statement that tbe

apparatofl was oompleted in April, 1888.

In the Joly No. of SilltmaD's Journal for 1838, roL 84,

No. 1, page 166, Prof Pa^e describes a series of very striking

results from the secondary current of a ne ,v ningneto-electric

machinp. Tt is true no secondary wire circuit was used

here, but the current was a pure secondary, and its great

power due to the oae of the spark arresting eircuil brmker.

Tbe alternating currents of tbe armatures were converted

by an original contrivance into one uniform current, and

this current, being led by two electrodes to the table or top

board of the instrument, was there broken by a vibrating

circuit-breaker, so regulated and adjustable that tlie circuit

could be broken at any desired position of the revolving

armatures. It operated in the same manner as that of the

compound magnet and electrotome, by lifiing a wire from a

glass cup partly filled with mercury, the surface of which

was to be covered with " pure water, naptha, oil,'' or other

non conducting liquid.'' "Alcohol, ether, etc., are also men*

tioned (page 165) as used in the oup. Among the remarkable

results noticed are—
First. " When one of the electrodes was suddenly with-

drawn from the other, a bright spark was obtained half an

inch in length."

Second, When the " lever trip " (the spark-arresting cir-

onit-breaker) ** was worked, the seoondary was seen to play

across the space between the segments of the pole changers."

This space was about jV inch, and the spark here was

projected without contact. It was, however, undoubtedly

aided by tbe abraded atoms of silver.

Third. "The shock from the direct current was imcom-

fortable with dry hands; but, when the secondary was used,

it was painful to touch the poles even with the ilngers."

L/iyiu<.Lu Uy Google
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Fourth. "It caused the gold leaves of the electroscope to

diverge strougly without the aid of a Lej'den jar, or ex-

tended insulated metallic surfaces."

FiftJi. " It charged a Leydcn jar at every touch."

Sixih. " A charcoal point on the knob of the jar afforda

a bright light at every touch."

Professor Page then proceeds to give the rationale of the

'* great increase of tlie secondary " by the use of the spark-

arresting circuit breuk( T. An engraving is also given of a

peculiar diliusi? Fpark spreading out over the surfaee of

bright metal to the extent of an iuch. We have not seen

a notice of this phenomenon by any other author. In the

Saxton and Clarke magneto-electric machines which pre-

ceded this, it required two sets of armatures—one with coarse

and one with fine wire coil—to exhibit the currents of

quantity and intensity ; but in this machine the decomposing

power was exiiibited by tlie direct current, and the intensity

and physiological efT'ects were produced by the peculiar

circuit- breaker. The lirst practical magueto-electnc ma-

chine was mnde by Mr. Sa>\ton, of Philadelphia, and that

just described was the first by which the way was opened

lor unlimited increase of the magneto-electric currenti by
increasing the number of magnets and armatures, instead of

increasing the size of the magnet and coils to which, of

course, there would have soon been found a limit. Allu-

ding to this machine, in November, lb88, (Sill's Journal,

vol. 35, page 252,) Professor Page promised to make one on

the same plan to " rival the largest galvanic battery in ex-

istenee," and explains the mode of obtaining a constant

stream of light by disposing of the armatures, so that while

one was giving the diminishing current, the other would

give the increasing current. The enlargement here con-

templated was afterwards carried out by Mr. Wheat?tone.

(See DanicU's Introduction to Chem. Philosophy, page5ti8j

akO| Du Moncel's Traits d-Electhcit^ page 861, vol. 1.)
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The next published induction apparatus of any note was

that of Mr. Gassiot, of England. {Vial. Trans., 1640, p. 188.

ReceivL'd ( 'ctober 11th ; read December 19, 1839.) More than

a year alter these experiments of Professor Page, Mr,

Gaasiot undertook to yerify whal was called the striking

distance—that is, the distance through wbioh the aeoondary

current would pass before the contact : or, in other words,

to test the electrostatic powers of the induced current. He
emplovLnl an accurate micrometer screw instrument, called

a " Micrometer Elcclroineter." capable of measurincf 1-5,000

oi an inch. He ibund that the current from a magneto-

electric machine would not break through this space. The
machine must have been far inferior in power to that of

Professor Page just described. He then adopted the mag-

neto-electric multiplier of Professor Page, which had been

figured and fully described in Sturgeon's Annals, March

1839. page 488, and already noticed in Sill's .lournal, Octo-

tober, 1838, page 371, but with two remarkable deficiencies.

First, he paid no particular attention to insulation, relying

upon simply cotton covering of the wire ; and second, in-

stead of using mechanical foroe to break the circuit at the

point where the secondary would haye been at its maxi-

mum, he allowed the armature to break the circuit by in-

depeodent motion, and thus lost a great part of the real

value of the in>trument. And we might add. also, that, al-

though he employed a mercurial cup in his experiments, he

did not apply the spark-arresting principle to contribute to

the power of his secondary. He, however, employed

powerful batteries, twenty cells, Banieirs battery, and ob-

tained important results. " Between platinum points " be

obtained iVom the secondary circuit " fftinute itil hrilliant

sparks at every rupture of the primary circuit through 1-100

of an inch."

" When charcoal points were approximated to 1-600 of

an inch, the sparks appeared in quick succession, having

the appearaooe of a ooatiaoed but glimmering flame."
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*'Tbin paper, introduced between the platinnm or ohar*

coal terminaU, was perforated at every revolution of the

bar."

" A Leyden jir was charged sufficient to deflect the leaves

of p^old leaf ele :t roscope.'^

" A .^park could be taken by thei knuckle, or a metallio

ball from either terraiual of the secondary.*'

The most powerful galvanic batteries employed could not

project a spark through 1-6,000 *nch. It, however, was soon

after (discovered by Mr. Crosse that a water battery of 1.626

pairs projected sparks; and about lour years after M. Gatjsiut

obtained then! with a water battery of 3,520 pairs.

In Silliman's Journal, (July, 1840,) is found a lengthy ac-

count of the experiments of Professor Henry upon induction,

communicated to the American Phtiosophical Society No- -

ember 2d, 1888, in which he discovered the different or-

ders of currents produced by induced currents. The paper

is full of scientifie interest, but nothing novel is presented

in the constructiun uf apparatus.

The next coil to be noticed is one of extraordinary size,

but only mentioned in a casual manner. Mr, Gassiot, uu*ler

date of 17th September, 1841, reports to the Lond. Elec.

Society that he tried the projected spark with a powerful

battery and bis large coil. The battery ia not described.

The coil weighed 86 lbs., and the secondary coil was made

of No. 80 copper wire of the immense length of " Hoelve

mika. ' Tlie wire was covered with cotton, and insulated

with shellac varnish. With this arrangement he obtained

a spark before contact. The length of tiit; 8park is not

given. He states that in the flame of a spirit lamp he ob<

tained a spark three quarters of an inch in length. This

report did not appear in print till 1848. (Proc. Lond. £ilea

Soc., page 119, 1848.)

In the year 184^, according to Beequerel, or according

to Du Muiicci, ubuut or towards the year 1842, ("vers
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rnnnee,") M. M. Masson and Breguet al80 undertook to

reniy the identity of dynamic and static electricity by the

operations of ilie secondary current. Their memoir is found

ia the Annales de Chimie, vol. 4p lv:>42, page 129. It is

there stated that the memoir was presented to the Academy
of Sciences 28d August, 1841. They employed powerful

batterit'S, forty pairs Daiiiell's. and a coil of wire 1,800

metres in Itngth, and two .nnd a half' millimutres in diame-

ter, divided into two equal lengths, which were wound in

juxtaposition into a bobbin or coil of such proportions that

the central or core opening was over 6 inches in diameter.

The iron core adapted to this opening was so large as to

actudly retard the secondary current, and they were there-

fore depiived of the aid of magnetic reaction. Their power

ful battery, however, compensnteil and supplied the intensity

needed. Tliey employed a mechanical circuit-breaker, and

charged a condenser and a Leyden jar. Tliey failed to ob-

tain any spark through the air from the secondary current,

but succeeded in pas^^ing it through a vacuum when the

wires were about | inch apart. We think their results

equivocal in some respects, for reasons to be given in another

chapter. Da Moncel, Becquerel, Noad, and other writers,

agree in stating that they employed but one cuil;thati8,

tlitjii- secondary current was that of the primary circuit.

This current the French, and most writers, call the " extra

current,"' while tiiat of the secondary circuit is called tlie

induced current. A^we interpret their memoir, they claimed

to have produced the same results with the induced circuits,

although only by incidental mention.

In Davis' Manual of Magnetism, edition of Angiast, 1842,

are described in detail several powerful coils, which had

been belurc deyenbed in his first ediiiou ul November, ii oS,

and in a sup[)lementary catalogue of 1839. Tlie descrip-

tion is more full as to the results than bad been beiore given,

though all are the idfiutical Page coils of That
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figured and described on page 181 has the mercurial spark-

arresting circuit-breaker of Prof. Page worked by c1(}ck-

work, which is an advantage in some respects, though not

quite so convenient and cheap as the automatic movement.

(See Fig. 3.) The clock-work applicatit>n was the invention

of Mr. Davis, and described by him in his catalogue of 1839.

Sarprisiag eltcirosLotic results are ascribed to this instrument,

(page l84, sec. 32o,) which we have before cited, and shall

hereafter more particularly examine. Ou page 186 is figured

one of these powerful coits» with ono of Puge*s automatic

circuit-breakers attached. (See Fig. 4.) This circuit-breaker

was described in Sill's Journnl, vol. 35, 2s o. 2, page 252, as

"invented in February, 1838."

Mr. Noad, in his Manual, edition of 1857, page 727, im-

mediately after describing the experiments of Masson and

Breguet, in 1842, says :
" About the same time Mr. Hearder,

of Plymouth, England, constructed a powerful coil, for

which he obtained, in September, 1846, the silver medal of

the Royal Polytechnic Society of Cornwall." "\V ith this coil

he obtuiued strong sparks in air, Leyden jars were cliarged,

and a striking distance obtained of several inches through

rarified air. This seems to be an anachronism, as in his

recent work, entitled the IwiuctoHum, published in 1866,

Mr. Noad describes the same coil of Mr. Ilearder, (page 85,)

us " made shortly ader the announcement of Buhmkorfif's

ooil." In giving the history of induction, he makes no

mention of any coil or developments as occurring butweea

the experiments of Masson and Breguet and Ruhnikorflf's

first attempt in 1851. In fact, very little of interest transpired

on the subject of induction coils from 1842 until 1850*

During that period, however, very large coils, on the plan

of Prof. Page's coils, were made in the United States by in-

strument-makers, which gave long sparks and lighted vacu-

um tubes of considerable length. Some of these secondary

coii^, made prior to 1846, were several miles iu length, and
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furnished sparks from one-tenth to one half of an inch in

length in the air. The only printed ac('»)iint of these coils

is to be found in the Memorial of Prof. Page, luid before

the 89th Congress, 1866. The descriptions are embodied in

affidavits of N. B. Chamberlain, of Boston, and Robert

Grant, well known as instrument-makers in this country

for many years. Tbis subject will be resumed in another

chapter.

In 1850 some remarkable experiments with induction coils

were made by Professor Page, and published in Sillimaus

.Tt)urnal. Three reports on the subject may be found in

vol. 10, No. 80, November, 1850, page 349; vol. 11. No.

^1, January, 1851, page 88; and vol. 11, No. 32, March,

1851, page 191. The coils and magnetic bars were on a

grand scale, and by far the most powerful magnets ever pro-

duced. One of the helices raised within its central opening

"a bar of iron one tliousari'l nud forty poniids in iv^'lglit, vi-

hr'ilrn'i in (he air loilhoui visihh^ su/>port.^^ I'liese helices have

been described elsewhere as made of square wire J inch

thick, of very pure copper, and the battery used, from fifty

to one hundred pairs Groves, with platinum plates one hun-

dred square inches immersed. Very interesting experi-

ments were performed, showing that the time required to

raise the current to its maximum in the coils varied, ac-

cording to circumstances, from ^ of a second lo two seconds,

and that the subsidence of the current was in the same

time. Coils were closed after the battery current had been

withdrawn, and afterwards opened within a half second,

and a current still found to be flowing. The time required

•was much less when no magnetic bar was inclosed in the

helices, from f to | leas. The most striking reanlte, how*

ever, from these coils, was the immense length of the ter-

minal secondary or separation spark. When tlie current

was allowed to attain its full power, the sudden separation

of the wires produced sparks eight incites in length. When
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the separation was slow, the sparks were short and spread

out more like a flame. An extraordinary change was pro-

ijioced in the character of this secondary spark by magnetic

action. When the circuit -was broken at a distance of seve-

ral feet from the magnet, the spark was attended with very

little noise. But as the point of separation approached the

rniignet, the noise increased, until, when the circuit wus bro-

ken on tlie pole of the mngnet, the re}>(>rt was as lond as

a pistol, and the spark diminished in length, and spreading

out as lariT - as the palm of the hand. The secondary spark

was found also to obey the same rotative or tangential

action as the conductor itself. (Vol. 11, No. 83, page 191,

March, 1851.)

Soon after the publication of these interesting results, M.

RuhnikorlV, an instrument-maker la is, took up the in-

duction apparatus with a view of increasing its electrostatic

powers. i)u Moncel, the author of a special treatise on the

Kuhmkorff coil, says that Kuhmkorff, profiting by the

experiments and observations of Masson & Breguet, sought

to provide for a better insulation of the wire of the second*
^

ary circuit, and to prevent the loss of static electricity

and, to accomplish this, he **dmcned" the wire in shellac.

The fine wire coils were very long—in some cases even ten

miles. lie also increased the dimensions of the coil length-

wise, or in the direction of its axis, and diminished its

transverse diameter in comparison with coils that had gene-

rally been made in £urope. In &ct, they were made more

according to the form of Prof. Page's coils. The terminals

of the secondary wire were attached to glass pillars, and

the circuit was broken by the McGaaley circuit-breaker,

heretofore described. Becquerel (Trait^ de filectricite et de

Magnetisme, 1856, p. 240) calls it the circuit-breaker of Dr.

Neef et De La Rive, which he figures on page 213, and,

also, page 239. Da Moncel calls it the circuit-breaker of

De La Bive, althonghi on page d76, he gires the priority to
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Dr. Neef. The truth is, that Dr. Neef anticipated De La

Bive in this matter ; but states, in his own description, that

the inveotion was given to him by his friend, Mr. Wagner.

As we shall iiee in the chapter on Circciit*Bj*eaker8, Prof.

McGauley described it more than two years before Br. Neef.

Wich this apparatus, lluhnikoiil obLaiiied sparks in air some-

what less tlian f»)ur-ttiiuli.s of an inch long, and very beauti-

iul luininous eftects in vacuuo. Sparks coald be taken from

either extremity of the secondary wire alone, and the shocks

were dangerous to encounter. Subsequently, Fizeau dis-

covered that the conoeotion of a con lenser with the priraarj

coil had the effect of suddenly arresting the secondary. cur-

rent of this coi), and to greatly incrense the intensity

of the currtui. ol Lac secuu^iary wire. At his suggestion

it was applied to the Ruhmkorff coil, and at once gave it ft

celebrity which, perhaps, otherwise it might not have at-

tained. We shall dilate upon this subject hereafter. This

coil was announced in this country, in. Silliman's Journal,

by Prof. J. Nickl^, in Ittod, (vol. 15, page 114,) and excited

but little interest at the time. The- editors of the Journal

added, in a foot note to this communication, that "there

were many points of resemblance between the ujjparaLua of

M. Rubnil<urlf ani the Compound-Magnet and Electrotome

of* Dr. Page, whose appuruias appeared to be but little

known in Europe." And, in reference to the circuit-breaker

described by Nickl^s, the editors paid, that " this apparatus

is very nearly identical with the vibrating armature break*

piece of Dr. Page and Daniel Davis, for more than ten years

in use in all the forms of electro-medical apparatus. The
American contrivance has the additional convenience of an

easy adjustment for the rapidity of its vibrations." In the

latter part of 1854 and beginning of 1855, Poggendorff

published the results of his experiments with Buhmkorft 's

coil, and suggested several modifications, none of which,

however^ seem to have beea of much praotieal importanoef

Digitizeo by ^(j^j-^.l'^
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except that of making the secondary coil, in several sections,

to avoid the tendency of the intense current, to pass ihn)ugh

from layer to layer of the wire, and injure the coil. This

division, however, of an intensity coil was not new at tliis

time, the same device having been patented in England by fid-

ward and Charles Bright, October 21, 1852 ; No. of patent,

14,331. See 14th claim. It was a[)plied to the cuil^ of

relay magnets, but for the same purpose and upon the same

principle aa Poggendorff's sugi^estion. In 1656 the coil

began to make some stir and progress amons^ electricians.

Emilc Stobrer described, in Poggendurfi's Annals for May,

1856, a large ooil, with the secondary, made in three sec*

tions, which gave sparks five-twelfths of an inch without a

condenser, and fourteen-twelfths with it, showing some ad*

Tance on PoggendorffV coils.

In the Lond. and Ed. Phil. Mag., November, 1856, vol.

12, page 377, Mr. Dearder, instrument- maker, of Ply-

mouth, England, announced a coil wliigh gave sparks with

a condenser one inch in length.

In the same vol. for December, pages 444, 445, Mr. Ileard-

er announced a still more powerful coil, from which he ob-

tained sparks between 2{ and 8 inches, and 8 and 9 inches

in le7!gth in the flame of alcohol.

In the same vol.. page 519, Mr. Bently, who appears as a

rival of Mr. TTearder, described his coil aa furnishing sparks

2 inches lung.

In vol. 13, same work. May, 1857, Mr. Hoarder described

a coil from which be obtained sparks 4 inches long. These

developments indicated steady advancements upon Ruhm-
korffs instruments, and the improved results were due to

superior insulation. Quite a dispute was maintained for

some lime between Mr. Dearder and Mr. Bently on the

merits of their coils—Mr. Ilearder claiming his superiority

over Ruhmkorfi' by virtue of the use of oiled silk as an in-

sulator bctwceii the layers of the secondary. It • happens
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that tbe use of oiled silk ia this way, as an insulator, was

not new. In Sturgeon's Annals, tbe editor deacribes (vol.

1, pages 76, 78, 1836) a coil made for an electro-magnet, ex-

hibited in L'lndon in 1833, in which there were six layers of

wire, each separated by oiled siIk. Rulimkorflfs insulation

of each layer by shdiac for the secondary coil, was pub-

lished fourteen years before by Frotessor CalUn, (Stur-

geon's Annals, vol. 1, page 297,) and insisted upon by him

as indispensable to the production of intensity-effects from

a secondary coil. The only decided novelty of any par-

ticular value in the construction of the coil was made in

this country by Mr. Edward S. Ritchie, of Boston, Mass.,

in 1852. la a letter from Mr Ritchie; to Sill's Journal,

dated Boston. May 2, 1857, he describes a coil with a peculiar

mode of winding tbe wires of the secondary, by which he

obtained six inches sparks. This letter was published in

the SeptemberNa of Xiond. Ed. Phil Mag., December, 1857,

vol. 14, page 239.

In a subsequent letter to the editors of this Magazine,

Boston, October 2d, i6.'>T, Mr. Kitchie states that he con-

structed a coil for Columbia College, New Yoi k, in July,

1857, which gave sparks " ten and a half inches lonyy

In the Edinburgh New Philosophical Journal, voL6|

page 189, July, 1857, is a communication from Professor

William B. Bogers. describing one of Bitchie's coils, giving

sparks ^\ inches long. He also describes the mode in which

the secondary coil is mAde up of a sucoeasion of conical

layers.

Mr. Ritchie's reputation soon became deservedly cele-

brated, and orders for his coils were received from Europe.

