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Faraday s Earller Experlments in the Laws of Electromagnetlc

Inductlon (1831 1832)

. Thls Series of Experlments is centered in Faraday s drs—
ycovery -and elucrdatlon of the basic prlncrples involved in. what

' is now termed electromagnetro 1nductlon "

Sectlons 1 and 2 provrde a brief resume of the hlstorlcal

_fsettlng and Faraday s own. place in 1t

_ Sectlon 3a ”-are notes on the more srgnlflcant attempts to
iexplore the phenomena prror to Faraday s work. Two of these exp-—

-,;erlments can be Pperformed in the Laboratory

Sectlons 3b and 3¢ are notes on Faraday s experiments in the

erlo “1831 1832 These notes are to be read in conjunctlon with

,_,Faraday s”own account Experlmental Researches 1n Electr1c1tv, Vol

LI., pp' 1—75 (References are to the numbered paragraphs in this
: Tbook )_-' | o

ngDetalls of the experrments in Sectron 3 which can be reproduced

i1n the Laboratory are contalned 1n the Laboratory folders, (It

'should be possrble to make the experlments first, and then consult:

Faraday s account wrth the notes in. 3b 3c :as reguired!)

B

'i Sectlon 4 .contalns some brref qccounts of the Hﬂpfct qf

o Faraday s drscoverles

of contemporaneous dlscoverles_-,'

'7§by others and ﬁf 1nvest1gatlons which 1mmed1ately followed them.

Sectlon 5 Some assesment of Faraday s dlSCOVGIleS in the

o ' _.1 llght of later developments o ‘ ¢




The Historical Setting

There is a long historj to the'specuTations'ooncerning the

relationshlp between eleotrielty and magnetlsm. rom the earllest o

uncertaln times of their discovery both were revarded as. some- f

what maglcal "occult" 'properties' of particular types of sub- : o
,'stanoe e espe01ally amber, whlch gave us the ‘name relectricity, ;¥~?:J
and 1ode3cone ( magnetite ore ), Whlch was most commonly assoc1ated N
.with mavnetism. Both" phenomena were a55001ated with mysterlous

-fO;CeS ( at first attractlon, but later both attractlon and rep;

ulsion were observed), which acted w1thout v151ble contact between a

-\';n ‘bodies, and therefore seemed to dlfTer in. some fundamental way from .'

'real' forces assoclated with pushlng and pulllng, i. e., contact.

Tt was ratural enough then, that 51nce electrlcity'and magnetlsm S
o shared this mysterious feature ("actlon at a distance”) they should7:;
have been. suspected as sharlnc ‘some common orlgln.,  B

It was th”ough the remarkably sySLematlc - certalnlyyfor

C l-"-
- their day - ezoerlmental lnvestlgatlons of William Gllbert

Eo_(15%0 - 1603, ny31clan to Queen Elizabeth let) publlsned in his -.:
famous work Da hagnete (1600) that the essentlally different o
Tfnature of electrlc and magnetlc phenomena (—- or at 1east those
phenomena whzcr were known and studled in hlS day) was cleariy f:
. denonstrated. rrom this perlod on, for some 200 years, the 'sclences

~of electrlclty and magnetlsm developed, espe01ally in the elghteenth

;_;ja Century Db as totally dlfperent sclences.




Many inoogolusivé,‘ill—dooumented,-casual observations were

~ reported during this period, of evidence of some'GOnnection'between

'electrlclty and maenetlsm. blectrlcal lltereture contalned numerous :
references to llghtnine that had magnetised iron ‘and hed altered tbe L

E Dolerity of compass needles, In’ the 1ate 1700'5, Becca*la and van i Warum,of?

‘;___among others, had meenetlsed iron by sendlng electrostatic charwev(i e.,:

. ordinary electrlclty produced by frictional maohlnes) throuvh it. ;;

lifo-'These clalms were no doubt stlmulated by the award of orlzes, e, Sey

:‘:,H_by the Bevarlan.Academy in 177%, for the best answer to the questlon 1.fi

 'f,"Is there a real and phy51cal analooy between eleCLrlc and magnetlc ::.T_

; ‘foroes?” Though answers of both sorts were forthcoming, a o051t1ve

7 one would have seemed more llkely to succeed than a neaetlve one.