Mr. Gassiot, of London, describes one in the Lond.£d. PhiL

Mag. for May, 1858, page 446. This coil gave sparks of

the enormous length of 12} inches by accurate measure-

ment, and Mr. Gassiot said he was confident it wo«ld give

15 inches, but was a£rai4 to fbrc9 it top muoh» lest tliQ iu*
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sulation should be penetrated. Mr. Gaaslot speaks of the

coil as made up in sections, and that the method of

winding had been before suggested by Poggendoril/' In

this be was in error. PoLri^endorff" snggestetl "dividin;^ the

coils leDglbwise into several sections, ' and, to use his own lan-

gaage» " each section being wound up in the usual nnanner " of

superposed layers. Mr. Bitchie's coil was, indeed, made of

sections, bat there were as many as spires of wire in the whole

length of the instrument^ and each of these was wound up,

not in the usual way, but as a flat spiral. A sectional ar-

rangement, which uecessitat;,i a new mode ot winding, and

an entire change in the construction and power of the coil,

is a very wide departure from Foggendorfl's plan, or rather,

Messrs. Brigbt's plan. Thus we find that the commencement

andpi^eparattonqf the induction coily which we shall hereafter

characterize as the electrostatic coil, must he accredited as Ameri*

can inventions. Of this we shall speak farther in another

chapter. After Mr. Ritchie's inventioa was known in

Europe, a new impulse was given to the subject, and coils

of nearly equal power were brought out by Ruhmkorff* and

other instrument-makers. In the chapter devoted to the

coil, we shall re-publish an article from the Franklin Jour-

nal, showing the manner in which M. Buhmkorff became

acquainted with Mr. Bitohie*8 improvements, and his previ-

ous refusal to accept a challenge to furnish a ooil equal in

length of spark to Mr. Kitchie's. In the application of

Fizeau's condenser, we recognize a discovery and invention

of high value and interest, which will abide as a monu-

ment of his learning and genius. Latterly, we have heard

of coils giving sparks ttoofeet hny,^^ from coils eighty miles

in length. (Noad's Inductorium, London, 1866, page 42.)

In the Lond. and £d. Phil. Magazine for November, 1857,

psge 323, Prof. Gallan describes, at great length, some ex-

periments with coils, and makes many propositions. lie

recommends using iron wire for the secondary circuit, al-
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)edgin^ that the current has more intensity on accotint of

the magnetization of the iron wire, which, he suf)p()??es,

assists in the reaction. On account of it.s cheapne-.s, w on

wire has been used many years for ordinary induction coils,

but copper wire is undoubtedly superior to iron. The
secondary coils made in this country by Mr. Qrant» in

1842-'S, of several miles in length, and giving sparks ( inch

long, were made of iron wire. Prof. Onllan also recom-

mends, instead of the bundle of wires, to make the core of

the coil of a compact lielix ot iron wire. We cannot ac-

cept his rensoning on iLis point, and are satisfied that the

bund'e of wires is superior.

Having completed the history of induction apparatus, we-

leave it to the impartial reader to decide whether we have

not made good the arsertions advanced in behalf of Prof.

Page*8 claim^ and justified the following conclusions:

First The first galvanic induction apparatus, with an in-

tensity secondary coil, was made by Prof. Clias. G. Page.—

{SiUiman^s Juurrinf, vol. 31, No. 1, page 137, Mmj 12, 1836.)

Second, The first iuductioa apparatus, by which shocks

were obtained from a secondary eireuitf waa made by Prof.

Page.

Third, The first induction coil, in which the battery our*

rent was caused to pass through only a portion of the cir-

cuit, while the shocks and other indications of intensity

were taken from the whole circuit, was made by Prof. Page.

Fourth. The first induction apparatus, by which shocks

and other iDdicati<»ns of electricity of high tension were

obtained from a purely secondary circuit exterior to the

primary circuit, was made by Prof. Page.

Fifth, The first induction apparatus, in which the sec-

ondary circuit exceeded the primary circuit in length, was

made by Pruf. Page. (Nfany times the length was used.)

Si^lh. The first induction apparatus, in which the secon-

dary circuit was exterior to the primary circuit, was made

by Prof, Page.
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Seventh. The first induction apparatus with a secondary

circuit adapted to medical purposes was made by Prof. Page.

EujhtK The first application of a self-acting circuit*

breaker to an induotioa coil of any kiikl, with or wlthoal a

secondary circuit, was made by Prof. Page.

Ninth, The first applicatioQ of a mechanical circuit-

breaker to an indactton coil, consisting of a primary and
secondary circuit, was made by Prof. Page.

Tenth. The discovery of the electrostatic properties of

the secondary current was first made by Prof. Page.

Eleventh. The valuable and interesting discovery that the

intensity of the secondary current is greatly increased by
breaking the primary circuit, under a poor conducting Itquidi

was first made by Prof. Page. This was re-discovered

eighteen years afterwards, in Europe, by Poggendorff and

Foucault.

Twelfth. The first ofi^anized apparatus for the exhibition

of the electrostatic properties of the secondary current was

made by Prof. Page.

If more has been claimed for Prof. Page than can be sus-

tained, the analysis of his whole title into these twelve dis-

tinct elements or specifications of claim will afford a better

opportunity for criticism or contradiction than if they had

been massed. The examination has been carefully made
with an efYort at impartiality, and a desire to place every

author in his true position, in regard to the induction of

currents and apparatus for their illustration.

CHAS. G. PAGB.
Washington, D. On

Novea^ 19, 1867.

4



CONTACT OK CIRCUIT-BREAXERS.

PAET 8BC0ND.

This interesting class of inveutions has received a large

share of attention with most writers u^ton Electricity and

^ragiibtisiii. Du Moncel, after describing one Oi liie eailiest

and rudest forms, proceeds to saj :
" tHmieun perfeclionne-

mentSf entre autres la siibaiiluUon du interrupUurs* meeani"

gun a la roue derUSe^furefU tnsuiU mccmivemeni ajpport^ arm

ajppariel d^indwUion, de tarte que ceux-d oomiituermt hieniot

une des applteatwn$ les plus importarUes de la science electriquej'

Ferguson, in his recent work on Electricity, remarks as fol-

lows :
" Whatever favors the suddenness of the cJui nges of the

primary current heighleiw Uie tension of the currerds induced

by these changes,^'' " The break, from this circumstance,

forms an important element in the conatruotion of all

induction apparatoa." These insirumenta were also called in

Europe irUerrupiers and rheofomes. The name elednUome

was giyen to them by Professor Page. No author has un-

dertaken as yet to classify or furnish a historical account of

circuit-breakers, and this we propose to do in the following

chapter.

They may be grouped in four classes.

1st. The mechanical, or those worked by hand.

2d. The automatic, or those worked by eleotrioity and

magnetism.

Sd. The clock-work ; and

4th. The spark- arresting circuit-breakers.

Under the meclianical claaa we have two divisions—the

rotary and vibrating.

*TiiH aulhor applies Uie term mecli&uioal to thoM oirouit-breakert

whieb we esU mtomatlo.

L/iyiu<.Lu Uy Google
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First The rotary mechanical^ inolades ihe revolving in-

terrnpted discs or cylinders, cog wheels, ratchet wheels,

spur wheels, and sprocket wheels, with a conducting wire

or spring pressing upon the interrupted surfaces of the

* two former, and the projecting teeth of the four last uaoied.

Also the spur and sprocket wheels revolving in mercury.

Sec<md. The vibrating mechanical includes the lifters, in

which wirea are raised from mercury or solid surfaces by
cams, and also the rasp over which the wire is drawn by

hand.

L iider the automatic class we have also two divisions-^

the rotary and vibrating,

Mrst. The rotary aiUomaiic, including revolving magnets

and revolving armatures.

Second, Vibraiiuff automatiCf including vibrating magnets

and armatures, and vibrating end-pieces or hammers. These

may be used to work the lifters also.

Under the clock-work class we also have two divisions—

the rotary and vibrating.

The clock-work may be used to keep in motion any of

the mechanical circuit-breakers.

The ^»ark arresting circuit-breakers are those in which

the circuit is broken over mercury covered with a non-

conducting liquid. They are either rotary or vibrating.

There are also two important divisions of the automatic

or magnetic-breakers.

The firsi is the kind in which the magnetic force required

to break the circuit is derived from the magnetic core of

the coil itself. These we shall designate attached circuit-

breakers.

The second embraces quite a variety of little instnunents

of rotary and vibrating movements, and which derive their

motion independently of the magnet of the coiL These we
shall designate independent circuit-breakers.

The first kind requires no extra length of circuit, and

L/iyiu<.Lu Uy Google
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is supposed to be more economical of battery power than

the second, which requires an addition to the circuit of the

primary coil equal in length to the little coil used to work

the circuit-breaker. This coil is usually very short, but is

in most cases made of smaller wire than the primary of the

induction coil, and introduces some resistance. The extra-

ordinary ground, however, has been taken by Professor Cal-

Ian, * that little or no battery power is lost by using an

electro-magnet for making and breaking contact, instead of

the magnetized core of the induction coil. (See his experi-

meuts on this point, Lond. Kd. Phil. Mag., 1857, vol. 14,

page 328.)

We shall briefly describe all the circuit-breakers in his-

torical order, referring each to its proper class.

The first circutt-breaker of record was that of M. Mas-

son, in France. In June, 1835, he presented a Memoir to

the French Academy describing some experiments with a

large coil of copper wire, and a battery cousisting of 24

pairs, Wollaston's. The circuit, with the coil, was broken

by a toothed- wheel, and shocks obtained of sulTiviient power

to kill a cat. This, a mechanical rotary-breaker, was re-

volved by a band and multiplying wheel. This was not

published until 1887, in the Comptes Bendns, and in the latter

part of 18S7 in the Annales de Ohemie, vol. 66, p. 5 to p.

36, by M. Masson himself. Becquerei and Savary made n

complimentary report upon this memoir at the Seance of the

Academy, 27th March, 1836. A fuller account of the ap-

paratus has been given in the chapter on Induction. A con-

siderable number and variety of circuit-breakers were in-

troduced and published in the interim by other persons

before we had any account of M. Masson's breaker. The

first of these was a mechanical rotary, published in the

latter part of 1885 by Dr. Neef, of Frankfort on the Main, in

Poggendorff'a Aunala (vol. 36, page 352.) It consisted of

a copper wheel six inches in diameter, mounted on a verti-
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cal shaft, and provided oti its upper surface with radial

grooves, inlaid with wood. On this suface rested a wire or

conductor, so as to press suffic^iently to preserve contact,

and the wheel and wire being iocluded in the galvanic cir-

cuit, it was interrupted whenever the wire was iu contact

with the wood, and completed when it was in contact with

the copper surface. It was used with the Voltaic pile, so as

to get the benefit of contact and separation, which was well

known to produce shocks when continued contact would

fail to produce them. It was also used with a primary coil

surrounding a bar of iron for the same purpose ; and Dr.

Neef proposed the use of the apparatus for medical pur-

poses. Tbe wheel was, as stated, the invention of Mr.

Wagner, a friend of Dr. Neef.

The uezt record is of three, in fact four, distinct kinds of

circuit-breakers, by Prof. Page, in May and June, 1836,

published in Silliraan's Journal, vol. 31. pp. 140, 141. These

are two mechanical and one automatic, and a spark arresting

circuit-breaker. The first mechanical {B,, Jb'ig. 1) was a rasp,

connected with one terminal of the coil, over which was drawn

awire connected with theother terminal. This, though simple,

has proved to be very efficient, and was used hj Prof. Henrj
in his extensive experiments on induction, (Silliman'a

Journal, July, 1840,) and was applied as a fixture to the

base-board of most of the induction instruments mads in

Boston and clsowhere for many years, and is still in common
use, (Fig. 4.) (Davis' Manual of Magnetism, pp. 247, 287, 296,

SOI.) The other mechanical kind was a spur or star-wheelt

with its teeth made to dip into merourj. The automatic

kiud was a spur-wheel, with its teeth dipping into merourj,

and propelled by the action of a magnet. It was, in fact,

the instrument known as Barlow's spur-wheel. This ;\as

the first knowu automatic circuit-breaker, and particular

imjportahcfi was attached to this si^lf-actiug property, es-

pecially for medical purposes, as it enabled the operator to
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** dispense with the use ofan assistant" for breaking the cir-

onit ; andi forthermore, produced a rapid and regular succes-

sion of shocks, the frequencj of which could be regulated

at pleasure, bj simply moyiug the maguet towards and from

the wheel. The mercury in these experiments was covered

with water or naptlia when high intensity effects wore to be

produced. The water or naptba not only diminished the

sparks, but prevented the escape of noxious fumes, and

kept the surface of the mercury in good condition. This

we call, by way of distinction, on account of its practical

importanoei the spark-arresting circuit-breaker. When the

spark is to be exhibited the mercury must be uncovered.

The next contact breaker was by Mr. Sturgeon, published

in the October No. of the Annals, (vol. 1, page 41,) under

date of "July 4, 1836." It con-sisted ul 'one of Mr. Bar-

low's stellated wheels soldered to an iron .spindle, and put

into a rotatory motion by a wheel and band." This was

used to make and break the circuit of an intensity battery

to obtain a succession of shocks and charges of Leyden jars,

or an extensive condenser made of "varnished Bristol

board." No coil was used. Mr. Sturgeon stated that the

shocks from the condenser, used in connection with a water

battery, were equal to .shocks produced by an acid battery.

This circuit-breaker was similar to the mechanioal circuit-

breaker of Prof. Page, and that of M. Masson, above des-

cribed; and it will be curious to note, as we proceed, how

many experimenters adopted this same oontrivanoe as

original with themselves.

The next described circuit-breaker is by Mr. Sturgeon,

of England, dated September 24, published in Octo-

ber, 1836. (Sturgeon's Annals, vol. 1, page 6^.) It was of

the mechanical class, rather rude, and extemporized for

certain experiments with two independent coils. One of

the conducting wires rested by its end or point upon a term-

inal disc of copper, bright and roughened on its upper sur-
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face, and the wire was made to vibrate to and from the

plate, by the application of a rough-edged wheel " turning

against the wire.

The next of record is by Charles Barker, of Bngland,

dated Gosport, December 12, 1836; published January

»

1887. (Sturgeon's Annals, vol. No. 2, page 158.) No des-

cription is given, but a perfectly plain engraving is given

showing its constructioQ and operation, in connection with a

coil, on an electro-magnet. Two points or blades on tlie

end of a revolving shaft are made to revolve in a mercury

trough, and thus break the circuit—the permanent tson-

nection of the shaft with one pole of the battery being pre-

served by an entire copper disCi upon the sha^ revolving

in a separate mercury cell or trough. The shaft was driven

by a multiplying wheel, band, and pulley. It is essentially

the same as the wheel of Prof. Page.

The next record is by Prol. Fage, dated Salem, April

19, 1837," describing four varieties ol automatic circuit-

breakers. (Sillimanh' Journal, vol. 32, pp, 855, 356, 357.

858.) The first is a Bitchie magnet fitted so as to have its

terminals revolve in a glass cell, and have the mercury

covered with water.

It is quite a remarkable fact, that this little instrument,

invented by Dr. Ritchie, and described by him in Philoso-

phical Trn.nsactions, 1838, page 320, should h:i,vc been sub-

sequentiy adopted by six or more electricians in Europe, at

various times, each suggesting it as original with himself.

Among the names are Sturgeon, Lockey, Becquerel, Bianchi,

and Bu Moncel. It was in some respects well adapted to

the purpose, but no one of them seems to have been aware

of the importance of covering the surface of the mercury

with water or other other liquid, without which this partic-

ular varieiy h compfiratively of little practical value, for

the revolution of the wires o&en drags the mercury across

the partitions between the mercury cells, and thus arraats



the motion, " which is, to a great extent, prevented by the

use of water " or other liqaid. The ftpark-arrestiog fviaotioa

of the liqaid is, however^ of the most conseqneooeu

The second variety is a miniatore vibrating eleetro-mag*

set, with the wires and oonti^otloiis so arranged that its po-

larity is reversed at every vibration, whteh is kept up in a

rapid manner by the alternate attractions and repulsions of

a permanent tniigrjet. The motions of the vihratingf mag-

net are restrained and regulated by a set screw, and the

oonnecting wires of the oironit are dipped into and lifted

out from the meronry cups.

The third variety is a repetition of the seoond, the mode

of suspension being changed, and more simple than the last.

The fourth variety is a revolving electro-magnet, carrying

upon its axis interrupted discs revolving in mercury cells,

also star wheels upon its shaft, to break the contact wuh
mercury, or other metallic conductor.

The spark-arresting prinoiple is applicable to all these

Ttrieties.

Tho next in order is the repeater of Prof. Callan, of May-
noolh College, Ireland, published in 1887. (April No/of
Sturgeon's Annals, voL 1, p. 229.) This was a mechtenienl

circuit-breaker, and consisted of a forked wire, made to vi-

brate in and out of mercury cups alternately. The motion

was derived from an escapement wheel turned by hand, the

wire being attached to the escapement shaft. It was uaed

with a primary and secondary coil upon an electro-magnet.

In an artiele oommunieated by Prof. Gallan lo the Load.

Edtn. Phil. Msgaaine, (vol. 9, page 477,)ibr Deeember, 1886,

be says ihat be has devised an instrnment fbr breaking the

eirenit rapidly, which might have been this repeater, but, as

be gives do description whatever of its construction, we
must adopt the date of publication in Sturgeon's Annals.

In vol. '6'6, No. 1, SiU's Journal, page 191, Prof. Page de-

aoribe% under daU of August 28, 1887» Iwo new totafeiug iu*

UIQliI^ed by Cjooole
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atruments, susceptible of use as circuit-breakers. Thej were

not intended for that use, and, in fact, are inferior as aato-

matio-breakors to manj others. Bat allusion is made to

%he,m here, as Dr. OoMing Bird introduces them in his

Natural Philosophy edition of 1839 as circuit-breakers.

One is a flat coil, rotating by change of polarity between the

poles of an electro-magneL, and the other a helix of copper

wire, revolving by the siune means.

In the same vol. (33) Sill's Journal, No. 2. pages 376, 377,

Prof. Page describes a new form of electrepeter or commuta-

tor. It is substantially the same as that adopted in 1851

by Buhmkorff for his induction coils. A description also

is given of a mechanical electrotome, rather more fanciful

than useful, and need not be described. They were com-

pleted in September, 1837.

The next circuit-breaker on record is that of Prof. Mc-

Gauley, of Dublin, exhibited by him some time in Septem-

ber 1837, at the meeting at Liverpool of the British Asso-

ciation. No description of this appeared until the publica-

tion of proceedings in 1838. In the January No. of Stur-

geon's Annals for 1888, page 73, an indistinct allusion only

is made to this invention. By way of distinction, we shall

call this the hammer circuit-breaker. A soft iron ball is

attached to one end of a vibrating bar, and a forked wire

dipping into two mercury cups attached to the other end.

The bail being attracted by the pole of the magnet is drawn

downwards, and raising the opposite end of the bar, lifts

the forked wire from the mercury cups, and breaks the cir-

cuit, which was complete through the wire when it dipped

into the mercury. This was the first automatic circuit-

breaker of European invention, and was ofsome importance,

inasmuch as it was in one respect the type of many of the

most important circuit-breakers now in use. It was, how-

ever, devoid of any means of adjustment, no provision being

made by which the fekraoUU£m» of the baU ooukl'be varied.

^ed by doogle



68

This essential element of every circuit-breaker, as we shall

soon see, was accomplished by Prof. Page, who soon after,

iavented the same device of the ball and vibrating bar, be-

fore any description of McGauley's invention reached this

oountrj.

The next was a mechanical circnit-breaker, a lifter^ by
Mr. Sturgeon, described before the Lond. Elee. Society,

August 5th, 1837, aud published iu the October No. of the

Annals, vol. 1, page 479, with an engraving. A wire dip-

ping into a mercury cup is lifted out by means of a revol-

ving cam on a pulley shaft» driven by a band from the mul-

tiplying wheel. Mr. Sturgeon also describes a notched zinc

disc, over which a spring wire was made to revolve rapidly

and exhibit a circle of sparks.

The next is also a mechanical circuit-breaker by Mr.

BaclihuiYner. It is simply the ratchet-wheel and spring

pressing upon its teoth. The wheel is turned by a crank.

(•Sturgeon's Annals, vol. 1, p. 496.)

The next in order is a mechanical circuit-breaker by Mr-

Clarke. (Sturgeon's Annals, vol. 1, p. 499.) It is a star-

wheel of copper, revolving in a glass vessel containing mer-

cury. Mr. Clarke also describes the use ofa rasp for break*

ing the circuit, which he states answers very well for certain

purposes, but prefers the wheel for medicinal purposes. The

editor, Mr. Sturgeon, in a lengthy note, administers the iol-

lowing rebuke to Mr. Clarke, which we copy in fuU, because

of its general applicability

:

** It must at all times be gratifying to philosophers to

observe that their discoveries and inventions are of sufficient

importance to demand the attention of others, and to inspire

ill instrument-makers a spirit of emulation to excel in their

attempts to improve even the most trifling arrangement.

On the other hand, it must be allowed that there is a respect

and gratitude due to philosophers, which those who profit

by their disooveries are but too seldom disposed to aoknowi-



edge. NptwttlistandiQg the trivial alterations he maj tbiak

proper to make, the fame ofthe instrument-maker could not

possibly suft'er by a candid acknowledgment of the source of

his iuformaiioii ou any point whatever relative to the origi-

nal invention; and the least degree of courtesy that could

be expected from him, would be to permit the discoverer or

inventor to have a priority of publication. Mr. Clarke will

observe, however, that we have not hesitated to give pub-

licity to his paper, but it is our duty to state that Mr,

Clarke's method of opening and closing the battery-circuit

is similar to that employed by Mr. Barker, (see Fig. 42, plate

6;) and that tlie original employment of the spur-wheel and

mercury for this purpose was by Mr. Page. See Lue post-

script to that gentleman's paper, page 293 of this volume.-^

JSdiiJ^ Mr. Sturgeon might also have referred to that same

paper for the original use of the raap for this purpose by Mr.

Page.

In the transactions of the London Electrical Society for

1837, page 133, Rev. Mr. Lockey describes an automatic

circuit-breaker made by a iiitchie magnet. His modifica-

tion consisted in covering the mercury cells with perforattjd

discs, allowing the mercury to rise through and above the

perforations^ so as to get more than the two breaks in the

circuit, due to the ordinary construction. It amounted

merely to inserting several partitions in the mercury cella

instead of two. It is probable that the aetual number of

breaks in a given time was not muck iiicreadcd, as the speed

of the magnet was necessarily diminished.

The next circuit-breaker described is one by Dr. Golding

Bird, of London. It was automatic, and a repetition of Prof.

Page's vibrating magnetic bar, described in the October No.

1837, of Sill's Journal^ and mentioned above. It seems to

.

have been a great &vorite with Dr. Bird, and he gave it a

conspicuous place and preferment in his work on Natural

Philosophy several years aiteiward. It wab ilibt deiaciibed
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bv him in the Lond. Ed. Phil. Journal for January, 1838,

(vol. 12, page 18,) with an engravintif. It is dt-ficient in the

esseotial feature of adjustment found in Prof. Page's iostra-

ment. After expatiating upon the importance ofthe inTen-

tioQ, especially in the medical application of the oarrent of

induction, by reason of its automatic characteri dispensing

with the use of an assistant to break the circuit, as was ne*

cessarj with the mechanical breakers, he states that when

he "made the invention it was original with him," but that

the "credit of priority must be given to Dr. Page." His

article is dated November 2d, 1837.

The next in order is a mechanical circuit-breaker by Mr.

J. 0. Nesbitt, described in Sturgeon*8 Annals, voL 2, No. 9,

March, 1888, page 208. Mr. Nesbitt's letter is dated Feb.

10, 1888. It consisted of a small brass wbeel, with numer-

ons holes in its periphery filled up with wood. The wbeel

being always in the circuit, a wire spring, connected with

one terminal of the coil resting upon tlie circumference of

the wheel, broke the circuit as the wooden plugs passed

under the wheel. It was a modification only in form of the

lightning wbeel of Dr. Neef.

The next in order was an automatic rotary-breaker by
Prof. Page. This was described in Sill's Journal, vol. 85,

page 262. The communication dated November 13th, 1838,

states, this was invented in February, 1838. An armature

or light bar of soft iron is made to revolve rapidly between

the poles of an electro-magnet, the current being intercepted

at each half revolution of the armature by a break-piece oil

its shall. This instrument (see Fig. 4) is figured in connec-

tion with one of Page's coil in Davis' Manual of Magnetism,

edition of 1842, page 186. The rasp circuit-breaker is also

un the same base-board.

The next circuit-breaker is also by Prof. Page, and de-

scribed on page 258, in the same commuuication with the

last named, as completed in April, It was also fully
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described in Davis' first Manual, Nov. 13, 1838, pp. 45,

47, 48, 49. This was an automatic vibrating circuit- breaker,

and consisted of a cylindrical piece, or bamrocr of soft iron

(0| Fig. 2) attached to one end of a etont vibrating wire, (£,)

somewhat after the manner of McGaaley's circuit'breaker.

The wire was furnished with two points—one U, at the ex-

tremity, and the other H, near the axis of vibration, and

these points or branches dipped into mercury cups M, N,

placed upon the top of the coil. The circuit was compleLt-d

through the mercury cups by the branches. The import-

ant difference, however, between this and Prof. McGauley's,

was the provision for adjustment in the Page circuit-breaker,

McGanleys bad none» while Page's adjusted both the dis-

tance between the magnet and the soft iron hammer, as we
shall call it, and the retractile force of the hammer. This

latter feature is indispeosable to a good cirouit-breaker, and

exists in most that are in use at the present day. Instead

of a vibrating brass beam used by Prof. McGauley, Page

used a stout copper wire» (C;) and as one of the branch wires

(H) rested upon the bottom of the cup, the mere bend-

ing of this wire up or down adjusted the distance between

the hammer and the end of the magnet. The retractile force

of the hammer was adjusted by the regulating ball (L) on

the screw-stem, (O,) connected with the axis of vibration,

and projecting over on the side of the long arm of the vi-

brating wire. The screwing of this ball back and forth on

the stem regulated the retractile force of the hammer hj

oonnter-balaneing more or less of its weight. Another in>-

provement was in the form of the hammer, the ball of Mo^
Gaulej being an unfavorable form for magnetic induction

and attraction. The most important feature, however, of

Prof. Page's instrument was the provision for spark-arrest-

ing. The mercury cup (M) in which the circuit was broken

at the end of the wire was large, and made of glass, and de-

signed for the use of water, oii« naptha« alcohol^ or othar
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liquid orer thd surface of the mercnrj. for the purpose of in*

creasing the intensity of the secondary current. Another

feature of some value, was placing the mercury cups in the

line of the vibrating wire, by which the cup (N) in which

the circuit was not broken, might be near the axis of mo-

tiou. Tliere was not really nnuch necessity for this mercury

cup, as the constaut conuectioa could have been maiutained

through the pillars supporting the axis (K) of the wire. It

had a use here, howerer, heing designed for a check to the

downward motion of the wire.

In the same communication is also described another au-

tomatic vibrating circuit-breaker by Prof. Page, and one of

chief importance, as it is the circuit-breaker (with only a

slight ditierence in arrangement) which has been in use ever

since its invention, in connection with coils used for medi-

cal purposes. In the induction coils for medical use» and in

others used for scientific illustration, it has always been cus-

tomary to regulate the intensity of the secondary current by
the partial remoyal of the bundle of wires forming the mag-

netic core. This, of course, precluded the use of iho hammer

circuit-breaker or any of the class where the magnetic core

was the source of motion, and required an independent cur-

rent-breaker, and to this end the vibrating armature was

specially adapted, and much superior to any of the rotary

devicesi for the armature could be regulated with ease and

precision as to its distance from the little magnet and its re*

tractile force. Sill's Journal, vol. 86, No. 2, page 267.

Davis' Descriptive Catalogue, November 1838, pages 32,

83, 34.

On page 51 of this Manual Catalogue, Prof, Page's coil

for medical use is described with the revolving armature at-

tached as the circuit-breaker. (Figs. 4 and 7.)

^ On page 62 of the same work, is another circuit-breaker

of the hammer kind, in which the mercurial connections

were dispensed with, and the retractile force of the hammer
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oonfc^)ll6d by ft spring. The oireuit wm oompleted by con-

tact with two wires at its sides, and the attraction of the

hammer then caused the separation of the hammer from one

or both of the wires, and broke the circuit. It was incon-

yemeni, and only of importance as showing the use of solid

oonnections, and the action of a spring in foroing the bam-

mer baok from the magnet

In vol 84, page 165, of Sill's Jonnial, July, 1888, Prof.

Page describes a spark-arresting circuit-breaker of the me-

chanical order. It was used m addiLiou to the ordinary

break-piece of the magneto-electric machine to break the

circuit at any desired point in the rotation of the armatures.

A balance bMm,iiaving a branching copper wire at one end

to dip into two mercnry cnps, (one of which was of glass,)

was oansed to vibrate by an adjustable cam on the shaft of

the machine. The effeots prodnoed by this droait-breaker

haTe been already described.

In the same vol., page 371, Prof. Page also describes a

cylindrical oircnit-breaker on the shaft of the magneto-elec-

tric multiplier, which was worked either mechanically by

the mnltiplying wheel and band, or automatically, ad libi-

tum, aooording to its adjastment in relation to the position

of the armature. It consisted ai a copper ferrole on the

shaft, the middle part of which was entire, as a )>earing for

the wire for constant eonneotton, and on either^of this, dis-

sected poitiuiis iilltid With ivory i'ur a bearmg iur the cut-off

wires.

In the third vol. of Sturgeon's Annals, July 1838, page

88, the editor describes three cirooit-breukers. The first is

a Bitohie magnet) with only this peculiarity : that, in order

to increase the nvmber of breaks, he introdooea two extra

partitions in the mercury cells, and thos gets four sparks in

a reyolntion instead of two. The other two present no

novtiUy, being merely divided or interrupted metallic sur-

faces, with difiereixt metals introduced to vary the color of

the spark.
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Id January 1839, Dr. Keef, of Frankfort, published ia

PoggendorflPs Annals a descripti(;n of a hammer circuit-

breaker, which was mostly a repetition of Fruf. MoGauiey'a

circuit-breaker, the only difference being in the arrangement

or pOBitioB of ibe point where the circuit was brokeo, it

being in this oaiie directly in oontact with the bfuoamer it-

self. Like McGauley*s iD8truini.nt, it costaioed no means

of adjusting the retractile force of the hammer, and in this

reRpect was inferior to the ijainaier circuit breaker ul I'ruf.

Page. It is stated that tb is was exhil itr i to a meeting of

philosophers at l^'reidburg, in September, 1838. By a ain*

gular error, this was called Dr. ^ieefs circuit-breaker by Do
La Bive, Da Moncel, Beoqnerel, and, in fad^ everj antbor wn
have met with ; but Dr. Neef distinctly states that the in*

vention was "given to him by his friend, Mr. Wagner." Il

was the kind of circuit-breaker adopted many years after by

Kuhmkorft' in his coils.

In the January No. of Silliman's Journal, 1839, vol. 35,

page 112, ift a deaoription by Prof. Page of a rotary auto-

matio olroait*breaker and electrepeter, or commntator as il

is 02ore commonly called, the direction of the current being

reversed at each broak of the oircoit A permanent mag-

netic bar, attached to an upright abaft, is suspended so nsto

revolve freely under the influence of a flat spiral, or the pole

of a niagnet. The shaft carries two wires insulated from

each other, the upper terminations of which are beot down-

wards, and reyolve in mercury cells concentric with the

•baHL These cells are connected lespecttvely with the poles

ol the battery. The lower ends of the wires turn in semi*

cironlar menmry cells, divided by two wooden par(iciQn%

precisely as for the rotation of tbe Richie magnet. These

semi-circular celLs are respectively connected with the ends

of the coil or spiral. The end of the bar magnet being

brought near to a magnetic pole, or the bar being laid upon

« £Ufc.s|^ural, wiU be iMde to xavalve^^ohaagwg the direefcioD
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of the current througb tbe coil once in every half revolu-

tion. This is the only automatic commutator for induction

coils we have met with. They have generally been worked

by hand.

The next in order is the clock-work electrotome, by "Dan'l

Davis, described in his supplemental Catalogue published in

tbe latter part of 1839. By a very simple adaptation of

clock-work, tbe ends of a copper wire are caih-'ed to dip

alternately into mercury cups, and thus break tbe circuit

in a very rapid manner. The wire is fastened to the arch or

to the shaft of an escapement, and the scape*wheel is actu-

ated by a coiled spring concealed within one of the pillars

of the apparatus. There have been several clock-work

electrutoaies, described by Dc La Kivc, Du Muucel, and

others, but no date of invention or introduction is given,

and they differ in no important particular from that of Davis,

and were all probably several years subsequent to his.

They are mostly out of use, being expensive, liable to de-

rangement, and dif&cnlt to adjust as to the rate of vibration.

For many years subsequent to this period very little atten-

tion seems to have been i^^iven to the subject of circuit-

breakers. There was produced, however, one interesting

and important modification of Prof. Pagre'rf vibrating arma-

ture-electrotome, the auth(»r8hip of which we have been

unable to ascertain with accuracy. It consisted in attaching

the armature to a spring, and causing it to approach and

recede from the little magnet in a direction parallel to itself,

instead of vibrating in the arc of a circle. Both of these

vibratory or reciprocating movements of the armature were

described by Prof. Page, in tlie same communication to

Sillimau's Journal, under date of November 13, 18o8, Vol.

35, No. 2—the direct movement on page 2G4, and the vibra-

tion in the arc of a circle, page 267. Bnt, notwithstanding

the merit of an independent circuit-breaker, (that is, one not

actuated by the magnetic core of the coil,) in which a vibra-

5

^ed by dooole



9&

tittg annfttiire was emplojredi belongs to Frof. Fage, still, in

the modification of which we now speak, tliere is a conve-

nience and aimplioity which has secured for it general intro-

duction wherever an independent circuit-breaker is emplo^'ed.

This is more especially the case in the induction coils for

medical purposes. The armature is attached to one end of

a fiat spring of brass, the other end being fastened to a little

post. Oyer this spring projects downwards from another

post, a screw, bearing on its lower end a tip of platinum,

and this tip comes into contact with a piece of platinum

secured to the upper side of the brass spring ; the screw

and the spring being so adjusted that they are in contact

when the armature is a short distance from the poles of the

little magnet, which stands u{)right upon the base board of

the instrument. It is shown in its most approved form in

Figs. 5 and 6, in which the spring holding the armature

passes through a ring on the top of the pillar bearing the

adjusting screw, thus bringing the two pillars into line.

This elegant arrangement was made by Dan'l Davis, of Bos-

ton, and we are inclined to think that the first modification

originated at his establishment in the early part of 1843.

In the 1848 edition of Dr. Golding Bird^s Natural Philoso-

phy, we find a discription and engraving of this circuit-

breaker, in an awkward form, a disc of iron being used in-

stead of an armatare, and this was attracted towards two

npright bars of iron fixed in a board. Whether it is con-

tained in the edition of 1843 or 1844 we do not know, as

we have not been able to find that edition. It is not in the

edition of 1839. From the very rude character of the

figure in the edition of 1848, we infer that it was there pub-

lished for the first time in his work. Instead of an arma-

ture, MoGauley's disc of iron was used. Dr. Bird docs not

give the origin of the instrument, although he says it was
" far superior to the one he contrived." This om we have

already noticed, as the instrnment which Br. Bird finally
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accorded to Dr. Page. We find the iinprDved circuit-

breaker in the Catalogue of Jos. M. Wightman, of Boston,

in 1846, and the still further improved form in Davis*

Manual of Magnetism, edition of 1847. We do not find it

in the 1S42 editioa of Davia' Maoaal. Id the Loudou £lec*

trical Magazine for April, 1844, page 280, Rev. Mr. Lockey,

in descrlbtog the action of bnried plates with a coil, says

a constant bee like ham* was kept up by the rapidity with

which coiilact was made and broken in that coil apparatus,

(I forget its author's name,) in which contact was broken by

the attraction of a disc of iron toward a bundle of iron

wire." To this the editor of the Magazine adds a note,

stating that ''he believed it originated with ]>r. Golding

Bird." The invention is attributed by Br. Bird to Prof.

McGauley, with the exception of the bundle of wires, which

was not known when Prof Gauley made his invention. The
allusion of Mr, Lockey is to the attached species of circuit-

breaker where the piece of iron (hammer) is attracted by the

bundle of wires—that is, the magnetic ct»re of the helix, as in

Prof. Page's coil, and not to an independent circuit-breaker.

Br.Bird originated but one circuit-breaker, an independent,

to which we have already several times alluded.

In Peschel's Elements of Physics, published in German,

in 1842, a description is given of " Mr. "Wagner's circuit-

breaker/' which IS identical with that described by Dr. Nccf

1839. No date is fixed, but this account is confirmatory of

the statement we have made, that Dr. Neef was not the au-

thor of the automatic circuit-breaker which erroneously

bears liis name.

We find nothing farther recorded of interest on mrcuit-

*AU the yibraling antomatio oirenit-breaken, wlieii ussd with Mild

conneotionfl, prodao«d ft hamming or maaieal t<me when adjusted for

rapid movement, and Hr. Lock^ proposed to oall them gelranio wups.

Beeqnerel says that in Vraaee thsj had gained the name of tvenUsni
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breakers from this time until that of the distinguished Fou-

Cau!t, in France, in 1856, an acnonnt of whicli was published

in the Qompto Bendu for July, 1856, vol. 43» page 44. This

automatic independent circuit*breaker was so much like

that of Professor Pagers spark-arresting circuit-breaker, Fig.

2, that a particular description is hardly necessary. It con-

sisted of a wire or sloiider-balatujud beam, bearing two

branches of wire at one end, dipping into the mercnrv cnps,

and at the other end a small armature to bu attached by the

poles of asmaii electro-magnet. The retractile force of the

armature was regulated by a sliding weight, as in the cir-

cuit-breaker of Professor Page. It was particularly de-

signed for use with the Buhmkorff coil; and at this time,

all the coils imported from Paris to this country, are ac-

coni{):uiied with a Foiicault circuit-breaker. Its object is

precis'jly the same as tliat of ProfesHor Pai]re's! circuit-

breaker of 183d, viz., that of breaking the circuit with

mercury covered with alcohol or water, for the purpose of

arresting suddenly the passage of the extra current in the

primary coil, and thus removing the obstacle to the com-

plete reaction of the magnetic forces upon the secondary

wire. The coincidence of these inventions, eighteen years

apart, is quite remarkable.

The last circuit-breaker we shall notice is one described

in Noads' Inductonum, 1856, page 39. The account leaves

it to be inferred that it was the invention of Mr. Ladd, for

whose particular benefit the Inductorium was written. In-

stead of a light hammer piece falling by its own weight

after the attraction of the magnetic core has ceased, with no

mode of regulating its retractile force, as in the McGauley

circuit breaker, (called " Neefa hammer" by Mr. Noad,)

the hammer is on iljo end of a stiff spring, the teusiou of

which is regulated by a set screw, and thus the attraction

may be sufficiently slow to allow the magnetism of the coro

to rise to its maximum. Mr. Hearder introdooed this device
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with his coils in 1857, (Lend. Edin. Phil. Mag., Sept.,

1837, page 238,) and claimed it as aa improvement on the

coils of Huhmkorff, who used merely the gravitating ham-

mer of invariable weight or retractile force. The circuit

-

breaker of M. foacauit bad also this adjaatment, but thia

essential feature of a circait<breaker was first introduced by

Professor Page in his circuit-breaker of 1838.