In any event, thoueh the problem was a recurrent one, no real progress

vas made in answerinw 1t _ N E e
The 51tuation chenced dramatlcally in: 1800 with the dlscovery

(inventlon?) by Alessandro Volta (17%5—182?) of the ”Voltaic“ plle

_(electro-chemlcal battery)3 Thls provided a cooious and continuous

source of electric1ty in a new form e uhe electrlc current' Wlthln ”
a few years, Voltaie- Diles of numerous forms and of rapldly 1ncreas- ;eo.
5 ine size, had been built and with them, numerous new or extended -
manifestations of electrlﬂlty had bzen explored. The older "ordlnary" ;;f_
(frictional) electr1c1ty had been a- somewhat 1soleted and ertic | |
) _branch of sc1ence, cult 1vated as much for its sensatlonel menlfesta-
- tions and entertalnment value as for 1ts 'phllosophlcel 1nterest t :
" But the new, voltaic electr1c1ty, as well as exhlbltlng some’ of the_

charecterlstlcs of tee earller form, revealed the 1nt1mete connectlons



with heat, light and chemlcal phenomena. For the ensuing two ox
g’ .

three decades, electricity became the foremost experimental

branch of natural phllOSOphy, and with the new experlmental

sy

resources on. comnand the seaxch for the connectron between :
electrrcrty and magnetlsm was resumed with more v1gor‘ Success

came, if not by acc1dent then at least in 51ngularly fortunate

and unlrkely c1rcumstances 1n 1820 to Hans Chrlst1an Oersted o

'(l7§§L1851), a relatlvely unknown Professor of Physrcs at

'Copenhagen Un1versrty

Thls time the dlscovery was unamblguous and decrslve Not
only was -the relatlonshlp between voltalc current and magnetlsm

establlshed but 1ts characterlstlc form was clearly dellneated

and the dlscovery was reported in a form that made its ready

‘vefification by others almost-absurdly easy., Within days, Oersted's_"

discovery was verlfled in the major SClentlflC centers of Europe--

- and OEISLed "woke up one day to find hlmself a famous man'“'Heat

light, chemlstry,-mechanlcal forces, ‘and now, magnetlsm (not to K

'mentlon phys1olog1cal effects and sensatlons) were all llnked

together; and electrlclty seemed to play the central role,
Follow1ng rapidly on Oersted's was the dlscovery by Thomas‘

Johann Seebeck (1770-1831) of a new thermal prlnclple by which

electricity could be generated 3 This provrded yet another _
exXample of a. relatlonshlp between two dlStlnCt phy51cal phenomena"-“'
heat and electrlclty.' But this was also more than just one more"
exarmple of an 1nterconnectlon between the Varlegated manlfestatlons
of "Nature s 1nnumerable worklngs "It was an example of a

rec1procal relatlonshlp Electr1c1ty produced heat; and given

the appropriate c1rcumstances, heat produced electr1c1ty. leewr

wiSe . the production of electr1c1ty in the voltalc cbll and the L

-'chemlcal decompOSltlon Qy_electr1c1ty‘1n;the'eiectrolytrclcell;



or the production of electricity by mechanical force -~ in the

friction machine, and the forces exhibited hy electrified bodies

‘on one another -- had been explored for example by Coulomb,

The discovery and formulation of the great general prrncrples

governlng these 1nter—relatlons - the conversron of one form

.of energy lnto another as we would say today -- were yet several

decades away but 1n the early 1800 5, _and the period from 1820

"~ on espec1ally, ‘the general bellef in the ex1stence of such rel—

ations was clearly w1despread and compelling, To many at that tlme

there was also the belief that these relatlonShlps must be, 1n some

way or another recmprocal

- The dlscovery of how' magnetlsm could be generated hy

‘electr1c1ty provrded strong ‘and 1mmed1ate stlmulus to seek the
.aonverse: the productlon of electrlclty by magnetlsm The con—'
‘v1ctlon that such . a relatlon existed was, no - doubt strengthened-

'cfby the experlments and conjecture of Andre Marle Ampere (1775—

1836), & who lmmedlately extended and generallsed Oersted £

flndlngs to lnclude the assertlon that all magnetlc phenomena

were essentially electrlcal in orlgln, i.e., not srmply that

B electrrcrty and magnetlsm were related but that magnetlsm was

electr1c1ty The prec1se nature of the electrlc currents

'?(for ordlnary magnetlc materials, Ampere plctureé them as 1ntra~

‘melecular) was of course, then purely a matter of speculatlon

even if this grand hypothesrs were to prove correct But from

'fthls v1ewpolnt there was every reason to expect that electrlclty'_
,1n one body -~ 1n “the form of magnetlsm - should 'induce"

-electr1c1ty in another.