The little independent circuit-broaker, Figs. 5 and 6,

inudc by ihe reciprocating armature, and so much in use for

medical machines, is defective iu this rerf[>ect. The tension

of the spring may be varied somewhat by the set screw,

which adjusts the pressure or force of contact; but, in so

doing, it brings the armature nearer to the magnet, thereby

increasing the attractive power in a rapid ratio. It is de-

sirable to be able to adjust the distance of the armature, aa

well as its retractile force, and a perfect circuit-breaker,

whether with mercurial or solid conuecLions, should euiu-

bine both capabiliLies. 13y referring to the Pagti cireuit-

breaker of 1636, it will be seen (we have already explained

how) the distance of the hammer from the magnet was regu-

lated at pleasure, while the retractile force of the hammer
could be varied without changing the distance of the ham-

mer from the magnet, by means of the sliding weight.

The great importance of this function of resistance or

retractible force is well illustrated by Mr. Noad in h's In-

ductorium, pp. 40, 41. He remarks: "The iiiilaencc ex-

erted by the resistance thus set up to the rupture of the

battery contact, on the strength of the induced current, ia

far greater than could have been anticipated. The instra*

ment we have been describing gives, between the terminals

of the secondary, when the adjusting screw is entirely re-

laxed, thin, thready sparks about 1} inch long; but when

the spring is strained to its uLinost, bi'id.ciii.1 liashcs, upwards

of 4 inches long, pass coiitiuuously. Tlie control which

this form of breaker gives lo the operator, while periormiag

UIQliI^ed by Cjooole
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experimcDts in which considerable variations in the power

of the indaced current are required, renders it of great

Ynlue."

In regard to tbe eleotrotome or circuit^breaker used bj
BubmkorflE we must insist upon the cognomen of tbe Mc-

Gaalej circuit-breaker or bammer, instead of the "Neef

hammer." We prefer to give things their riglit names and

credit where it id due. Where a distinct principle of con-

struction or operation has been discovered or invented,

trifling changes of arrangement of the parts should not be

regarded as changes of merit to tbe oblivion of original

authorship. For instance, such a change as that of dLspens-

ing with mercurial connections and substituting solid con*

nections. It has always been known that the two were

interchangeable at pleasure
;
and, since the first days ol" the

electro-magnetic engine, the magneto-electric machine, and

the mechanical circuit-breakers, the substitution has been

common. We will refer only to a single instance. Mr.

Sturgeon, in describing bis vibrating contact-breaker,

August 5, 1887, (Sturgeon's Annals, vol. 1, page 479, and

plate 15,) exhibits both kinds of connection, to be used at

pleasure. Becquere), however, seems to settle this point for

ns. While describing the Kuhmkorfl' coil, {Traiie (TElectri-

ait ci de Mar/neiisme, vol. 8, page 240,) says: "This inter-

rupter is disposed absolutely as that of De La Rive, iigured

on page 213." On turning to page 218, we find a vibrating

wire, furnished with a hammer near its middle portion, while

its free end dips into a mercury cup. Inasmuch, therefore,

as Dr. Neef did not invent any bammer circuit-breaker, and

Prof. McGauley did originate tbe bammer circuit-breaker

more than a year before Dr. Neef descntjcd a similar in-

vention by Mr. Wagner, we think it jnst to say that Ruhm-

korft' employed the McUauley circuit-breaker or hammer

in his coils, and equally just to decide that Mr. Ladd, Mr.

Hearder, and M. Foucaultemployed the Page circuit-breaker*
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We would not detract ia tbe least from those wlio tak0

pride ia special arrangeiBents, while we ebaraterise the die*

tiactive features of those which mast he regarded as types

of whole classes. Generic distinctions must be preserved,

however much the species and varieties multiply.

In summing up the subject of circuit breakers, we are

led to the following conclusions, viz

:

First, Tbe first mechanical circuit-breaker used with an

indaotion coil was by M. Masson, of France.

Second, The first automatic or self-acting circuit-breaker

used with an induction coil was by Prof. Page.

Third. The first circuit-breaker, whether mechanical or

automatic, used with an induction coil having a primary

and secondary circuit, was by Prof. Page.

Fvurih. The first independent automatic circuit*breaker

used with an induction coil was by Prof. Page.

Fi/ih. The first aUaehed automatic circuit-breaker used

with an indaction coil was by Prof. McGauley, of Ireland.

Six^» The first adjustahU automatic circuit-breaker,

whether independent or oMtuh^, used with an induction coil,

was by Prof. Page.
"

Seventh. 'ITie first mercurial circuit-breaker used with an

induction coil was by Prof. Page,

It is not intended by this to cover the act of breaking

the circuit by lifting by hand a conductor from a mercury

cup ; but distinct organizations, whether mechanical or au*

tomatic, for breaking the circuit rapidly, in which mercury

was used.

Eighth. The lirst auloiuatic attached circuit-breaker, in

which the retractile force of the hammer was adjustable, so

as to be increased or diminished at pleasure, was by Prof.

Page.

Ninth, The first spark-arresting circuit-breaker used with

an induction coil was by Prof. Page.

Tnith* The first aUach^ oircuit*breaker which combined

UIQliI^ed by Cjooole
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the means of adjusting the retractile forcci of the hammer

and its distance from the magnet was by Prof. Page.

MUnenth, The first use of an automatio oircuit-breaker

with an induction coil for remedial purposes was bj Prof.

Page.

Twelfth. No novelty or improvement in principles of con-

struction or operation has yet been mfide in circuit-breakers

that is not embraced in tlie fifteeu d liferent kinds of circuit-

breakers invented by Prof. Page prior to 1840.

CHAS. G. PAGE.



ON THE ELBCTBOSTATIO PBOPBRTIBS OF THE
INDUCTION COIL AND MAGNETIC-BLECTRIO

MACHINES.

PART III.

The opinion was entertained by men of science, at a very

early period in the history of Galvanism, tliat it could bo

identified with static electricity. After the erection of ex-

tensive compound batteries, it was soon found that eieotrioal

tension was manifested at their poles, attractions and repul-

sions were produced, and Leyden jars or batteries charged.

The dry piles were capable of exhibiting these phenomena

toT several years. The most important test, however, and

one wliicli science justly demanded was the projection of

the spark between separated poles. Sir Humphrey Davy
stated that 2,000 pairs Wollaston plates gave a spark ^\ to

^V, inch in air and J an inch in vacuuo. Mr. Children stated

that 1,250 pairs gave sparks through inch. Dr. Henrj,

in his Elements of Chemistry, and Dr. Turner, in his Chem-
istry, edition of 1840, both state that the current from a

galvanic battery was capable of passing in the form of a

spark before contact of the poles. Prof. Danicll slated that

" he had often seen sparks playing between the cells of hia

battery when they were approximated too much." This

assertion was made prior to 1839, and Mr. Gasaiot was of

opinion that " Frof. Daniell labored under some error when
he made this assertion,** and in fact proves it so experiment-

ally. Faradaj went even so far as to assert that a spark

would pass before contact, with a single pair. (Phil. Trans.,

1834.) He afterwards admitted this to be an error, in tho

octavo edition of his Researches. He was led to review this

opinion after Jacobi had proved that the current &om even

UIQliI^ed by Cjooole
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12 pairs of plates ia the most active operation would not

pass throagh one tweniy thowandih of an inch. Mr. Gassiot

undertook a brilliant and very interesting series of experi-

ments in October, 1839, to yerify the striking distance.

He was provided with tlie most powerfal batteries, and an

instrument called the micrometer electrometer, by which he

could measure accurately the space of « oVt of an inch. A
battery of 150 pairs, which would give a " minute but bril-

liant spark on making contact with charcoal/' would not pass

it through n^rv ^^^^ before contact. A Danieli's battery of

820 cells would not project a spark through this space, not

even in vacuuo. The current from a magneto-electric machine

f&iled also to pass this space. It Is evident that his machine

was one of feeble power, as compared v. itli tlu t dascribed by

Prof. Page more than a year previous lu SiiTs. Journal-

Mr. Gassiot then tried a water battery of 1,024 pairs, and

even with this powerful battery there was not suiEcient

tension to pass inoh| although a Leyden battery coold

be charged by it to such an extent that it would discharge

through the space of i^^s inch. It required some mittutes'

to accumulate this charge in the battery. Faraday was

present at these experiments, and, from their very decisive

results, Mr. Gassiot very naturally concluded that there had

been some mistake made by those who had previously

asserted the projection of the spark before contact. He
afterwards found that his own failure to get the spark was

simply owing to the fact that his battery aeries was not

mffieieruly extended. We are inclined to think that they

were not well insulated also. The aooount of Mr. Oassiot's

experiments was read before tlie lioyal Society, December

19, 1839. On the 5th of February, 1839, Mr. C. Y. Walker

had proved by a micrometer arrangement that a " constant

battery of 99 cells would not project the spark through the

thinnest measurable stratum of air." (Pro. Lond. Sioc. Soc,

1889, page 102» published 1841.) On the 17th of Msrch,
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1840, Andrew Crosse read before the Lond. Elec. Society a

very interesting account of his wonderful water batteries,

by far the most perfect ever produced. He there stated

that " 1,200 pairs give a constant small stream of the flaida

between two wires of an incb apart before contact."

Mr. Gassiot subsequently constructed a very extensive water

battery of over 3,000 pan s and obtained sparks ii cely from

its poles. Thus it came to be definitively settled that tlie

galvanic battery would project a spark like a commou elec-

trical machine, and a close analogy, if not actual identity,

was established between galvanic and static electricity.

THB MAeNETO-SLBCTJUC GURRBNT.

As soon as a niagneto-clectric current of any considerable

energy was obtained from organized machines, attempts were

made to obtain from this current, also, evidences of its elec-

trostatic properties. The first machine was made by M.

Pixii, of Paris, in 1832, and is described in Annales de

Chemie, 1832, vol. 51, page 76. Before we commenced

this investigation, wo had supposed that the experi-

ments with this machine were decisive as to the question

of identity of magnetic and static electricity. Mr. Noad, in

his Manual, vol. 2, page 697, remarks that, by Pixii's

machine, " a gold leaf electrometer was made to diverge and

a Leyden jar weakly charged.'' Many other authors have

repeated the same statement. We have carefully examined

the description of this machine by Ampere, who reported it

to the Academy of Sciences, and fail to find these results.

No mention is made of charging a Leyden jar, and the fact

is stated that the machine " caused tlie gold leaves of the

electroscope to div^crge by the aid of a VoUa^s condense

Mr. Clarke states that the magneto-electric machine, made in

imitation of Pixii's, exhibited at the Adelaide Gallery, Lon-

don, "did not diverge the gold leaves of an electrosoope 1

Lond. £din. Mag*, June, 1837.

UIQliI^ed by Cjooole
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Witb Saxton*s macbme of 1833, which was a great

iitipiovement apon that of Pixii, no experiments for this

purpoRe are reported. With Clarke's machine of 1835 and

'36, which wud siriiilurto Saxton's, experiiaeriLs of this kind

were repeated, and we were left under tiie impression that Mr.

Clarke had suirieieritly decided the question of identity.

We trusted to his statement in the Lond. Edin. aad Phil,

Mag., (vol. 9, page 264, Oct., 1886,) when describing the

results of the intensity armature of his magneto-electric

machine, that it deflects the gold leaves of the electroscope

and charges theLejden jar." In the absence of any express-

ion to the contrary, tlie inierence was, of course, lhat he

diverged the gold leaves of the electroscope wt'ihovt the aid

of a condenser. It has come to light, however, tliat he first

imparted a very feeble charge to a Leyden jar, and from this

charged the electroscope. The jar, of course, takes the place

of a condenser. Some person, over the signature J, makes

the inquiry in the May No. (1837) of Sturgeon^s Annals,

page 327, '*in what manner is a jar to be charged and the

gold leaves of an electroscope to he deilceted by a magneto-

electrical machine?" This in<:^uiry is au-^wered in full in

the next No. (page 407) by Mr. Clarke Idmself, who

describes the manner in which he first charged the Leyden

jar and then deflected the leaves of the electroscope. The

description is accompanied with an engraving. There is a

wide difference between these modes of charging the elec-

troscope as respects the intensity of the electricity employed.

Ampere says that the magneto-electric machine of i'lxii

" deflected the gold leaves ot the electroscope by the aid of

a Volta's condenser," so that we have no instance on record

in which the gold leaves were diverged directly by the mag*

neto-electric current, until this was done by Prof. Page with

his improved magneto-electrio machine in 1838. (Siirs Jour.,

vol. u4, page 166.) Fig. 8 represents the machine with circuit-

breakers attuchcd. We have before referred to luis machine
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and itd results. It is there stated that it ''caused the gold

leaves of the electroscope to diverge strongly without the

aid of a Leyden jar or extended insulated metallic surfaces,

and charges a Leyden jar at every touch." To charge a

Leyden jar to such a degree as to be able to obtain from the

jar inclicalioDS with the electroscope, can liiirdly be accepted

by itself as evidence of tliat degree of tension in the mag-

neto-electric carreut, which would characterize it as possess-

ing electrostatic properties. Perhaps, if this were the only

indication possible to obtain, we might suppose an analogy

or connection, bat would not be willing to accept it as full

identification. All the properties must be proved.

When the Leyden jar is to be charged, one terminal wire of

the coil is to be in connection with the outer coating of the

jar, and tlie other terminal to be carried to the kuub of t\\o

jar, by an insulated liandle, and the precaution usually

observed of connecting the knob of the jar with the inner

coating by a wire instead of a chain. The Leyden jar is, in

fact, nothing but a condenser. It was well known that an

extended series of galvanic battery (see Sturgeon^s Annals,

vol. I, No. 1, i)age -iO) would thus charge a jar, while it

would not, by coniuct ^Vl.u ^ single pole, exhibit suilii icnt

tension to diverge gold leaves, oi project a.^park inrough

any distance. This Mr. Gassiot found to be ihe case with

a battery of the iinmense power of 320 cells Daniell's

constant battery. (Fhil. Trans., 1840, p. 184.) He subse*

quently carried the galvanic series to such an extent as

to exhibit electrostatic tension, which we have noticed

elsewhere. The immense power of a condenser or Leyden

battery, to absorb Tree electricity from a galvanic butterv, is

shown by these experiments of Mr. Lfa^siot. A water

battery of 150 pairs, which would charge a Leyden battery

of twelv* -allon jars sufficiently to fuse the point of a pen-

knife and deflect the gold leaves of an electroscope, wonld

not project a spark through ^ oVii iXMh., He also found

^ed by dooole
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that a water battery of l,02i pairs would cliarge a Ley<lca

battery of nine jars to such an extent as to give a

discharge through jo%ji of aa inch, while this water

battery would not of itself project a spark through ^g^jjo of

an inch. It required nearly two minutes for the Leyden

battery to condense or aconmnlate this charge. The best

illustration of the correctness or propriety of such a test or

standard of electrostatic identity, may be drawn from the

Tolta inductioii coil, when used wuh a condenser, as lu the

liuhfnkoriF coil. The condenser is strongly charged by the

primary coil, while it is not known that simple contact with

the short primary wire has ever diverged the gold leaves of

an electrosoope, or projected a spark before contact
;
and,

until one or the other of these conditions were fulfiiledi

physicists were not willing to accept the identity of the

current of Yolta electric induction with statical electricity.

When one pole of a battery or one pole or terminus of an

induction coil will, by simple contact with the cap of the

electroscope, cause the gold leaves to diverge, there is evi-

dence of free electricity, which escapes by transference or

distribution, without the aid of co-operative induction from

the other pole of the battery or terminus of the coil.

There is but one other record, so far as we can find, on this

subject, prior to the announcement of Prof. Page's modifica-

tion of the magneto-electric machine, and the electrostatic

results obtained therefrom, to which we may briefly allude.

(See Sturgeon's Annals, vol. 1, No. 1, page 80, Oct., 1836.)

Mr. Sturgeon there states that he made a " visit to Mr.

Bainey, a surgeon, at Maze Pond Borough f that he was

pleased with h\BpreUy UUh* magneto-electric machinoi which

gave powerful and disagreeable shocks. It deflected the

leaves ofan electrosooipe and charged a jar to a low intensity."

He says: " The divergency oi the electroscope was not new

to me, but the charge of a jar was periectly so." lie then

*Tk» ttallM u« onri.

u
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describes the constrnction of a very exteosiye condenser,

made of ** three yards of varnished silk, cdated with tin

foil, and coiled upon a cylindrical nacleua of wood, an in*

tervening ply of silk preventing the two coatings from

tonching one another." This was charged by the machine

to a ]ow intensity. Mr. Sturgeon says the divergency of the

gold leaves was not new to him, but the charging of the jar

was so, " as he had not seen it." He does not say that he

had seen the gold leaves diverged before, nor does he des-

cribe how Mr. Bainey diverged them. But as he had a
" litiU machine,^ whieh only gave " disagreeable shocks," it

conld not have been more powerfal than Mr. Clarke's ma*

chine, and the nnavoidable inference is, that his electroscope

was diverged by the help of his Leyden jar, or his con-

denser—probably by the latter. This inference is strength-

ened, if not f ully confirmed, by the fact before spoken of,

that, snbsequently, when a correspondent, in a letter to Mr.

Sturgeon, as an editor, asks him how the gold leaves of an

eleetrosoope are to be charged by the magneto-electri!) ma-

chine, Mr. Sturgeon allows Mr. Clarke, in the next No. of

the Annals, to answer for him in the manner before quoted,

viz : by " first charging a Leyden jar." The readers of

Sturgeon s Annals will not fail to observe the readiness with

which he communicated all the information in his possession,

and Mr. Clarke must be considered in this case as answering

for Mr. Sturgeon.
,

In view of all the facts which we can bring to light upon

this subjiect, we consider that

—

Pro/. Page mas the first to prove the electroiftatic properties of

tJie magneiO'eleciric curreutf cts derivedfrom the magneto electric

machine..

A perusal of the description of his improvement in this

machine, and its remarkable results, will show to what extent

these properties were exhibited. (Sill's^ Jour., vol. 34, IBdb.)

A separation spark of " half an inch in length** was obtaittedy

^ed by dooole
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and a truly projected secondary spark was seen to play be- •

twecn the segments of tlic jiolf? clianger, (about |V of an inch

distance.) One of the mu^t ciLrikiug discoveries with this ma-

chine was the ignition of disintegrated conductors. A shred

of iron filings, an inch long, was ignited and lused by the cur-

rent. This is the basis of all the modern improvements in

blasting, in which a disintegrated conductor is substituted in

the fuse for a platinum wire. ,The penetration and ignition

of conductors in the pulverulent condition is one of the most

curious oi' all the results of the ruagucto-electric machine.

A very small machine, incapable of igniting a platinum

wire, will ignite plumbago, in the form of a pencil mark,

through many miles of wire. It is stated, in a recent report

of the Commissioner of Patents, that a " magneto-electric

machine, contained in a box of a cubic foot in size, being

worked by hand, in a telegraph office in Washington, ex-

ploded a cartridge of powder by this means in an office in

Nt;vv York, a distance of over 200 miles." The beautiful

experiments with metallic powderti, iliumiuated by the

sparks from a KuhmkorlT coil, are all modifications of this

discovery by Prof. Page; and he has recently announced

that a spark of immense length can be taken from the con-

ductor of a common electrical machine by passing it over a

pencil mark drawn on a strip of dry paper.

Prior to the construction of Prof. Page's double machine,

the only oftbrts to obtain an increase of power were by en-

larging the magnets and culls. To this, of course, there was

an early limit, but by the iiTAprovemeat no limit except the

power necessary to revolve the armatures. He pointed out

the way, and predicted in a most emphatic manner the

electric light. The following quotation from a communica-

tion to Sill's Journal for January, 1839, under date of

November 13th, ISo^, by Prof. Page, is not without interest.

"The avenue, then, to an Iml finite power, is too obvions to

escape notice. lucrea^ic the uuinber of pairs of magnets,
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extend tbe series of armatures on tbe same shafk, or in any

way in wbicli they may be brought to bear on the same

ttTrninal poles, and I hazard notliing in the assertion that,

for the same prime cost, and contained in the same space, a

magneto-electric machine can be made of equal power to a

galvanic battery of one thousand pairs of plates. It is evi-

dent that there will not be that rapid diminution with tbe

extension of the series which obtains in the galvanic ar-

rangement, for the whole route of the current will be through

solid cotidactorrf. >\ot]iiag but the want of means has re-

strained me from erecting a magneto electric machine which,

I feel confident, would rival the largest galvanic battery in

existence. Tke arch of Uy/U would be obtained by dUpoaing

Ofi6 set of armatures cU right angles to the other, so that, while

one gave a diminishing current, the other wo^tJd afford a current

in the same ratio. While one set was in the neutralplane, the

other toonPl tte a/ the point of strongest aciton." This principal

ot multiplicat ion and concentration has been carried out la

all the large machines used in the arts for electrotyping,

illuminations, blasting, and telegraphing. So impresvsed

was Prof. Page with its practical importance, that in 1843

he applied to Congress for leave to take out a patent for his

improvements. The petition was refused, Prof. Page being

an officer in the United States Patent Office, and debarred

by law from taking a patent, Congress declined to make an

exception in bis favor. Some idea may be formed of the

advanced condition of this machine in his hands, in 1838,

by referring to the experiments of Gassiot, in London, in

October, 1839, (Phil. Transactions, 184:0, page 185,) when

he failed to get a spark from a magneto-electric machine,

through of an inch. Mr. Gassiot was remarkable for

his munificence in the preparation of apparatus for experi-

mental purposes, and we presume employed the best magneto-

electric machine to be had in Loudon at ihat time.

6

^ed by CjOogie
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THBRMO-BLECTRICITY.

For many years after the discovery of the tbermo electrie

ourrenly fraitless attempts were made to obtain a spark

from it. This seemed to be wanting to establish the identity

between this and galvanic electricily. The spark was first

produced by Protesssor Papre in August, 1836, and the

spark and shock were both produced by him December 2,

1836. (Sill's Journal, vol. 33, page 118.) The spark was

obtained afterwards in £arope by Linari & Antinori in

Italy, and announced December 18» 1836. The discovery

admitted this species into the electrical family ; but it is only

within two or three years that a thermo electric current of

any magnitude has been obtained, and now, in the hands

of Moses G. Farmer, of Boston, it is made to perform the

work of galvanic batteries of considerable size. As a means

of operating the Buhmkorff coil, the thermo-electric battery

is very efficient^ convenient, and elegant, and thus we have

advanced to that stage of improvement, that the once in*

visible current leaps before our eyes in brilliant flashes, and

ranks as a rival with the highest sources of static elec-

tricity.

THK INDUCED CURRENTS.

When Faraday discovered the induced current in 1831,

the current of his secondary wire had less intensity than

that of the primary wire, and as he did not obtain even the

sign of a spark, it was not to be expected that his miud

should have been dire(;ted to any eilbrts to prove analogies

between the induced current and static electricity. In the

accounts of subsequent experiments of Dal Negro, Pro-

fessor Henry, M. Masson, and Dr. Neef, which we have des-

cribed in Chap. I, this subject was not mentioned. Neither

of these philosophers went beyond the primary cur*

rent in their investigations. In 1834 Faraday obtained a

feeble spark from a secondary wire, (which was actually

skofter thuu lue primary wire,) but lUis appearauca excited
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no particular attention, and, instead of being regarded as

an indication of intensity by Faraday, or as a current in

any way differing in condition or povrera, he concluded that

the two currents^ viz., primary and secondary, were equiva-

lents, which, in fiict. tliey were, us his two circuits were of

equal capacity. He thus expresses it : "The strong spark

in the single long wire or helix, at the moment of disjunc-

tion, is therefore the equivalent of the current which would

be produced in a neighboring wire, if such second current

were permitted "—^that is, if the ends of this neighboring

wire were connected.

As soon as the secondary induced current was exalted to

one of intensity by Professor i'agc, he turned his attention

at once to the identilication of this current with static

electricity. In his communication to Sill's Journal, dated

Salem, Mass., May 12th, 1836, it is stated that a ''two-

quart Leyden jar was charged by the secondary circuit so

as to give shocks/' (Sill's Journal, vol. 31, page 140.) In

his next communication, dated April 24, 1837, it is stated-

that " vivid sparks pass between charcoal points in the in*

duceJ circuit, provided they do not qxn'tt totich,^' (Sill's

Journal, voi. '62, pfi^e 355.) In his unpublished communi-

cation to bill's Journal, dated December 2, 1887, endorsed

by the editor as received December 8, 1837, he states as

follows : " I have at last succeeded in charginj^ a Leyden

jar by the action of the spiral in connection with a single

pair of plates." This subject is again introduced in a com-

munication, (Sill's Journal, vol. 34, page 166, 1838,) and in

the same vol., page 372, m describing a powerful coil, it is

staled that an intense light was produced between charcoal

points in the Induced circuit, a Leyden jar was charged, and

that the induced current was sufficiently intense to pass

from one person to another through the floor. Again, in

the description of his compound-magnet and electrotome.

Fig. 2, published in Davis' Mannal, November, 1838, asw

^ed by dooole
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have before quoted, it is stated that the " induced current

passed between points hefort etmiaet, deflected the gold leaves

of an electrosoope, and charged a Leyden jar." Again, it

is stated by Davis, of another of Professor Page's coils, that

the induced circuit " produced a beautiful light between

charcoal points held almost m contact. Water was decom-

posed by using Wollaston tubes, and the platinum j)oiiiLS

were luminous. During the decomposition, sharp, ticking

sounds were produced, audible at the distance of eighty feet.

A Leyden jar was oharged by simple contact of its knob
with one terminal of the induced circuit, so as to give

shocks. A gold leaf electroscope was readily affected by
touching its cap with a wire fixed in either terminal cup of

the iieuoudary circuit, the leaves exhibiting considf^rable

divergence, and without the aid of acondeuaer ;" and, finally,

it is stated that the " wire must be well insulated from the

hand in which it is held, or the electricity will be conveyed

off and no accumulation be obtained." What more do we
require ? what more could the most rigid exactions of

science demand, than these results, as proof of the com-

plete identification of the induced current with static elec-

tricity? It must be borne m rn:ui thai :l11 tliese develop-'

ments of intensity were produced by the use of Prol'essor

Page's spark-arresting circuit-breaker of 1836. No
measurement of the striking distance was made; but the

simple fact was discovered that a spark was projected

through discernible space, hefore contact, and this was wit-

nessed by hundreds of persons who purchased the appa-

ratus of Mr. Davis. The electrostatic properties of the coil

were ilius positively settled, and the apparatus was made,

advertised, and sold for the very pur[)o.se of exhibiting

phenomena upon which identihcation was to be proved. It

is true that a part of this last quotation is from the edition

of Davis' Manual of August, 1842, pp. 183, 184, but it is

only a repetition (with the exception of the sounds and^
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iuminositv during decom position) of what was stated in

18^38 ol" the coinpomid magnet and electrotome, accom-

panied With particular instructions as to the maauer of cou-

ductiog the experiments.

In regard to the spark'arrestingoirouiNbreaker anmjiiiiced

in 1836, Prof. Page oommaQioates the following, in the early

part of 18«8, (Siirs Jour.. Vol. 34, No. 1, page 166 :) "I
have some time since shown that the shocks and decompo-

sitions produced by the secondary current of flat spirals and

helices, in connection with a single pair of plates, were greatly

increased it the surface of the mercury or solid conductor,

from which the circuit is broken, be covered with pure

water or naptha. I have since found that oil* gives a far

greater increase than either." Then follows the rationale

;

but as it is rather toore fully given in the succeeding volume

of the Journal, page 256, we quote the latter. In the com-

municaLion ou the compound magnet and electrotonie, dated

November IB, 1838, preparatory to its desenption, the fol-

lowing experiment is given :
" Place a straight electro*

magnet npon a large flat spiral of copper, in the direction

of a radius of the spiral. When the spiral is connected

with the battery, the magaet becomes cbarg^d, andaseoond-

s.rj current in its wires is the consequence. Break tbe

battery connection with the spiral, and examine by the

common tests the power of the secondary from the magnet;

again, break the circuit from mercury covered with oil ; and

the secondary from the magnet will now be found stronger

than in the first case. When the circuit is broken oy^er

clean mercuryi the secondary, flowing through ihe heated

apor and air, acts as a closed circuit to prolong the mag,

netism of the spiral, and thns present a sadden influence

upon the magnet. When the mercury is covered with oil,

the secondary of the spiral is arrested, and the magnetism,

suddenly ceasing, exerts its whole influence upon the mag-

*Bpwm oil was generally used. OUva oil will aUNrir*

^ed by doogle
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net; or rather, tbe magnetism ol tlio bar ceases with that of

tlie spiral. The same phenomenon is weli illustrated by the

electro-magnet alone, where the fine wire is independent of

tbe large." The same subject is again alluded to on the

ittooeediog page, and again in volume <i7. page 276, July 2S«

1839, making tbe sixtb time in wbicb tbe application of tbia

prinoiple bad been brought forward in so manj distinct

publioationa. Notwitbstanding tbe peculiar advantage thus

derived in tbe development ot* secondary currents and aug-

menting their intensity, no one in Europe seemed to have

taken any notice whatever of its value; and for a period of

more tban three years after its first announoeroent by Prof.

Page, we find no mention whatever of any attempts on tbe

part of tbe European pbilosopbers or experimenters to ob*

tain electrostatic results from tbe secondary current. During

tbat period a very great number of induction coils and cir-

cuiL-breakera were announced, but no importance or interest

seems to have been attached to this branch of tbe subject.

We had the Masson coil, the Neef coil, the Callan coils, the

Sturgeon coils, the McGauley coil, the Dr. Bird coil, the

Lockey, tbe Nesbitt, tbe Clarke, tbe Roberts, tbe Bacbbofi'ner,

and many otber coils^ all represented as being very potent

in giving sbocks; but^ beyond tbe intensity required for tbia

purpose, not a single inquiry is recorded.

In October, 1839, Mr. Gassiot, of London, undertook to

satisfy himself as to the striking distance of galvanic batteries

by experiments, which we have given in detail at the begin-

ning of this chapter, and also tested the power of the

secondary. (Phil. Trans., 1840, page 188.) He used the

magnetic-electric multiplier of Prof. Page, and obtained

•parka between two platinum points of ^iv ft^d

tJso a stream of sparks between cbarcoal points of an

inch. A Leyden jar was charged sufiicientl}' to deflect the

gold leaves of the electroscope. These indications were

considerably below those already described as obtained from
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tbe Page coils, but were, neverthelM, decided and poaitiTe.

It will be remembered that in Prof. Page's experiments

ahoeks were obtained from the Leyden jar and the gold

leaves of tlic electroscope made to diverge without the aid

of a Leyden jar or a condenser. If Mr. Gassiot liad manip-

ulated the multiplier according to the directions of Prof.

pMge, (Silliman*s Journal, vol. 84, page ^72») by breaking the

circuit by mecfaanicai force at the moment the armature

required the maximum of force to carry it beyoud the

tnagoettc poles, he would hare realized much better results,

and still greater advantages might have been reaped if he

had covered tiie mercury of his circuit-bt eaker with some

non conducting liquid. Before describing tlic experiments

with the coil, he states, p. 187, that " his attention had been

culled to similar results obtained by Faraday, (see his ninth

series § 1090 '*) evidently meaning that Faraday had ob*

tained the Hriking distance—that is, a secondary current

projected in the form of a spark before contact. In this we
are convinced that he was entirely in error. Faraday^s ex-

periment IS as follows; A primary helix of copper wire, 96

feet long and -.-^^ of an inch thick, was wound upon a paste-

board tube, so as to admit of the insertion of a bar of iron.

Another secondary wire of the same size, and feet

long, was partly interwound with the primary and partly

exterior to it. The wires were naked and their convolu*

tions separated by winding a string between them. The
superposed layers were prevented from contact by a strip

of calico. The battery consisted of one pair of cylindrical

plates, tlie zinc plate being eight inciies high and four

inches diameter. With this apparatus be states that, when
the •* primary wire was connected with the battery and

the ends of the secondary wire discozineotedy the primary

gave a good spark at the place of disjunction." " When
the ends of the secondary were connected, no spark, or

one sc&roely yiaible, was produced by breaking the prim*
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KTj circait.*' " Then, again, when tbe ends of the secondary

helix were held so nearly together that any current running

round that helix should be rendered visible as a spark, a

spark was obtained instead of appearing at the disjunotion

of the primary belix.'* "The^je eliucts were reprorluccd by

two extended long wires." It must strike any one t'atuiliar

with such experiments, that, with such an apparatus as was

here employed, a tension spark, through discernibleor meas-

urable space, was out of the question, or, in other words, that

the means were entirely inadequate to produce a spark

before contact. With the extended wire the breaking of

the circuit would not even produce a shock with the prim-

ary wire, except in the mouth with two silver plate.-^, 1064.)

The insuL^ition of both wires was of the most imperfect den-

oriptiou, and not the slightest indication of shock was ob-

tained from the secondary circuit, though it should have

been competent to produce very powerl'ul shocks if its inten*

sity bad been sufficient to project a spark. The description,

in fact, bears its own refutation of any such construction.

When the secondary circuit was closed, the spark of the

primary disappeared, and in the case of thi^ suppo.sed spark

before contact, it "also disappcarad.^^ Now% if tlie spark of

the secondary passed before contact, the spark of the primary

should not have disappeared, but there should have been a

considerable spark at the disjunction. This is too plain, as

a matter of principle and matter of /ae^ to be disputed*

The spark seen was merely the spark of ignition, Faraday

himself explains very satisfactorily this spark of ignition,

(g 1074.) After describing an electric spark as "the bright

appearance of electricity passing suddenly through an in-

terval of air or other bad conductor, he says :
" The Voltaic

spark, especially between one or a few pairs of plates, is due

to tbe ignition or evencombustion of conducting matter,*' and

that the "spark often appears to pass before contact, when it

is only a case of ignition by the current, contact being pre-
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viously made, and it is perfectly analogous to the ignitian of a

fine platinum wire connecting the polesof a Voltaic battery."

It was such a spark, and no other, which was produced in this

case. We have already mentioned the fact that Faraday had

asserted (Phil. Trans. 1884, § 957,) that a " spark passed

before contact with a battery consisting of only a single

pair oi
i

aies," and that after Jacobi disputed this (Phil.

Mag., December, 1838, p. 401,) proving that a spark even

from 12 pairs would not pass the 2ffJ«u inch, he acknowl-

edged his error, considering the spark to he one of

ignition a/Utr contact. As we shall presently see, M. M.
Massott and Breguet failed to get a spark through the air,

even with their powerful coils, although their experiments

were regarded by many authors as conclusive on the ques-

tion of electrostatic identity. Mr. Gassiot hniiself. in this

communication, alludes to several powerful galvanic bat-

teries which gave this spark on the completion of the cir-

cuit, which, nevertheless, would not project a spark^through

sti^tfv inch. This apparent spark is best seen when one of

the approximated conductors is pointed. It is often much
increased by the ignition of adherent loose atoms of metal.

Mr. Gassiot was undoubtedly the first among Europeans to

observe the projected spark, and the electrostatic powers of

the secondary coil, although every author who has written

upon the subject has given the credit of this discovery to

Messrs. Masson and Breguet, of France. Even Mr. Noad
has overlooked the claims of his own countryman, as com*

pared with those of the two above named philosophers.

The memoir of Masson and Breguet was presented to the

Academy of Sciences 24:th August, 1841, but was not pub-

lished till 184:2. We have before referred to their experi-

ments, and expressed the opinion that they were not entirely

satisfactory, although Du Moocel and Becqaerel both assert

that they were the first to establish the connection between

the secondary current and static electricity. One says their

UIQliI^ed by Cjooole



wires were "badly insulated/' and the otber tbat tliej were
" suitably insulated." All authors, with the exception of

l)c la Hive, agree in stating that lljey used only a pri'

mary coil. If this be no, we are at a t" nrtHor«tnnd the

meaning of the following passjige in their cotnmuDication.

(Annales de Chime, 184S, Vol. 4, p. 150 :)
" Eoaubstituant

le courant d* induction a Textra ecurant, le pbenomene lumi-

neoz se produit encore completement. Ce fait prouve qu'on

pent Induise nn courant dans nn fil oavert, et que Tindac'

tion est nn pbenomene d'electricit^ statique." A sain, in

suiiiniiiig u|», ihe 5th conclusion is as lullows : *'La lumiere

6lectriqne produite dan le vide par des extra courant?, ou

des CQurantsi d'induction, presente tous les caracteres as-

sign^ a la lumiere eJectrique produit dangles memes cir-

Constances, par des machines on des bouteilles de Leyde."

These remarks certainly imply the passage of the spark in

acuuo from the secondary as well as the primary circuit. It

is true, these allusions to the secondary current are some-

what incidental, being the only mention niade in the course

of a long communication of over twenty pages, nearly the

whole of which is devoted to experiments with the extra-

current, or that from the primary coil. Their apparatus

was very poorly calculated to prove their conclusions, as

tbey bad a secondary circuit of the same length and size of

wire as the primary circuit, and their extra-current must

have possessed greater intensity than their secondary. They
used a ci il of l,oOO meters of wire of 2| millimeters thick-

ness, divided into two lengths of 650 meters, and wound up

side by side, the wire being covered with cotton, without

varnish or insulating cement of any kind. Their only in*

duction current, therefore, was from one of these two lengths

of wire, and the central opening of their coil was over six

inches in diameter, so that when a bar of soft iron was in-

troduced, it actually retarded and diminished the secondary

currents. TUey were certainly much behiud the times in
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the selection and construction of their induction apparatus
;

and from the inadequacy of their means to manifest hiirh in-

tensity by tlieir secondary circuit, we are willing to accept

the authority of Du Moncel and Booquerel, that their results

were produced by the extra current or primary circuit. In

passing, we remark that Faraday first tiaed the term extra

eurr&it to designate the secondary current from a primary

coil. Masson and Breguet failed entirely in getting any

spark through the air, though they obtaiiiiid one of two mil-

limeters length in vacuuo. Tiiey charged a condenser, and

I'rom that deflected the gold leaves of the electroscope. They

state tliat, after the eparks had passed, while the circuit-

breaker (one of the mechanical class) was in operation, they
** gradually separated the points until their distance was two

centimeters/' (little over } inch,) and the light still played

between them. As they used eight and more pairs of Dan-

ielTs b.iUcry, a considerable portion of this light was un-

doubtedly due to the pas.-sage of the battery current itself.

Their striking distance in vacuuo must be taken as that be-

yond which the current would not pass before they com-

menced to separate the points, y'lz : 2 millimeters, (about ^
of an inch.) If these had been the first and only Indications

obtained to prove the electrostatic powers of the coil, they

might have been justly regarded as affording some proof.

But, in point of magnitude and decisive ciiaracter, they ma^t

be regarded as decidedly inferior to those before obtained by

Mr. Gassiot and Prof. Page. It is very singular that Mr.

Gaasiot obtained no increase of length of spark in vacuuo.

It must have been that his exhaustion was not good for a

coil that will give any perceptible length of spark in Air,

will give a very considerable increase of length in vacuuo.