Agustln Fresnel (1788 -1827), (a contemporary of Ampere =

, who is famous chiefly for his contrlbutlons to optlcs) had

L oyersrmpl;fled the case by quickly suggestlng, i 1820, "that*"



since a steady (yoltaic_electric) current produced steady

magnetic effects the converse affect would be detected by

merely plaClng a magnet in the nelghborhood of a w;re'—— and

1ooklng for the -presence of a steady current, He argued further,;,

- with irrefutable logic (The French 'School' of physrcs of thls

,perlod was nothlng if not loglcal), that - "thlS converse effect

though it mlght be forthcomlng, does not necessarlly exist," 7
A few months after Fresnel s suggestlon, Ampere hlmself

did set up a very carefully de51gned sensrtlve apparatus to

test this conjecture and the experlment was improved and

repeated with a young Sw1ss collaborator, Auguste de la Rive (1801—.

'1873) on several occa51ons in the few years followrng. It is

clear in retrospect, as it was all too clear ten years later to
Ampere and de la Rlve that the pparatus they had employed was'
qulte adequate to observe the effect they sought° 1ndeed the

effect was in fact produced but not unfortunately,_correctly

or. unambiguously recognlzed Ampere appears to have been at the

tlme wholly preoccupled with. his bellef 1n the identity of

‘magnetlsm -and electricity, and his approach to experlment was to_'

seek in it a conflrmatlon of hls pre—concelved 1deas Insofar'

‘as these and many of Ampere s other experiments, dld juSt thls,

or appeared to Ampere to do 80; and since furthermore his theorles
had not 1n any spec1f1c way told him how electrlc currents could g
be generated by magnets 1t 1s not surpr151ng that Ampere dld |
not notlce, still less correctly lnterpret an experlmental |
phenomenon he did’ not ‘anticipate. ' _'__ ' e

These experiments with de la Rlve were not the only op—?
portunlty by which Ampere was brought facemto face with the .

actual phenomenon of "induced" electr1c1ty, but failed to

_percelve its full or preCLSe lmpllcatlons One of Ampere s




i%!?? . colleagues in Paris was Domrnlque Francols Jean Arago (1786—
e '1853) a dlSLlHQUlShed astronomer and scientist —-,malnly in

optics. A?ago had learnt from a French 1nstrument'maker
.~ ({H.P. Gambey) that the oscrllatrons of compass—needles were 7
| markedly damped when they were placed above a sheet of copper._.

Arago in 1824 persued thlS matter and observed that contlnuous:"

rotatlon of the copper sheet caused the- needle to turn 1n the
same dlrectlon At suff1c1ently high speeds the needle rotated
contlnuously In London, J.F.W. Herschel and Babbage confrrmed _
- this observatlon and also demonstrated the reverse: rotation of'
Va magnet could induce rotatlons in a prOted copper dlsc
Vague speculatlve notlone' such as'"magnetlsm of rotatlon" .
were stlmulated by these mysterlons effects; Arago hlmself dld
" not subscrlbe to these extravagances he restrlcted hlS com~

munlcatlons to a descrlptlon of the observatlons Two years

later (1826) Arago sought the assrstance of Ampere {and the- use.”

of the more substantlal equlpment at the College de . France)

t@ -extend the experrment to- test whether a. "solenord magnet“'f
would behave 1n the same way as an ordlnary magnet, After some
mlshaps this demonstratlon was successful To Ampere this
_success was yet: another conflrmatlon of his theory . the equlv--?: o
- alence. of magnetlsm and electrlcal currents He was not apparently,_'
‘rprompted to examlne why elther magnets or solenords should
" behave . in this mysterlous way (Reference 7, pgs 193/196)
Qurte apart from Ampere 8 experlments and observatlons, andh
- the llmltatlons whlch his whole attitude’ 1mposed on them,_the
) idea of electrlc and magnetic effects in one body 1nduc1ng _
_-correspondlng effects in another 'was a- qurte fam1llar prevalllng |
concept, Thus an ordlnary electrified body (of the 18th century r}
variety) was well known to be capable or"inducingt,electricity,":

]
3 ) .
%grj- .~ in a neighboring unelectrified one. The general circumstances in .




“which thisAcould be done were well known'and understood - Like-

'WLSe a magnetlc body -- a lodestone for example - could 1nduce

Wagnetlsm in a neighboring unmagnetlsed piece of 1ron And after_
Oersted s dlscovery -- and lrrespectlve of Arpere s theory, 7
- experiment demonstrated that (Voltalc) electricity could, inter .
'alla, magnetlse a plece of 1ron ‘The 1mpllcatlons seemed 1nescap-
able- Electricity "1nduces" electrrcrty, magnetlsm "'nduces
ragnetism; electricity "induces" magnetlsm- surely, in some wayg
.magnetlsm must induce electrrcrty But how? _ ' : |
Loglc as Anpere and collegues clearly perceiVed 'dia nct‘a'
“demand that still less did it suggest how electrrcrty could bef:‘
produced by magnetlsm "With much deeper understandlng into the
.relatlonshlp between the "molecular currents" tha® Ampare had -
'w1th remarkable_1n51ght,_conjectured,(and the Voltalc*currents;es”
"which it was:sought'to induce) anlinspired prediction might have5
| been forthcomlng But in retrospect it was not hard to see how