Thus, Sir Humphrey Davy says that his battery, which
" projected a spark inch in air, projected througli halt an

inch in vacuuo." Twenty times the distance! We get a

greater ratio with the secondary current on account of beiu^

UIQliI^ed by Cjooole



.^2

insulation. Mr. Gassiot's coil gave by actual measurement

a projected spark of inch, (a division of space quite dis-

cernible to good ejes,) while Masson aod Breguet's coil gave

no spark ia air, and ooe of 2 millimeters in yacuao. The
spark of Prof. Page's coil was not measared, but is described

as a stream between charcoal points not in contact. As,

however, the other electrostatic indications considerably ex»

ceeded those of Gassiot, we are warranted in the inference

that the projected spark was longer. In order, however, to

settle this point beyond all doubt, we have recently made
trials of the original compound-raagn^n and electrotorae

made for Prof. Page iu 1838, and find that exactly in its

primitive condition, with a single pair of Orove's battery, it

gives sparks from to inch in length, and that it lights

vacuum tubes 4J inches in length. This coil is represented

by Fig. 2, corresponding exactly to the description in Sill's

Journal, vol. 85, page 258, and in Davis' firdt Manual, Nov.

1838, with the exception only that, in the description in

Sill., the iron hammer piece is described as a "cylindrical

piece, the length of whose axis is greater than its diameter."

The disc of the McGanley circuit-breaker was the worst

form for attraction. It was discovered by Prof. Page, in

1838, that a piece of soft iron in the form of a disc could be

presented to the pole of an electro-magnet in such a manner

as not to be attracted in the least. (Sill's Journal, vol. 85,

No. 3, page 265.) The advantage, therefore, of the cylindri-

cal or elongated piece over the disc or ball, is obvious. The

spark-arresting circuit-breaker was used, and the following

certificate is introduced merely as corroborative ofour state-

ment.

We, the undersigned, have seen repeated trials in the

United States Patent Office of an old* induction coil of small

*U is a verj remarkable fact that this aud one other «leotrostatic coil,

irlth tlM rup and ibratisf aimatnre «l«et»otOtt« aitaohed, wei* Uw onlj
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size, 7 inches lona:, 2 inches in diameter, certified to us by

Prof. Page as the original instrument, called the compound

magnet and electrotome, made for him by Daniel Davis, of

Boston, in 18B8. The apparatus corresponds to the descrip-

tion given in SllPs Journal and Davis' Manual in 1838, and

is worked by breaking the circuit fVom mercury under some

non-conducting liquid. With two pairs, Groves', a stream

of short sparks, with distinct sounds, is obtained from the

secondary coil, varying from about one-thirtieth to one-six-

teentb of an inch in length, and it illuminates successfully a

small vacuum Geiasler tube 4^ inches long. A condenser

connected with the coil did not improve the results in the

least It is a Buhmkorff coil on a small scale, and demon-

strates the electrostatic character of the seoondfiry current as

conclusively as coils of much larger size and j^owcr.

We have also ex.imiried a drawing of an induction coil,

called compound-rnaguct and electrotome, dated May 4th,

1888, certified to us by Prof. Page, as made by him at that

time, which has mnoh better provisions for insulation than

the one we have seen tried. The coils are secured to the

top of a low wooden pillar three inches high, and the entire

circuit-breaker, with its mercurial cups, and also the cups

for the secondary coil, are fixed upon a thick strip of ma-

hosrany lying over and upon the coil, and extending nearly

its whole length. Prof. Page states that he desired to have

iDstramenta of ralae saved entire from the wreck of Prof. Page's coUeution

of philosophical apparatus destroyed by the United States aoMiHrs iu tlie

spriug of 1862. The United States soldiers oncamped around Washington

believed at that time fand in this they were not far from the (act) that

most of the r»»sidents in the country outsid<» of the city were secessionists,

and lost no opportunity of visiting their displeasure upon theio. On this

oeeaaion, miBtakiug their man, as Prof. Page wm » Qoveniinent offioer at

tlie tine, a raiding party of soldiers got into an oatlmilding where htt

e^ensive phflosophieal apparatus was kept, and destroyed the entire col-

leotifiD, the aoenmulation of thirtj years* labor. No redress haa been

made.

UIQliI^ed by CjOogie
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it would look very clumsy, and its manufacture thereibre

was not urged. The plan is much more philosophical, es*

pecially in refereoce to iDsuIation of the outer or secondary

ooU» than the one before as, and, bad it been carried into

operation, would, undoabtedly, have given better resolta.

The laying of the secondary coil for its whole length directly

upon the baseboard of the machine to which are attached all

the cups for connections, and all the brass mountings for

supporting the ciit-olT, and for securinrr the coil as in the

one before us, is certainly not compatible widi good insa*

lation of the secondary coil. The plan in the drawing

avoids this defect, fig. 10 is a correct copy.

A. L. Hayes,

Assistant Examiner U. S. Patent Office,

Department of Mathematical, Philosophical,

and Electrical Instruments.

Henry Ekni, M. D.

Prof, of Chemistry, and Assistant Examiner,

U. S. P. O., in the Department of Math,

Phil., and Electrical Instruments.

In a communication to the lK»ndoii Electrical Society,

dated 17th September, 1841, Mr. Gassiot describes some

experiments with an immense secondary coil, and with a

powerful battery. The size of the battery is not given.

His secondary coil was 12 miles long, of No. 30 copper wire,

well covered with cotton and shellac varnish. Witli this

coil he obtained sparks in air, but does not give their length.

" In the flame of a spirit lamp he obtained sparks three

quarters of an inch in length." From this we infer that the

sparks in air were not less than ^ inch in length. (Pro.

Lond. Blec. Soc, 1843, page 119.)

Mr. Hoarder, of England, in describing a ooil of his (Lond.

and Ed. Jouiuul, 1650,) as an improvement on liukuikorfiTs,
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aaya it gave sparks three iaches long in air, aad nine

inches lour in the ilaaie of alcohol. This difference of one-

third we have verified hy experiment.

From the aniiouticernent of thes-i experiments until 1S51,

no udv.ini es .sou 1 11 to have been made in Kurope in the way
of augmenting the power of the secondary current. During

that time, however, the Page coils in the United States were

manufactured and sold extensively to schools, colleges, and

individuals, and many of them upon an enlarged scale.

All of these projected a short spark, and some of them gave

sparks ,V of an inch. These facts are stated under oath hy
several witnesses, whose affidavits are attached to a printed

memorial laid l/efore Conirress in January. 1866. These

witnesses are philosophical instrument-makers who have

made and sold the Page coils. N. B. Chamberlain, a maker

of instruments in Boston, since ISSl, states that as early as

1842 he obtained, with the Page coils, sparks, discharges of

Leyden jars, and on one occasion obtained flashes of light

through a vacuum tube tivelve or fifteen inches in length.

His son, 11. 1j. Chamberlain, Jixcs the length of spark at

of an inch. Mr. Grant, instrument-maker, tixes the sparks

of the Page coils at inch, and testifies that in 1842-3 he

"enlarged the Page coils, using for the secondary coils

several miles o£ fine wire, and that he obtained sparks half

an inch long, and performed other electrical experiments.

That he made a large number of such coils ; and that when

the Ruhmkorff coil was first announced in this country, it

was **no novelty," and was not so large or so efficient as the

Page coils of his own make of some years before. His coils

were four to six inches diameter and fourteen to eighteen

inches in length. With all these facts in evidence and of

record before us, we can readily understand and appreciate

the remark of the editors of Silliman's Journal, appended

to the communication of their foreign correspondent, Prof.

J. Nickles, dttted Paris, September, 1852, anaouncing the

^ed by dooole
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Bubrokorff ooil. The remark is as follows: "The name of

Dr. C. G. Page should here be added. There are many
points of resemblance between the apparatus of M. Rahru-

kurtr and the Coiapound-Maguet aud Electroiomo of Dr.

Page, whose apparatus appears to be but little known in

Europe. See this Journal, voL 25, page 252, 1639.

—

EdUorsy

(Siirs. Jour.y vol. 15, page 114, 1S5S.) This remark of the

editors, prompted by a desire to do justice, was appropriate

and well-founded. It is probable that the apparatus referred

to was not much known in Europe. Silltman*s Journal cir-

culated in Europe mure among naturalists than pliysieists

or electricians, and couiparatively few of Dr. Pages commu-

nications were republished in Europeaa journals. But

whether it was known or not, we regret to find among
scientific authors so much national favoritism in making

up their records. Science is as broad as the world, and

those who cultivate it should cherish universal respect for

the claims of their co>laborers wherever found. National

or sectarian preferences should never be permitted to give

undue prominence to any discoverer or inventor, nor, in

making up the history of any subject, to permit the suppresxio

veri. Of this latter ingredient there b altogether too much
to be found among electrical authors. We have proceeded

in this work upon the largest possible examination and ad-

mission of the 4)laim8 of every contributor to our branches

of electrical science, adopting the motto of "credit to whom
credit is due." A single instance will suffice to illustrate

this national bias which we deprecate. Mr. Noad, iu hia

Inductorium, page 26, remarks as follows :
" Various contri-

vances have been adopted for breaking and renewing bat-

tery contact, some of an automatic character, others requir-

ing manual assistance. Dr. Bird was the first, in this

country at least, to employ the permanent magnet to effect

"rupture of contact ; this he did by," etc. The implication

here is, that Mr. Noad had not investigated the subject be-

UIQliI^ed by Cjooole
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aware that the same thing had been employed in some other

country. He gives a full description of the apparatus,

taken evidently from Br. Bird's own account of it in the

Loiid. iind Ed. Phil. Mag., January, 183^. at thi^ conclusion

ot which Dp. Bird himself gives Dr. Page lull credit for

originality m the invention of the ideuticul circuit-breaker.

This is a clear case of the suppressioveri, without actual (ort.

Of the latter wrong we have already proved several striking

examples, whether prompted by national pride or ignorance

of the facts, we express no opinion. There is a shadow of

excuse for a failure to recognize facts that are only to be

learned from foreign laimuaores, but as between Enorlisb and

American authors there is no ground for extenuation. A
very remarkable case of misplacement of title to originality

is to be found in the following article from the Scientific

American of December 24, 1%$64, page 401

:

" In a reoent number of the Seientifio American, it was stated that Pro>

feasor Tyndal!, in a late lecture before the Royal Institution, had at-

tributed to Mr* Joule, of England, the disoo^erj of the diaturbanoe of

Molecular forcM hy magavtiim, when, in Iket, the diieoverj wis nwda,

aod published In Silliman's .Tounial, bgr -Ptofestor Charles O. Pago, of

Wa»hingtoi), several years l^efore the ezperimenta of Mr. Joul*^. Turn-

ing to Profesj^or TyiidalTs book of lectures on "lieat as a mode of mo-

tion," wt' lind liiiu c hargeable with anotUur anachrouisin, more decidedly

erroueous in the record of setHiitiflc diflcoveritjs. The discovery of tha

vibratiou of "Trevelyu'i bars," by galvanism, and also the continuoiifi

rolling of noetallic cylinders upon raild, by the eame agency, is a^crib^^d

by Professor T/ndall to George Gore. Esq. Hr. Qore first made his ex-

perimenta before the Royal Society, June 3d, 1858« and published the

sam« in the Philosophical Magasine, June» 1858. More than eight years

bttforoi these same dit»oorerieB were announoed by Professor Page, In Slllf*

man's Journal fur January, 1850, t<^ether with iUnairatioas of soma i&>

tereftting applications in the way of the **phif»iqmt4imu$avt9** growing out

of these disooYeries."

—

Editors.

If we are right in our conclusions, drawn from historical

facts, in awarding so many claims to Professor Page for

original discoveries and in inventions in induction and in-

7

^ed by CjOogie



98

duotion apparatus, it if* more tlidii .strange that Lis name bns

not been mciitioned in connection with the electrostatic coil

by any Kuropeau writer. As an example to show bow

completely everything accf^omplished by him prior to

1840 was ignored or overlooked by European authors, the

following is quoted from Noad's Inductorium, 1866, page 83.

" Up to about the year 1842, the only object sought by

makers of electro-raagnetic machines would seem to have

been the production of shocks and the regulation of their

intensity and frequency." " Tt was M. Mnsson wlio, in that

year, lirat directed attention to other static phenomena

which the instrument was capable of developing." We
have already adduced enough in this treatise to furnish a

thorough refutation of this opinion. The compound-mag-

net and electrotome, Fig. 2, advertised by Mr. Davis in

1838, was an instrument for scientific observation upon the

electrostatic powers of the secondary current, rather tliaii

for any other purpose. The shock from the secondarv coil

was entirely too powerful for convenient use for medical

purposes, and the magnetic core, consisting of a bundle of

wires, wasfixed in the coil, and not movable or adjustable,

as it was in the machines designed for giving and regulating

shocks. The " double helix and electrotome," and the

" separable helices " were specially advertised by Davis in •

1839 for illustration and instruction as to the varied pro-

perties of the secondary current. They are of larsze size,

and the prices of the instruments were $20, and ^25. We
cite these prices because they in fuet convey some idea of

the character and design of the instraments ; for in the

same catalogue Davis advertised two special forms of in*

strument for shocks or medical purposes, the price of which

were $6 and $8. Fig, 7 exhibits one of them, which will

be recognized as Page's revolving ui niaiure. The report

of the Committee of the Massachusetts Charitable Mo«

ohanic Association, dated September 2*6, 1839, which is
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embodied in this catalogue of l>avis, commends in higli

terms these particular instruments, giving their names, and
also the skill of Mr. Davis and the labors of Dr. Page. It

further states that " many of these instruments had been
sent to Europe/' and we must, of course, infer that the

printed instructions had been sent with them. The des-

cription winch Davi*? srives of the perforrnancjes of these in-

strumenis would pass well for a short treatise upon a

Buhmkortl' coil as it appeared in Europe more than twelve

years afterwards, and is in striking contrast with the views

entertained by Mr. Noad, as above cited.

A brief review of the above record shows conclusively that

Prof. Page was the first to show that the secondary current

was possessed of electrostatic properties of any kind, and

that he was the first to prove its idenity with static electricity

by an exliibiiioii o( all those properties of attraction, induc-

tion, and tension necessary to a full identification. These'

were the shock, tlie projected sparks, the charging of an
electroscope without a condenser, and the charging of a

Leyden jar so as to produce shocks therefrom.

That Mr. Gassiot, in Snglnnd, was the next to obtain theso

indications, though in a more feeble degree.

That Messrs. Massou and Breguet, in France, afterwards

obtained some of these inilieations, failing to obtain that

which was of paramount sigai^caaoe, viz., the projected

spark in air.

That about the same time, or perhaps a little later, Mr.

Oassiot obtained a higher degree of tension of the secondary

current than in any former experiment, producing sparks f
inch in length in the flame of a spirit lamp.

That Prof. Page was the first to discover the principle

of inereasing the electrostatic powers of the secondary by
the sudden arrest of the primary current, and the means by
which the same could be effected.

Id the year 1851 M. Buhmkorff, a skillful instrument*

UIQliI^ed by Cjooole
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maker of Paris, made a powerful coil, by which he obtained

ehort sparks in air, and the usual evidences of high electrical

tension. We do not find in Du Moncel, or Becquerel, or

Noad, any meDtiou of the length of this spark, although

we think we can approzimato it. The oo>l was made with

a primary of oopper wire of 2 millimeters diameter and

a seeoDdary circuit of rery fine wire ^ millimeter in

diameter and about six miles in length. Speeiial attention

was paid to the insolation of the secondary wire, which Bq
Moncel says was " drowned" in shellac. It is .stated also

ihat be made the coils of greater axial length than those of

Masson and Breguet, which we have before seen were particu-

larly awkward and unfavorable in their proportions. Do
Moncelf Becqnerel, and Mr. Noad, speak of his use of a

bundle of wires for the magnetic core as if it were a meri-

torious application on the part of Rubmkorfi; which ne are

at loss to comprehend, seeing that the bundle of wires was

thus used by Dr. Page arnl Mr. Gassiot, and by almost every

coil-maker after its discovery in 1837. For a circuit-

breaker he adopted the McGauIey hammer, which, as we
have before seen, was adjustable only as to distance between

the attracting points.

We have not been able to find anj public record of all

the particulars of this coil and its performances, made at or

near the time of it« execution, and have relied mostly on the

1856 editions of Du Moncers and Becquerel's Treatises on

Electricity and Magnetism. Soon after the experiments of

Buhmkorli' were made, Fizeau suggested the connection of

a condenser with the primary coil as a means of increasing

the statical power of the secondary current. Its adoption

by Buhmkorff, in connectioo with his coil, at once exalted

its power so as to produce sparks in air one and a half cen-

timeters in length, and in vacuuo a luminous arc more than

a decimeter in length—about four inches. It liluminatcd the

electric egg jn a beautiful manner, giving a red light ikbout

UIQliI^ed by Cjooole
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tbe positive pole, and a blue light at the negative. Bu
Monoel says in one place that the spark was nearly two

centimeters in length ; but, in summing up the several proper-

ties ofthe secondary current, he fixes the length of the spark

at one and a half centimeters. Becqiierel s-djii the length

was one centimeter—a little less than inch. These were

the sparks attained by the aid of Fizeau's condenser. Now,

according to the usual rate of decrease in the length of

spark in such large coils, by the withdrawal of the con-

denser, we shall be able to £nd the length of spark obtained

by Ruhmkorff. According to Mr. Noad, (Inductorium, page

42,) Mr. Ladd*8 coils are so fitted that the condenser may be

detached at pleasure. " When this is done, while the sparks

or flashes, four inches in length, are leaping between the

wires of the discharger, tliey immediately cease, and the

terminals require to be brought within half an inch of each

other before their threaddike sparks can be made to pass

between them." This accords with our own observation in

certain cases. The spark without the condenser is here

one-eighth of the spark with it. Taking .60 inch as the

maximum of Ruhmkorirs spark with a condenser, we may
be safe in deciding that they were not over

/f,-
inch without

it, probably less. This is decidedly an inferior perlbi mauce

to the coil of Mr. Grant of 1842, which gave ^ inch sparks

without a condenser, inferior to Gassiot^s twelve mile coil of

lci41, which gave f inch sparks in the flame of a spirit lamp

without a condenser, and very little better than the original

electrostatic coils of Prof. Page of 1888-9, as used with the

spark arresting cireuio-urcuker. Id what, then, we ask, con-

sisted the peculiarity of the coil made by M. Ruhmkorff, dis-

tinguishing it from all others to such an extent that it

should bear his name? Was it in increasing the length of

the axis ? This we have seen was not new. Was it in the

ttse of the bundle of wires in pUice of the solid bar for the

riiagnetio core ? This we have seen was not new at the



lOS

lime. Was it in insulating the fine wire carefully with

shellac? We have already, in the first part of this work,

quoted Prof. Callaii s, lusiructuni.s on this point in 1837, and it

is not amiss to repeat them here, in part, at least. " However
great the magnetic power may be. bowerer long or fine tbe

wire, however small its distance from the iron, acd however

perfect the coiliog, the intensity of the electric current will

be but trifling if the insulation be bad. When high intensity

is sought for, the covering of the wire will not be snfficient

to iiii^ulate each coil from all the other coils : a coui o: ocal-

iiig wax varnish, or of some non conducting cement will he

necessary." Had the coils made by l^rof. Callan been pro-

vided with tbe bundle of wires in place of the solid magnet,

he undoubtedly would have witnessed some electrostatic

results in the course of his experiments, for he employed very

long and fine wires. Mr. Gassiot also states that his twelve-

mile coil of 1841 was well insulated with shellac varnish.

Finally, was the merit of the Ruhnjkorff coil to be found

in the circuit-breaker, or in any other leuture, orin tlie com-

bination of all the above enumeratftd features ? We answer,

in neither of these conditions. The circuit-breaker was that

in common use at the time, for induction coils, and as to In-

strument, considered as a whole, the Page coil of 1888 con*

tained all the parts of this coil, and exhibited all its proper-

ties. The secondary wire was very much shorter, and of

larger diameter in the Page coil ; and although it was stated

that the fine and coarse wire coils were " entirely separate

and insulated," yet it is probable the insulation of the Euhm-
koriP coil was better ; but, as we have already seen, it was no

better than many others which preceded it, and the coil was

actually of less power than Qassiot*s twelve-mile coiL

THB CONDBNSBR.