; was
.:greatAthe gap between Ampere's very general conjecture and the.

subtle realltles of the relatlonshlp between magnetism angd -
'electrlc currents and how unllkely was a leap of the 1mag1natlon;;
'w1thout some powerful thrust from real experlment to bridge the:
' great gap between the conjecture of somethlng ex1stlng and the
”_nature of its reallty ' P - o e
The stage was clearly set, - We' know now that the goal was no
-mlrage The object was properly 1dent1f1ed evan 1f not clearly |
defined. The “theoretlcal"'concepts of the time. may have been
1nadequate for this, but ‘the experlmental technlques were more;if -
than adequate " The climax, surely, could not 1ong be delayed When'

it came' in 1831 ~ there could hardly have been anyone more fltted to

play the 1ead1ng role than Mlchael Faradav (1791 1867)




Faraday _ - ' —2=
# . . : y , R
~ One can, without any outright violation'of historical actuality,-

 present the hlstory of eleotromagnetlsm in terms of the sequence

- of exPerlmental searches and dlscoverles the evolutlon of concepts

and theorles and the ultlmate olscovery and fornulatlon of gen—

. eral laws, all w1thout any expllclt reference to the 1nd1v1dual

~ is the hallmark of each personallty In the course of time —-3

personalltles - thelr characters, accompllshments or backgrounds
But the hlstory of the laws of electromagnetlc lnductlon without

Faraday would be hard to conceive, Not only were the contributlons.

which the leadlng figures -- Ampeére and Faraday espec1ally - so

‘strongly determlned by v and limited by 3 the experlence and

background and style whlch each’ brought to thelr researches- not

only was the mode of 1nvest1gatlon and the success attalned so

“strongly a reflectlon of each 1nd1v1duallty, but stamped clearly

on the actual formulatlon of the discovered pr1nc1ples and laws ,f

often a very long tlme - the sharply personal characters become'

‘gradtally smoothed away the laws and theories become more abstract

Reiv

and austere and only falnt traces of orlgln if any at all 'can'be L

‘discerned in their final "object1v1ty " But lt 1s of course, just

" this lapse o£ tlme whlch permits us to look back and dlscover now,'

. just how much is personallty and how much objectlve reallty. DR

Ine Faraday s own tlme, Faraday and Electromagnetlsm must have

" been v1rtually 1nseparable even today 1t takes some effort to.

separate them. S : R .;-. S .? &;;;;"
It would be absurd to- attempt any blographlcal account of’ o

Faraday or hlS work here. He has been wrdely -~ and not S1mply

on the baSlS of his accompllshments - acclalmed as "the greatest




'ekperimental philosOpher;.of.all time." E. Whittaker_concludes

the chapter Qn“Faraday" in hisg history-of Ele_ctr_icity8 with this

trlbute'

"Amongst experlmental phllosophers Faraday holds by unlversal

: consent the foremost place The memorrs ln which hls dlscoverles

are enshrined wrll never cease to be read with admiration and

'dellght and future generatlons will preserve wrth an affectlon

not less endurlng the personal records -and famlllar letters whlch '

recall the memory of hlS humble and unselflsh Splrlt

P : :
Before we nUturn to these memorrs ; to see just how Earaday

: succeesrully resolved the problem of the productlon of electrrcrty

'-by magnetism, some bare facts about Faraday must be recalled

Flrstly, Faraday had no formal educatlon or tralnlng in scrence '
Untrl the age of 20, he served as an apprentlce to a éookblnder,

and. gleaned some’ knowlededge of physrcs .and chemlstry only by '

_explortlng the opportunltles whlch fortultously came his. way

".When he was nearly 22 years old, (1n 1813) he applled for and was

accepted as,_laboratory a551stant to Sir Humphrev Davy,( 1778 1829)

Diréctor of the Royal Instltutlon in London, and a leadlnq natural

_ Dhllosopher! of hlS day (today e would be regarded prlmarlly as a

'-cheulst ) Faraday served in this capacrty as assrstant for several

' jears but already in 1816 he made hls flrst contrlbutlon to_._” '
~sc1ence whlch appeared in his own name . He contlnued to work as
Davy's: a531stant ‘but also ‘to experlment and publlsh small researches_7il

'ef ‘his own ~- mostly of a chemlcal nature. But the problems of

Do espeejafly ' ,
electr1c1ty and chemlstry were, £ in thls perlod lneluctably

l1nked together in Davy s studies’ of galvanlsm and electro chemlstrv

Faraday therefore became. thoroughly conversant with the CUTﬂZmPoragf i"

problemsof electrlclty, and in 1821, he publlshed 1n the "Annals‘
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of Philosophy® a "History ‘of the Progress:of_Electromagnetism."_In

‘the same yeag, he demonstrated experimentally, for the first time,

how an'electric current with a magnet could be made to.produce

continuous rotations. This was a challenge that, after Oersted s '

discovery, had engaged the attention of many of the electrlcal
it

'_exnerlnenters of the day‘{In 1823, followrng up a suggestlon of

his master - Davy, Faraday llqulfled chlorlne and then extended thlS

-work, and showed that many other gases hltherto conSLdered as’

permanent, could be ‘liguified by the appllcatlon of pressure

. Between 1823 and 1830 ‘he contlnued his chemical lnvestlgatlons nw@

‘ wh1ch 1ncluded -the dlscovery of several 1mportant new chemical

compounds and also became deeply rnvolved in a technlcal problem

.771mnrovement in the manufacture of glass for- optlcal purposes. He

“also explored experlmentall of course, a roblemsln mechanlcal:
-LY ¢ 3 P _ : ;

vibrations and sound
From hlS apprentlceshlp and assoc1at10n w1th Humphrey Davy,_ E

and from hls own work in the Royal Instltutlon, Faraday had by e

'_ this time become familiar with a wrde range of contemporary

- science, Years of 1nten51ve experlmentatlon had endowed him with .

great skill and experience, Hls whole llfe s work dem;onstrates .

how much he was‘gﬁuncd_ to the SClentlflC spirit of hls tlmes-f-f

the search for hldden relatlonshlps in the 1nf1n1te varlety of

”_natural phenomena, the faith ln&power of experlment to probe'

‘Nature and bring to llght ltS 'Laws . ' He not only shared this

. splrwt of the tlmes ~~ he helped to create 1t 1ndeed he person_s DR
-'lfled it. Though less COncerned perhaps, than his master Davy

'Wlth the practlcal fruits of sc1ent1f1c dlscovery, (he referred

to himself as one of the phllosophers ), he had clearly 1mb1bed

,Davv 8 doctrine of the power of experlmentatlon

"To lnterrogate Nature with. power not_slmplyfas'a_scholars




il

'rba551ve and seeklng to understand her operatlons "but rather as

a master, active Wlth his own instruments.

In 18%?§ Davy died and Faraday succeeded him as Dlrector

of the Royal Institution, His scientific’ accompllshments were

already considerable and his reputation well-established. He

- was at an age when many would consider their major work to be

compleced But as we now know Faraday was then just at the
keginning of a great SClentlflC career John Tyndall who jolned

Faraday at the Royal Instltutlon in 1851 and ‘later succeeded
hlm "gives this plcture of Faraday at the tlnelo;'
' “In 1831 we have him at the cllmax of his 1ntellectual
strength, forty vears of age, stored with knowledge
‘and full of original power. Through reading, lecturing.
~ and experimenting, he had become thoroughly familiar _
Cwith. e¢lectrical science: he saw where light was needed -
. and expansion possible. The phenomenon of ordinary

glectric induction belonged, as it were, to the alpha— o

bet of his knowledge: he knew that under ordinary
circumstances the presence of an electrified body was
sufficient to excite, by induction, an unelectrified
body, He knew that the wire which carried an electrlc
current was an electrified body, and still: that all
- attempts had failed- to make 1t excrte 1n ~other wires -
a state similar to its own.
What was the reason of thls fallure? Faraday coulCL

never worK from the experiments of others, ‘however clear-

'-ly described. He knew well that from every experlment

- issued a Xind of radiation, luminous in dlfferent.degreeSJVny"”'

‘to different minds, and he hardly trusted himself to. o
‘reason upon an'experiment that he had not seen. In the.
~autumn of 1831 he began to repeat the: ‘experiments with
- electric currents, which, up to that tlme had produced
- no positive result .