It was the discovery of the action of the condenser upon

the secondary current by Fizeau that awakened attention
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and gave a new impulse to the use of thti iniluctioQ coil. In

1858. Kizeau, while investigating the pubjeot of induction,

found great annoyance from the irregular action of the pri-

mary current. Wheu the sparks of the circuit-breaker were

brilliant, the intensity of the secondary was diminished, and

when some obstruction occurred to diminish the sparks, the

secondary was increased. The irregular action arose from

the burning away of the points of contact by the pritntiry or

extra current. He sought, tberefurc, to diiiiiiii.sh or absorb

this ciirreut, by interposing a Leyden jar or a condenser.

By connecting the plates of the condenser with each side of

the interrupter or circuit-breaker, he found at once that the

sparks were diminished, while those of the secondary circuit

were doubled in length. (Comptes Bendus, vol. 36, p. 420,

1858.) He also suggested the convenience of placing the

condenser beneath the machine, and alluded to the effect of

a lon;jr fiue w.re in suppressing the exrra current. Ruhm-
korft' soon applied Fizeau's condenser to Lis cuils, and ex-

alted the intensity of the secondary so as to increase the

spark from |, or thereabouts, to a little over half an inch in

length. In the first part of this work, the order in which

the statement is made would lead to the inference that the

half'inch spark was obtained without the condenser. It is

here stated correctly. And here we have the solution of

our question. From the fact tliaL be was the first instru-

ment-maker to adopt the Fizeau condenser, his coil was con-

sidered the starting point, and the basis of all the splendid

improvements made by others since the year 1856. Although

kis coil was made in 1851, yet, notwithstanding the advan*

tages of the Fizeau condenser, we do not hear of any im-

provement of note in the power of the coils until the subject

was taken up by Mr. Ilearder, Mr. Ladd, and Mr. Bentley,

in England, and Mr. Ritchie in the United States. The im-

provements were so rapid during 1856 and 1857, that the

secondary spark was increased from ^ or | inch to fifteen

UIQliI^ed by Cjooole
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inches. Thia improvement was, as we have seen in Part I,

made by Mr. Bitchie, of the United States, in 1&57. We
haye also given there a detailed aooount of the various im-

provements, and the tinu.8 of making them. So far as we
can learn, it was not until tbis Iresh impulse was given to

the subject that liuhmkorft' commenced to make superior

ooils in Paris, since which, we believe, his coils have been

carried to a high degree of perfection, and the secondary cir-

cuits are now made of the immense length of 100,000 meters,

(upwards of sixty miles.) From the description of their

performance by Mr. Noad in his Inductorium, (page 43,) we
find but little increase of spark over the Kitohie coil made

for Mr. Gassiot in 1857. Tlie fbllowina- interesting state-

ment of Prof. MacCulloch, accompanying a communication

from Mr. Bitchie, to the Journal of the Franklin institute,

(vol. 78, page 58,) 1862, shows that Buhmkorfi' adopted Mr.

Bitohie*s mode of winding the coil, which we have already

described in Part I» and it is evident that it was the soarce

of his success. We shall allude to this again.

for tiM JouniBl of tiia Vnoklin Inatttuto.

On Electrical Machines. By E. S. Ritchie.

The electrical machine known the Kuhiiikurll luductiou Coil, resulted

from the reswaruhes and diHcoveries of Faradaj, Henry, De la Rive,

Fizeau, and otUera.

Mr. Rnhnikorll^ of Paite, wm ths flnt to oonatnMt tliii Instmmciit, lU-

lowing tta« arrangement of Faraday, annronxiding an eleetro-m«ga«t bj a

lialix of insulated copper irire, to whioh ho applied tiie aatomatlo intor-

rapter of De la Rive.

The important discorerj of tlie action of the condenser to the intorrapU

ef, hy which the inteusitj of the induced current is increased 80 as to

pass an interval, is duo to FiMan, and was immediatoly adopted by Rohm-
korff.

The limit which Ruinnkord' attained in his most powerful coils was to

throw the spark less than one inch.

Mr. Ueaider, in 1857, improred the apparatus by more oarefnUy insula-

ting the helices, and obtained sparks of three inches.

Daring the spring of 1857, 1 attempted the constrnction of the instni*

Bieat, following the general form adopted by Rnhukorff; but, bey<»id the
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narrow limit already attained, I found it impossible to make one wkidk

would not destroj itaelf by the diaobarge taking plaoe witbin the belix,

lietween the outer and Inner portions, which were neoeaaarily brought in

near prozimitj, depending alone upon inaolating media.

I saw that this was an insupfr.ible diffieultj unless a mode of conatruc-

tion eonld be d«vised by which the portions of the helix should be separa*

tod by a di!<tancB nearly equal to the tension of the ftlectricity intluced in

the wirt'. I wound a coil witli the ^^'.rata laid in couical form, eac-h course

beginning upon the bobbiu, and winding up a coup of 4')^' until the diame-

ter of the exterior was attained; thuu au iusulatiuu ot rubber vsaa over-

laid, and auotber coari^e wound in like manner, and so on : the experi-

ment proved snooessful. I then devired a mode of winding the wire in

planes perpendicular to the axis, alternately running from the inner to the

outer, and from the outer to the inner diameters of the helix, insulating

between the strata ; and, in July, 18ft7, instruments were made giving

sparks twelve inches in length.

Prof. Wm. B. Rogers, at the meeting of the firitish Asaooiation held in

Dublin, in 1857, staled the pewer of my coils, and soon afterwards I

received from John P. Oassiot, V. P. R. P.. and from Prof. Forbes ff the

TJnivpTHity of iuiinburgb, order? fur iu.-*trumeuts of twelve and nine inuhes,

whiuh were i^eut them the foilowiug spring.

Until July, 185i^, no iniitruments had been made by Ruhmkortt of

greater power than three or four inches in length of spark, when he

receiTed one of my c(^, which he dissected and copied, as will bo evi-

deuced by the following

Statemtnis hy Prof. MacCulhch.

1. In the siimmer of 1858, I ordered of Mr. RuhmkorlF one of his indac«

tion coils, similar to that for whicli the Academy had awarded him a pHxe.

In my letter, I stated thnt Mr. Ritchie professed himarlf ready to surpass

it whatever might be its power, and mentioned that he had made for

Columbia College a coil giving twelve inches t^parks, with a pile of four

carbon uells. In the reply of Mr. Haskell ^my Paris oorr«spoudeut) it waii

Stated that Rnhmkorff express«'d suzprise that this result had been

obtained f^om four cells only. He did not accept the challenge^ but agrt-ed

to makcdone of his best and moat powerftil coils with other misceUaneous

apparatus.

2. In May, 1859, having obtained nothing from Mr. BuhmkorfT, I yisit-

ed him in Paris, and urged the prompt execution of my order ; he consid-

ered my request that he should send to New York a machine to be sur-

passed by one of a competitor as an unfair proposition. To this I replied

that I would request Mr. Ritchie to sen<i t() Paris the most powerful coil

he oooid laake. With reference to my ord«»r for a large ovii, lie showed
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me the trreok of the onlj ono he had attempted to make, and informed mo
that it bad dentrojed itself bythe spark pa»Hhig through the coil, breaking

down the insnUtion, and he ira-i nnwilUng to make any bat bis ordi-

nary ooils, Cprtee 300 franosj wliioh, hofrever, witk other apparatus, he

agreed to farnUh promptly.

3. Suppo>iug that Ht. RnhmVorff would h» happy to compare the coil of

Ritchie with his own and that of Hearder, desiring to gratify him, and not

for an instant douV)tlii{2^ that he would accord to Ilitchie all that is peculiar

in his perpendicular systein of winding the perDndary bobbin, I presented

to Mr. Ruhmkorff, iu July, IHb'J, one ot Uitcliie's eoila giving sparks of

seren inches, which he dissected, for the purpose of examining its con-

iitruction.

4. ikbout the same time, I oideted from Mr. Ritchie t^e mo:tt powerful

coil he eonid make, and requested him to send it to Paris. This iostrn-

ment arrived in Septem1>er, bnt was in the hands of the Custom House

officers until November. When receive it was taken to Mr. Dnboseq's, who
politely offered me the requisite facilities for experimenting with it. It

was tried in the presence of Mr. Jacobl, of St. Petersburgli, and of MU. Foa-

oault, Lipajous, Nachet, and Duboscq. Afterwards it was exhibited pri-

vately to MM. .Jamin, S6nanmont, Verdet, Desains, Froment, Du Moiicel,

Baron Th^nard, Gavarr«t, and others, and publicly to the i-tiulf nt* of the

^icole de M6decine. By request of M. Jamin, it was also sbown to the gene-

ral commanding aiui st^veral of the profas^ors of tbe Polytechnic; school.

5. During the month of February, 18G0, I met M. Jamiu, who told me
that the Polytechnic school had fbr mors than two years urged M. Ruhm-
korff in vain to make for its cabinet a powerful coil ; that in the month of

March it would be necessary to cIom tue account ef expenditures for the

flseal yesr, and that unless Ruhmkorffshould then deliver the long-soUoi-

ted coil, the Polytechnic school would be |{lad to buy that of Mr. Ritchie.

In the month of Mirch, Mr. Ruhmkorff delivered to the Polytechuio school

the coil ordered from him.

6. in Way I saw the said coil at the Polytechnic school, and was informed

by M. .Jamin that the secondary bobbin is wound in portions perpendicu-

lar to its axis fRitchie's system ;) also, that it gave sparks of 33 to 40 cen-

timetres, ("13 to 1(5 inches,^ about the same as those of Mr. Ritchie'^ coil.

' 7. In June, Mr. Ruhmkorff showed me in action a coil just fluished by
him for M. Du Moncel, a duplicate of that of the Polytechnic school. The
sparks were of about the average length of those from the Ritchie coil.

Mr. Ruhmkorff gave me as the length of the sparles for both the coil of the

Polytechnic school and that of M. Du Moncel, 33 to 40 centimetres ; and
he stated that the secondary bobbin is divided (fractionnej perpendicular

to the ^*'ff- *••««*«**«
(Signed; R. S. MacCteuMW.

N»v York. Sei^tMBlwr SU, ItSOl

^ed by dooole
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Th6 French selentific joarnali immedtately noticed the instrunwnts made

by Mr. Eabmkorff, awarding to Mm the credit of all the iniproTemente

made. The Vte* Da Moucel, Qanot, and other French writers who have

published deacriptious of the it)stram*)»t, though fully conversant with the

facts, hai.'e caretully ignored them. Prof. MacCulloch wrote to Vte. Dii

Moucel to correct statements in the Cosmos which he oonaidered unjust to

me, but no notice was taken of his request.

I am iii'luoefi to make this statement ouly be -ausy my silence has been

coiiiiLrued into an admi:i:$ion that I had made claimtj \vhiuh I could not

snbetantiate.

Boston, December 15th 1S61.

Recurring lo the subje(.'t of the eondenser, mimy opinions

have been offered in explanation of the true nature of ita

action, but thus far it seems that no one has met with gen-

eral assent. Its author, Fizeau, offered a very simple ex-

planation, and one that has not yet been improved upon.

He says : As soon as the points of the interrupter are sepa-

rated, the two free electricities of the wire run into the plates

of the condenser," and are thus withdrawn from the extra

current.

Ferguson, in his recent work on Electricity, 1867, (page

189,) remarks as follows : The condenser of the coil ma-

chine has for its object the absorption or suppression of the

extra current, but the manner in which it effects this is not

yet properly explained. The prejudicial efi'ect of the extra

current on the induced current is easily understood, when

we bear in mind that it prolongs the cessation of the mag-

netism of the core, and of the current in the primary coil,

and thus impairing the suddenness of this change, reduces

the tension of the induced current. The opinions of Fizeau,

Faraday, and Poggendor£f, are giyen by Mr. Noad in his

Manual ofElectricity, (page 730.) 1857, with the remark that

** the function of the condenser is not clearly understood."

Id his luducturium, lie quotes the opinion of Mr, iicarder.

In the Lond. Ed, Mag. for November, 1857, (page 339,)

Prof. Callan advances also a peculiar theory, which we
will not DOW discuss. Whatever theories, howevisr, may
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have been advanced, all writers agree as to the effect, which

is, to arrest or prevent the full How of the extra current, or

the secondary current of the primary wire, and that as sooa

as the condenser is connected with the primary ciroait, the

brilliant sparks of the oircnit'breaker are at once diminished.

We have already shown the great power of the condenser,

in absorbing the free electricity of a galvanic battery, and it

is to be presumed this is the case, whether the poles of the

battery are connected with a long or abort wire. Indeed,

Masson and Breguet asserted that the condenser was more

readily charged when a long coil was interposed, the poles

of the battery in this case being disconnected. The manner

of connecting the condenser with the circuit—that is. on each

side of the circuit-breaker, does not admit of its being

charged even to a feeble, certainly uut an appreciable de-

gree. But the instant the circuit is opened, the condenser

is then in connection with the two poles of the battery, the

primary coil being included. It absorbs at once the free

electricity of the battery, and that of the secondary current

of the primary coil, which otherwise would have passed

through the heated atmosphere caused by the spark and

combustion or ignition of the rnetal of the circuit-breaker

at the point of separation. The duration and length of this

secondary spark depends upon the rale of subsidence in the

magnetic power of the core ; and as the flowing of the second-

ary prolongs the maguelifim, it is evident that the second*

ary must be suddenly arrested iu some way, in order to

allow a sudden relapse of the magnetic forces. Prot Page

has shown, as we have before noticed, that the secondary

spark or current was in certain instances prolonged to a

second or more, and that the spark itself passed througii eifjht

inches in air. (Sill's Journal, vol. 11, No. 33, page 191, 1851.)

Any device, thereibre, for the sudden and complete neu-

tralization of the magnetism, will increase the power of tha

smadaryy and this waa aooomplished by thedisoovery made
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by Prof. Page of the property of the bundle of iron wires

in place of the solid bar, and its application to the electro-

static coil. As we have before noticed, this discovery was

made by Mr. Bachhoffner, in Europe, a short time previous.

Now, the inductive energy of the magnetic forces is extend-

ed to the secondary circuit, as well as the primary, and the

secondary current of this circuil also reacts upon the niag-

lietic Ibrces, to retard their relapse, llence, if the secondary

circuit be closed—that is, the ends of its wire joined, ouiy a

slight spark will be obtained on breaicing the primary cir-

cuit, for prolongation of the magni^tism prevents any sudden

development in the primary wire of its electricity. This

action was beautifully illustrated by Prof. Page, with his

magneto-electric multiplier, in 1888, (Sill's Jour., vol. 34,

No. 2, page 372.) by causing the clo.sed vsecondury circuit to

prolong the magiietisiii ol' the core, m as cither to retard or

accelerate the motion of the revolving ai mature, according

to the relative position of the core and armature, at the time

the circuit was broken. It follows directly Irom this, that,

to obtain full and sudden reaction upon the secondary cir-

cuit, the sudden cessation or abatement of the magnetizing

power of the primary current demands our attention also.

It is true that th^j snme necessity would exist if the primary

circuit did not inclooe a magnet, though not to so great an

extent, lor the coil deports itself precisely like a magnet of

feeble power. The means of thus suddenly arresting the

secondary of the primary were discovered by Prof. Page,

in 1836, and its eftects noted in exalting the power or inten-

sity of the secondary current. They consisted in breaking

the circuit of the primary under a non-conducting liquid

over the surface of mercury or a solid conductor. (Sill's

Jour., vol. 81., page 140, and in several subsequent volumes,

as heretfifore mentioned.) Thus, the two cardinal principles,

upon which the great power of the secondary coils depends,

vi2 : the compound-magnet in place of the solid bar, and

^ed by CjOogie
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the sudden arrest of the primary current, were discovered

by Prof. Page, and were, together with other original im-

provemeots, embodied in an eleotrostatio ooil in the early

part of 1838, (see Fig. 2.) After the coil of Ruhmkorff was

made known, Poggendor^ in Germany, undertook, by a

series of experiments, to ascertain the operation of the

Fizeau condenser. To tlus end he removed the condenser,

and piuiiged the circuit-breaker, wliile working, into v?.rif)U9

liquids. He found that in a conducting liquid, such as acidu-

la^ 1 water, the secondary spark was very feeble. In a

perfect non-conductor, such as oil of turpentine, the sparks

were still feeble, as in the air, but, in a liquid of a low de-

gree of conducting power, such as pure water or alcohol,

the induction sparks were very strong, the same as with the

condenser.

He found alao, that by using a very long and fine wire

of great resistance in place of the condenser, it had the

effect of the condenser. With a secondary coil of 10,000

feet of fine wire, a resistance coil of 10.000 feet of the same

wire produced a marked e^ct. With a secondary of

10,000 jfeet, however, he found that 1,200 feet of wire ^ milli-

meter in diameter produced some, though leas effect. Also,

that by breaking the primary circuit in a vacuum of 3 to 4

millimeters, mercury jiressure.. the .secondary was increased.

In regard to the operation of the non-conducting liquids,

there was a very strange anomaly, via : that a poor con-

ductor should arrest the primary current, and that a real

non-conductor should not arrest it. The truth is, that

Poggendorff made some mistake in his experiments about

the action in the oil of turpentine. It will be remembered

tiiiii, according to the accounts we have given, Dr. Page

found that water, and even naptha, would increase the

secondary, but that oil, (good sperra oil,) was better than

either. We have found that oil of turpentine operates with

better tesulta than any liquid, tried, although we do not use

UIQliI^ed by Cjooole
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it often, because of its viscid nature, and its causing the

circuit-breaker to work irregularly, the turpentine becoming

adhesive, and occasionally preventing good contact; but

while it does work, tlie secondary sparks are more intense

tlian when any other liquid is used. It is probable that, in

PoggendorfTs experiment, the turpentine got between the

hammer and anvil of the circuit-breaker, and prevented

good battery contact. This is very likely, as he used the

McGauley circuit-breaker, adopted by Ruhmkorfif, which

had no means of adjustinoj tlie retractile force of the ham-

mer or pressure between the points ot contact, and hence,

if turpentine got between them, there was not force enough

to press it out, so as to allow the metals to come into good

contact. These experiments, made in 1854, were onlj cor-

roborative of Professor Page's discovery in 1866, of which

Poggendorff does not seem to have bccu aware. 01 course

it won! 1 have been impracticable to have 0})erated the

circuit-breaker in this way. Foucault, however, in 1856,

with a view to make this principle available, introduced a

mercurial circuit-breaker of the independent class, the

mercury being covered with pure water or alcohol. We
have before adverted to this circuit-breaker in its appropri-

ate place, and shown it to be identical in principle and ope-

ration with that of Professor Page's coil of 1886. See Fig.