N
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0 e 3(a) (i)  *he ampére - de la Rive Experinent

The simplest notlon regardlng lnduced' elect1101ty is that
= Vo?talc current in one conductor w1ll "induce’ a_s1mllarg
current in another conductor close by ' Ampere's afraﬁgement-
was intended as a sensitive test of this p0551b111ty It was

”concelved very soon after Oersted s dlscovery, and, as a part.of'
Ampera's series of lnvestlgatlons of electrodynamlcs ' At thls |
“time Lhe development of formalised 1nstruments for 'detecting.
Voltalc currents had hardly begun None of the now famlllar'
compenents of an electrical. ‘circuit! sources of e.m.,f.
connGCtlng wires .sw1tches,'solenoids' meters etc,, were, as'

- _ vet conceived of as functlonally distinct units w1th formally
deslned proPertles Consequently it 1s no surprlse to flnd

Ampere\s de81gnlng hls apparatus essentlally de novo S0 as to

integrate many of thelr functlons The Voltaic battery-ls the :

only - standard'_plece of equlpment.

Ficuse I The app*rams wuh wluch AITJ.PL re and De la Rive dunly fon.saw the presence of
an indeced current i 1823, ABCDEF——the loop of the primary circuit; M—a glass-tube -
through which passes 4 fine ¢hread, suspeinding the copper ring GHI that forms the secondary -
clzenit;pk, gri—supports, for an iron horse-shoe magnet (not shown in the diagram) ta produs:c .
a cons;&nj,.n‘awm.tlc' ficld inside which the 5Lcondar) circuit GHL wdl tura at the moment e

3 ~when the induced ewrrent ﬂows SR

-

o [Dmﬂ‘ra/m o /’ 15'-_)
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The outer heavr conductarﬂp'takes the current from the battery

The llght dehcahiy //suepended conductor 3 should move under

" the 1nflueng§ of the (permanent) magnet, cT if a current flows in 1t.

Precautiong: (i) If 1 contalns some magnetlc materlal thlS could

_Cause spurlous motlon

(1i) Switching on the large current 1n:3 might cause
' mechanlcal motlons :

Examineja for ‘steady' deflections due to steady currents in a.

"I'o do this, current 1n$ must be turned on and off If trans.tent

phenomena are observed, thelr dlrectlons muet be descrlbed 1n

srgnlflcant and unamblguous manner. _
(Whether or not Ampere and de la Rive observed and correctly

recorded a 51gn1f1cant p031t1ve effect is none £60 clear.:

They certalnly did not thoroughly explore the phenomena, g
edequately descrlbe them ox reallze their proper -~ and

1mmensewsrgn1f1cance ~See S. Ross, Ref (7), pPg. 210 et eeq.)

/

F Megnet (w Jaéw;j m.r " ;sme,,f; Pk @
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... Just1ﬁcat10n of those Who beheve iu Hlm Thoucrh the.
.'-;; - Eror-es. fear of death be a great thought, the h0pe of eterml
' © life is a far. greater. Much more is the phrase
“the ‘apostle uses in such comparisons. Though sin
‘hath reigned unto death, much more is the’ hope of .
‘_ * eternal hfe through Jesus Christ. Though we may
. Well fear for ourselves and our falth much more may
“we trust i’ Fim who is faithful ; and . though we have *
“the treasure in carthen vesseld,’ and so are surrounded
o by the infirmities of the flesh with all. the accompany-
- ing hes1tf1t1on——temptat10ns and the attacks of the -
- adversary—yet it is that the excellency of the power.
" of God may be with us, :
*_“What a long, grave wording 1 have ﬂwen yous ‘but
I do not think you will- be angry with-me. It cannot
make yeli sad, the troubles are but for a moment ; there
iz a far more exeeedmg and eternal weight of glory for:
- them who, through Go&i@s power, look not at the things
- which are seen, but at’ithe things which are not seen.
"~ For we are utterly insufficient .for these things, but the
* sufficiency is of God, and that makes it fit for His -
“people—His strength perfect in their weakness. |
© " “Yousee I chat now and then with you as if my
: thounhts were Tunning openly before us on the paper,
and so it is. My worldly faculties are slipping away
day by day Happy is it for all of us that the true good

lies not in them. As they ebb, may they leave us as o

- Iittle children trusting in the Father of mercies and :
acceptmrr His unspeakable gift. - '

:* T must conclude, for I cannot otherwise get out of
thls strain ; ‘but not without love to Constance, and
kmdest remembrances to Mr. Deacon. : :

‘Ever your, aﬂ'ectlonate uncle
R ‘M FARAD&Y
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It may be replaced by a brass dlsc
at the time,

effects of dlfferent speeds of rotatlon;of startlng and stopplng,

Faraday, referrlng to Arago's earller work

or spurlous 1nterpretatlon (See- Faraﬂay, Ref. (9)J Vol Iﬁ@ﬁ‘Bl- =

13a

Arago's Experiment

#

.The apparatus is simple, 'Self—contaised and its oPeratlon _
stralghtforward ‘The copper dlsc can be rotated at varlous sPeeds
(Brass is, as was well known
a much poorer conductor of electrrcrty than copper )
One should . explore dlfferent locatlons of the compass needle;

the significance -- 1f any -- of the. earth s magnetlsm ( the [oavL

'magnetlc meridian should be 1ocated), different conduct1v1t1esﬂh:

How can the 51gnlf1cant observatlons be summar1sed7'

is- skeptlcal about

some of. the observatlons, but commends Arago for restralnt and

for not becloudlng the-lssues by attemptlng some ill- formulated

139, and Ref. (7) pg 194) .
- oo g o Magnet oo e AR
- ....tﬂppgr_ dijc L . SRR _..“ S . oo
e Ll Driving wheel gg
. i m!_s.ﬁ\r - £ ververcerini S

T

Fariirird

Frocas 2. The Ango rotutzon—expv.r;ment dtsclosed 7 March 1835, by whlch a magnenc. <
ticedle is madeco drag after a revolving copper disc. (From B. Dibner, Faraday a’rsdoses : : _
afcr.'m-mag:mnc rfrduclmn Bumdy L1brary, 194.9) IR RENARE LR
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3 (b)) Faraday'— First Series, November 1831 (for further practlcal

‘ details, consalt laboratory notes) ] -
= To be read ’Av C‘O’t/"/ﬁé'm vt F:;Em 347J [x/bewmewf“w{ Pa:acméz.sm E'/t'cfncuf; lod. _Z'_-__
o _Sewe.s 7. _g‘_gé__ ;37 .

1. See: Faraday §§% 6-12 (Vol. 1)
Notlce how the closest proximity of the two COllS is attalned
:Tn accord w1th the prevalent ideas of lnduoed'ueffects.‘-'
2. Faraday.§§ 13-17 anzﬂgewwus | _
Faraday 1s here u51ng aAtechnlque employed earller by
Davy, in an experiment to vefify that the ordlnary electrlo dls—u
charce - of very short duratlon - produced magnetlc effects smm—'ﬁ
'1Tar to those observed by Oersted et. al. w1th Voltalc electr1c1ty
A dlscharge of short duration may not be suffrcrent to overcome .
: the inertiaz of a magnetlc needle, but the magnetlc fluld" may’ be”;w

more . readlly resoon51ve on account - of its much smaller 1nert1a

(a perceptlve and rather typlcal conjecture of the tlme)

In (1) and (2} there are no. mechanlcal motions.. : only the,electrl—;f'

i broductd S
crty-changes Now actual motlon'ls ;nééeed as a dlfferent means L

~of produc1ng a dhange 1n(the magnetlc) environment. But Faraday S

is Stlll lnvestlgatlng the effect of one current on another

3, Faraday $p. 18-21 | __ . SR
~ ‘That the 'induced" effects are ot 1nh1b1ted or. enhanced byt.-
- a- prlor standlng current may seem obV1ous now, but this- experlmental'~
verlflcatlon is typlcal of Faraday E thoroughness ' _ '
_ §§ 22-26 show.a very clear apprec1atlon of the'
problems of worklng w1th ordlnary electrlclty o =
T =  Pb. 26 since all the experiments -- so far --
| refer to one current acting on another Faraday ehooses a term ; .
"Volta1c~electr1c lnductlon" whlch presumes no more than has been
@%_?.r obserﬁed" | ' .
| £

¥ %} _. -ﬂ.f% .fﬁro V‘j‘\ou{”ﬁ ?dm Ya. H h:ulrh'bw z,. Fﬁmafa-yk @f.ﬁ’&‘f’drrég‘:{
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fuand magnetlc-lnduced currents __y dlfferent terms(ﬁ@ 591

15

4, Faraday @@ 27~ 35 Returnlng to the effects of varylng
currents oniy, the effect of magnetlc materials is denonstrated

Notice also the careful check, as 1n‘§§ 18-21,

oo Faraday g@ '36-41. Here ‘the egulvalence of"ordlnary e

and “electro" - magnets(w1th or w1thout 1ron) is demonstrated

6., Faraday @@ 44-59. Explores dlfferent and more power ful . means_:

of changing the magnetlc state near'the conductor in Whlch 1nduced

_jeffects are observed.