2. There was such a remarkable coincidence in this case,

that even the mode of regulaling the retractile force of the

hammer by the sliding weight, a device entirely peculiar to

the Page circuit breaker, was adopted by Foucault. Thia

independent circuit-breaker, distinguished as the ** FoucauU

eireuit'-hreakerf^^ is now imported into this country with the

coils of Ruhmkorfi*. It is probable that neither Ruhmkorff,

Poggendorft' Foucault, nor any of the Kronch authors who
liave written on this .subjct^t, had any knowledge whatever

of the anticipation of these improvements, or any part of

the whole subject, by Professor Page. Nevertheless, tho
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entire ignorance in France of what had been so long pab>

]]shed in this country and England, is very extraordinary

in relation to this particnlar department of electricity, and

in no instance more so tliaii ui regard to the electroslatic

properties of the secondary current. Althoun^h the fact had

been known to almost every individual intereste<i in elec-

tricit}' who read the English language, (Mr. Noad seem^to

have been an exception,) that all the electrostatic properties

of the secondary circuit, viz : the shock, charging a Leyden

jar, diverging the gold leaves of the electroscope without a

condenser, and the projection of a spark before contact, had

been demonstrated nearly twenty years before, yet I)u Moncel

and Be.-querel, and others, taking the eue from them, an-

nounced, in 1856, that Masson and Breguet were the first to

observe analogies between, and, in fact, to establish the

identity of the secondary circuit and static electricity, while

at the same time they confessed that they could not produce

the least spark projected before contact. Although it was

commonly known in England and America, even thirteen

years before Ruhmkorff made his first coil, that electrical

sparks were given by the secondary coil, it was reirarded

as a novelty m France in 1851. Notwithstanding the in-

teresting fact published by Mr. Grassiot in 1841, which we
have before noticed—a fitct presnmed to have been known
to every observant electrician—^that, with a well insulated

secondary coil, ttoelve tnileB in length, he obtained strong

sparks in air, and sparks three-quarters of an inch in length

in the Hume of a spinL huiii;, the aiiiioaneemeut in France of

u spark by the coil of KuhtnkorlT*, which we think was not

more than one-eighth of an inch long, was there regarded as

anew discovery, and not the remotest allusion was ever

made to the fact of its having been produced elsewhere, al-

though, as late aa 1856, Da Moncel and Becquerel emphati*

oally state that Maason and Brequet, in 1842, failed to obtain a

•park in air—a failure which elicited the remark from Du
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Monoel that, although " their experiments jaslified the be*

lief that Voltaic electricity could be transformed into atatic

electricity, yet the question was not practically solved, and

the electrical machines were not yet dethroned."

The use of the condenser to increase the power of th*j

secondary should be regarded as original vviih Fizeaa.

Condensers had lonsj before been used to absorb the statiC'

electricity of the galvanic battery, and had also been used

with a primary coil alone, as in Masson and Breguet's ex-

periments, but DO notice bad been taken of its effect upon

the secondary current. Mr. Sturgeon (Sturg. Annals, vol.

1, page 80, 1836,) describes a condenser used with a mag-

neto-electric machine of Mr. liainey. The condenser was

precisely like those used with the coils of Ruhmkorll and

others. In reality, it was a true Kizeau condenser. ** It

consisted of three yards of varnished silk, coated on both

sides with tin foil, and rolled up with a ply of silk interven*

ing," "One of these coatings being connected with the

positive, and the other with the negative part of the ma*

chine, the silk became charged as decidedly as glass is b7
the common electric machine, but the intensity was very

low. The spark was much finer by this means than from

the coils alone." The meaning of this last remark is very

doubtful. Mr. Sturgeon had previously described a very

extensive condenser of his own, made of varnished Bristol

board cut into plates and coated with tin foil. This was for

use with a galvanic battery. In 1852 M. Sinsteden sug*

gested the use of a condenser with the secondary coil, and

not the primary. Several electricians have testified that

they used a condenser made of co[>pcr ribbons, wound into

a spiral, with Page s induction apparatus, as early as 1840,

and that its use was attended with marked eftects. The

affidavits of N. B. Chamberlain, Henry B. Chamberlain,

Moees Or. Farmer, Thomas Eall, and Prof. Wm. 0. Bichards,

attached to n meau)rial of Prof. Page before Gon|;resB, aU

8
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testify to this ase of tbe spiral ooodeDser at a very ^^Tly

period. They also state tbat its use was suggested by Prof.

Page. Of tbis very important fact we find no record what-

ever; and as tb»s is tbe kind of proof demanded by tbe rale

of credit which we have set up in this treatise, and which,

in fact, the scientific world would exnct in establishing tlie

origin of a discovery so interesting and valuable as this, we

most concede the merit of the condenser to Fizeau. The

single fiat spiral, especially if of great length, would operatd

to some extent as a condenser, upon tbe same principle as

the long fine wire used by Poggendorfif. as a snbstitute for the

condenser ; bnt the doable fiat spiral is a true condenser,

and this was made by Prof. Page as early as 1838. One

of these is describtid in Silliman's Journal, by him, in 184(3,

as having been made eight years before, of slieet zinc insu-

lated with rubber cloth. (Silliman's Journal, 2d series, vol.

11, No. 5, page 204.) We may mention incidentally here,

that we find in bis private notes a description of a double^

flat spiral of copper ribbon, in 18dS, but we do not find

anywhere any reference to its use as a condender, with the

primary coil to increase the intensity of the secondary.

There is one fact, however, stated b}^ Mr. N. B. Chamber-

lain which must be accepted, and which establishes tbe

merit of Prof. Page s induction coils, made prior to 1842.

He states that, with some of the Paf>e coils made prior to

1842, he obtained flashes of electricity through a vacuum

tube twelve or fifteen Inches in length. It may be remarked,

in this connection, that all of Prof. Page's experiments and

improvements prior to the middle of 1838, were made in

Busron and the neighboring city of Salem, and that the

Boston instruiuent-makers were, more than any oihers,

ikmiiiar with his manipulations. They knew from his des-

criptions, publications, and, above all, from the performance

of the instruments which they saw and made, that the elec-

trostatic powers of the induction coil had been fully proved
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and conclusively sliown by the Page coils, and were not

long in enlarging and improving those coils. They were

not posisessed then of those two- very eificient insulators,

viz: gutta percha, and vulcanite or hard rubber, by the use

of which, we do not now find it necessary to make large

ooilfi for the display of the eiectrO'Statioal pheuomeiia. We
have now miniature coils three inches long and one inch in

diameter, giving sparks, even without a condenser, of half

an inch, and lighting vacuum tubes three or four inches

long, and in fact more than double the intensity of liuhui-

korfif'ii first great coils.

TBB ROaiCKORVF COa.

On the 28d February, 18.32, the Emperor of France

oft'ered a prize of 50,000 francs, to be bestowed after five

yean*, to the author of the most, important discovery con-

cerning the applications of electricity, and a commission

composed of thirteen eminent men of science was appointed

to adjudge the award. In 1857 the Commission reported

that they had not found any discovery worthy of the prise,

and prayed that the time might be extended for five years

more. In 18^4 they reported in favor of the awar i to M.

Ruhmkuiir, Lue inventor of the "coil bearing his name."

The members of the Commission awarding this prize to

Ktthmkorff were as follows

:

Dumas—*membre de llnstitut—^President.

Pelouze,

Kegnanlt,

Rayer,

Serres,

Becquerel,

Le baron Ch. Dupin, "

Le baron Seguier, **
**

Le General Morin, " **

Le General Ti^bert, " '*

Henri Sainte Claire J>evilley

it ti

u a

it li

u u
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Koyaaud—inspecteur-general des ponts et chausses, chef

du service des phares.

Jamia—profesaeur de physiqae a la Faculte des Scieooes.

In view of all the facts of record laid before us in this

work, we are at loss to see how Ruhmkorff could have

come within the provisions of the oUcr of tlic prize, whicli

T7aa to be given to the " author of the most important dis-

covery," etc. We do not understand that the prize was to

be confined to France ; and as we have clearly shown, by

irrefragable records, that Kuhnikorff was not the originator

of any invention^ discovery, principle, or improvement

omnected with the induction coil bearing his name, it would

seem that the Commission took it for granted that the coil,

with all its beautiful developments, was entirely the work

of Ruhmkorfif, save and except, Fizeau's eondcnser and Fou-

cault's circuit-breaker, which were unavoidably known to

them and regarded as French inventions, and the circuit-

breaker, which was acknowledged to be the invention of

another, and called the Neef circuit-breaker. Proceeding

upon such an assumption, it would seem that no investiga-

tion was made as to what had been done outside of France,

in reference to the electrostatic coil. This supposition

seems to be supported by the fact that Becquerel, a dis-

tinguished electrician, who was a member ol the Commis-

sion, inTraited'Electricite et de Magnetisme—edition of 1856,

vol. 3, page 241—when about to describe the Buhmkorif

coil, says : '*It was Masson and Breguet who proved, beyond a

dottbt, the tension of the induced or secondary current by

their experiments made in 18-i2 *' but they did not obtain

a spark passing through a distance in air." ("Mais ils

n'obtinrent pas d'etiucelle eclatant a distance dans I'air.")

The inference is, that the spark was regarded as the dis-

covery of Eubmkor£ This defective link in the chain of

evidence, necessary to a full recognition of the identity of

the two forces, was presumed to have been supplied by him.
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for no allusion whatever is raade by French authors even

up to the time of the award in 1864, even to attempt to

obtain a spark by any one in Eoglaud or elsewhere. The
oversight is certainly remarkable, and savorss trongly of

favoritism* Bat our surprise does not stoj) here. The

statement of Professor MncCuUoch, which was published in

.January, lb62. in the Jourual of the Franklin Institute,

and whicii we Lave copied in full, .shows that the signal

improvement of Mr. Ritchie in winding the secondary wire

was brought to the attention, in November, 1869, of many
distinguished men of science in Paris, among whom was

Jamin, one of the members of the Commission awarding

the prize. It shows also, that in July, 1859, Bubmkorff

dissected one of Mr. Ititchie^s coils, and learning its con-

struction, afterwards adopted it as his ^wn—that is to say,

he made very powerful coils by the aid oL' this valuable

improvement, without giving credit to Mr. Ritchie for it,

and permitted them to pass to his own credit, by suppressing

the name of the rightful discoverer. The reader is referred

for further details to that statement of Professor Mao*

Oulloch, which is discreditable to Ruhmkorff, detracts

largely from the meritorious character of this award by the

Commission, and most decidedly from the magiiauiiiiity of

Jamin, one of its laembcrs, who was fully aware of the

.superior advantages gained by Ritchie's improvement, and

of tlie adoption of the same by liuhmkorti". It cannot be

denied that the improvement of winding the secondary coil

perpendicular to its axis was original with Mr. Ritchie, nor

can it be argued, seriously, that the improvement was but

the carrying out in cxleuso of Briglit's or Poggendorft''s plan

of dividing the whole coil into several sections, " each section

being wound in the usual way of winding the whole coil"

—

that is to say, winding the wire back and forth horizontally

or parallel to the axis of the coil.

It is sometimes difficult to draw a boundary line, and to
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saj precisely where an invention besfini and ends, where the

improvement is one of degree, iiini not of distinctive kind,

lu this case, there is no sucli (litlicnlty, and the suggestion

of PoggendoriV himself lixes the line of demarcation. He
proposed to make "several sections, each section to be

wound in the usual way of making ooila." Mr. Bitobie made

Beotiona, each section of which could not be wound in the

usual way of making coils. It is the introduction of a dis-

tinct principle of construction, necessitating very distinct

mechanical manipulation, and, if measured by the results ob-

tained at that time, there was just the dilVerence between

them, which was exhibited by a Ruhmkorll cod of " four

inches spark," and a Ritchie coil of " 13 to 16 inches spark."

This distinction is derived from the facts of the statement.

Mr. Ritchie states that " up to July, 1859, Ruhmkor£f had

made no coils of greater power, than three to four inches

sparks," and he evidently speaks understandingly, for by

Prof. MacCulIoch's statement, in May ISoU, Ruhmkorff de-

clined to make any coils except his ordinary coils, (price

300 francs ;) for, in his attempt to exceed these, the " coils de-

stroyed themselves" by rupturing the insulation, A year

before this time, as will be seen in the first part of this

work, Mr. Gassiot published an account of a coil received by
him from Mr. Ritchie, which gave 12^ inch sparks by actual

measurement, and would, he had no doubt, give 15 inches,

buL lie was afraid to force it. Gassiot, in describing this coil,

put the instr ument-Tnakers in Europe on the wrong track,

by stating that the coil was divided in sections, according to

PoggendorfTs suggestion. Ruhmkorff appropriately charac

terizes Ritchie's mode of winding the coils as/rac^umn^, and

we might call the other mode of large divisions as soctumni,

the difference between them being thus well expressed, and

as Mr. Ritchie adopted both modes in the isame coil, the

success of his instruments might have been attributed to the

sectional arrangement, which was apparent, while the frac-
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tionne secret required disseciion to reveal it, which operation

Kuhmkorfif performed on a Ritchie coil, presented to him in

July, 1859, by Prof, MacCuUoch. Finally, we regret to in-

clude Da Mk>ncel, whose authority we havre quoted 90 often,

among those who yielded to national prejudice in this matter.

In the preface of his work on the applications oi' electricity,

185(:5, lie starts with the following motto : I have sought

as tar as possible to be impartial, aod to render io CiVf^ar the

things ivliich beloufj to Cse^arJ^ From MacGulloch's state-

ment. Du Moncel was among the number to whom the

Hitchie improvement was exhibiteil in Paris, before Ruhm-
korff commenced his new era in coils, and if, as the statement

avers, he failed to do Mr. Ritchie justice, he too, is open to

the charge of favoritism, or at least iucoasisteiicy with hiJ*

pro:e.siions of irnj»artiality.

In concluaioUf we remark, that in our own dissection uf the

coil, we may have laid ourselves liable to the imputation of

partiality. If so, it is not because of the auppression of any

fact within our knowledge or reach that might inure to the

benefit of any contributor to this branch of electrical science.

Although the primal inducement to this investigation and

publication was the establislirncat of certain claims of its

auth'M' liiiiierto not only unrecognized, but actually ceded to

others, by a loose acceptance of historical evidences, and al-

though we have had much to say of the discoveries and in-

ventions of Prof. Page, still we have endeavored to make a

complete and impartial record of every fact having any im«

portant bearing upon the claims of others. We have

brought to light important claims of others hitherto unre-

cognized, have corrected some very important anachronisms

of authors, which have or might have been fruitful sources

of error, and subverted some titles of long standing, by in-

disputable records. We will advert only to one instance in

point. When we commenced this work, it was supposed in

this country that the hammer circuit-breaker was the inven-
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tion of Dr. Page, as it was completed by him in April. 1838,

and was on sale and adyertised some months before its de-

scription was published by Dr. Neef, to whoso credit it

passed in Europe. We have been compelled to acknowl-

edge priority in favor of Prof. McGauley, of Ireland, and

although his naiiu^ lias never been nieafi()n<'*l bvanv Knglisb

author in tlii.s conneclluu, we have (uuad tiiat iie was in our

advance more ihsm six moulhs, b^ a full desoription and

iliostratioQ of the invention, and, what is quite remarkable,

tbat as early as October, this invention was before the

London Electrical Society in actual operation, introduced by

Dr. Golding Bird, who stated that it was " not his own in-

vention," without giving the name of the originator. Its

origin has beeu iully explained under ti»e subject ui circuii-

breakers.

In concluding the first and second parts of this work, we
have specified the particulars in which Prof. Page had an-

ticipated all others by his discoveries snd inventions, in re-

lation to the subject of induction and the electrostatic coil.

From a review of the whole, we find

—

Firsl. That the first electrobtaiic coil was the invention of

Prof. Pa^e.

Second. That tlie principle upon which the present success

of the electrostatic coil depends, was first discovered and

applied by ProU Page. That principle being the sadden

arrest or prevention of the flow of the current in the primary

coil, the condenser of Fizeau being included under that prin-

ciple. And although the latter modification is more effec-

tual than the spark arrestinfe( circuit breaker uf Prof. Page,

still the Fuppreission of the primary or extra current is the

object alike of both.

Third, That, with the exception of the condenser of Fizeau,

the electrostatic coil is an American invention, and that the

so-called Ruhmkorff coil was commenced and perfected in

the United States. It was commenced and so far advanced
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by Prof. Page as to develop its elecirostatic properties, and

was consummated in the development of those properties to

an extent far exceeding anything known in Europe, by Ed-

ward S. Ritchie, of Boston, Massachusetts.

Fourth. In regard to the magneto-electric current, its

identificatioa with static electricity was first established by

Prof. Page. He also first indicated the way in which the

magneto-electric machine could be used to obtain the electric

light. (Sill's Journal, vol. 35, Ko. 2, page 262, November,

18S8.)

The thermo-electric spark was also first obtained by Prof.

Page, thus completing its identification with electricity from

other sources.

For reference to the numerous papers published by Prof.

Page on the subjects of Electricity and Magnetism, the

reader is referred to their synopsis iu Poggendorfi's Biog-

raphy and Literature of Men of Science*

CHAS. G. PAGE, M. D.

Late Prof. Chem. and Phar.,

KaLional Medical CoUege.

Washington, D. C, December 24, 1867.

The following is a list of the inventions of Prof. Page

figured in Davis' Manual of Magnetism. For some of these

credit is given in the 1847 edition, and for some omitted :

Fig. ed—Bevolving Coil.

Fig. 70—Pole Changer.

Fig. 115—Magnet iicvolving on its axis without mercu-

rial cunnections.

i^'ig. 118—llotury Axial Engine, (secured by patent in

1863.) No credit given.

Fig. 122, 128, 125—Axial Engines. (See remark in sec-

tion 294.)

9
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128—No credit given. (See Sill's Jouroal, vol. 35, page

261.)

140— Reciprocating Armature EiOgine.

142—Revolving Armature.

146—BavolviDg Magnot, oredited in edition of 1842.

163, 154—^Bevolying Wheels or Discs.

Bevolving Coil.

174—Magneto-Electric Machine.

179—Induction Coil Apparatus.

182—Medical Instrument.

ia3-«(Sce Sill's Journal, vol. 85, page 258.) Also edi-

tions of 1842, 1889, 1838.

179—Figured in 1842, with Page's Circuit-Breaker at-

tached.

0. G. P.



APPENDIX
TO

SECTION ON MAGNBTO-ELEOTRIO MACHINES.

One of the first fraits of the doable maohine was tbe

demonstratioa bj Prof. Page of tbe eonversion of mecbanioal

into electrio or magaetic force. Soon after the aonoaQoe-

ment, last year, of tbe magnificent results from Mr. Wilde's

new magneto electric machines, the question arose in

England as to who first prodiicerl, by the magneto-electric

machine, an electro-magnet exceeding in power the perma-

nent magnets used in the machine as the source of the

magnetizing current. This was first accomplished by Prof.

Page, in 1848. The peculiar machine is figured and partly

described in VaiPs work on the Blectro-Magnetic Telegraph,

1815, page 147; also in Silliinan's Journal, vol. 43, p. 3Uo
;

also in tlie report of the Commissi oner of Patents for 18i4,

The helix of this machine was not described in those works,

for reasons alleged, and was of a novel construction. It

was called the plate helix, being made up of a series of

copper discs, instead of wires, each disc being split, and one

of its split edges joined to the edge of the adjoining disc. It

would be represented in miniature by a very broad, flat,

thin screw thread. The helices were very large, and, when
inclosed in a cylinder of pasteboard, as shown in Vail's work,

for the purpose of avoiding the resistance from the air, thejr

presented the form of a drum nearly two feet in diameter.

The object, sought was to realize the maximum of quantity,

with a comparatively low intensity. The distinguishing
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feature of this machiae was its power to create an electro-

magnet aastaiaiDg a tho^tsand pounds, while the esciting

magnets sustained only about one hundred and twentj-fiTe

pounds. It required the full strength of a man to turn it

rapidly. It is to be regretted that the power of the per-

manent magnets was not mentioned at i lic liine; but, as the

machine and its electro niUL^net was presented, together with

a description, to the Smithsonian Institution, in 1852, and

occupied a prominent position in its cabinets until the recent

fire, by which it was destroyed, we will state here the fact

that the steel magnets weighed about sixty pounds eaoh, and

when first charged would each sustain its own weight, and

that the combined lifting power was not at any time more
than one hundred and thu Ly pounds. The description of

Wilde's maeliine before the Royal Society notices the Page

machine. The following is a copy of the letter of the tSec-

letary of the Smithsonian Institution

:

Smith-suman Institution, May, IS, 18o2.

Dr. Page—
Dear Sir; At the last meeting of the Board, held on

Saturday, ^^'^^y 1st, 1852, I was directed to return the thanks

of the Institution for your valuable donation of a magneto*

electrical machine, intended to produce a large quantity of

electricity of low intensity. The instrument will be care-

fully preserved as a part of the apparatus of the Institution,

I have the honor to be, very truly, your obedient servant,

JOSEPH KENRr, JSec'y £1. L
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