R Notlce the’ flnal conflrmatlon of Ampere s hypothe51s

(§§'58'. Five or ten years earlier (also 5% . 3}, when the exper-j'

- imental evidence was- relatlvely meagre Faraday had been cautlous—"ﬁ

iy skeptlcal of Ampeére's hypothe51s '%d% he stlll retalns some

=degree of caution: he dlstlngulshes electrlc current — lnduced

| In. ?? 60-80, Faraday proposes not so much a |

theory as a mode of regarding the nature. of the lnduced effects

'Because the' 1nduced effects are tran51ents he suggests that

'-they are associated with a change of state of the wire, Turnlng

on the (prlmary) current lnduces ( in the secondary conductor)

a new state "the electro-tonlc state." When the prlmary current

'_1s turned off, the secondary relapses to 1ts former,_normal

state, and in changlng, exhibits the transrent current. One can

'detect here the 1m911C1t analogy to ordlnary (electrostatlc)

induction: but Faraday, appeallng as always to experlment (§§ 63)

'shows that as far as he can detect there is nothlng in the way

of ordinary electric 1nductlon in this case.

Although Faraday later abandons thls ‘concept of the “electro-'-"

~ tonic state“' ‘the dlscu351on in these sectlons (@@ 60~ 80) shows
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- Faraday's remarkable 1ntu1tlon for what is 51gn1f1cant He
) _ seemed able - as one of his. contemporarles {(Weber) out 1t -

.“to smell the truth,

7. Faraday 8. 83-96

All the experiments'so far havesinnolved "permanent""
circuits; whether statlonary or not, Now Faradav turns 1maglnat—
ively to a new type of arrangement 1nvolv1ng moveable - (slldlng)
-electrlc contacts He here demonstrates the same powerfully
ereative 1mag1natlon as he had shown earlrer (1821) 1n dev1s1ng

;la contlnuous“ electro-magnetlc motlon (The aranype of all
electrlc motors ) He ls now - about to produce the flrst contlnuous-
electro—magnetlc generator of electrlc current-— ‘the- archtype of

":“'ﬂ all electrlc dynamos (c.f §§ 124) He is also —-'step-by—step,--

' preparlng the way to give a deflnltlve explanatlon of the

mysterlous Arago effect _ . o R
Notice, %ﬁ 87, (in contrast to Ampere flve or ten years
eariler) a formallsed 1nstrument now ex1sts for detectlng and
.measurrng (at 1east in a relatlve sense) Voltalc (or Galvanlc -
- the two terms were often used 1nterchangeably) currents--a &;
galvonometer"! The form used by Faraday was in.common use For -
nseveral decades It is based on the magnlfylng prlnclple of a ,n}
c011—of—many turns -—~ - as compared w1th a s1ngle turn' the_. '
multlpllcator" invented (yes a c011 ‘and hEllX were 1nvented =
1n the 1820 s). by Schwelgger.;l The partlcular arrangement of
pairs: of magnetlc needles was first’ proposed by Nobllll2 and 1sr
~ - _known as a. (partlally) astatlc“ arrangement Notice agaln the

extraordlnary thoroughness w1th whlch Faraday explores all types

- the essentlal,features.

s of varlatlon in order to pin down' the essentlal but no more thao S



The'gature of"magneto—electrld'or galvano- electrlc (or
to contain both in a single term: electromagnetlc) 1nductlon is
obviously now clear to Faraday. But the grand momentum of all. _
this experimenting is ‘not easily arrested: still further 1nterest—:

ing checks and demonstratlons are- made (§§ 100-113) .

Finally, - %% 114 The general pr1nc1ple (not a theory) is
formulated which- ‘not- only. summarlses all the observatlons made
by Faraday hlmself but, properly used, is powerful and deflnlte
enough to resolve the Arago mystery @? 119 139) |

What a remarkable seguence of experlnents Step by step,_

Earaday proceeds remorselessly -- as if he knows the exact -
destination. But not a step is missed, and there is hardly a

i }- '. false one: it is as if he is not content to reach hls cllmatlc

dlscovery, but to demonstrate that by followrng the 1og1c of

'expg;;ment arrival at thls destlnatlon is 1nev1table What
matter-that, as Faraday himself confesses (@? 5) the experief

- ments were not ordered prec1sely "as they were: obtalned but in.
-such a manner as to give the most concise vrew of the whole

i;-"_t However obtalned the 1nexorable 1og1c of experlment is 1nescap—1-

T | able What a dlfference for example, to the experlments of
Ampere whlch are, by contrast almost parenthetlcal footnotes

_Q E.D. 's to a preconcelved theory “And what a contrast to the

Suees 7 crudé Baconian notlon of a. mere collectlon of observatlons

from whlch generallsatlons are made 1nduct1vely Sc1ence is all
too frequently divided 1nto its loglcal (theoretlcal— mathematlcai}
- and empirical (observatlonal —experimental) aspects. Here in ,
Faraday' s work is a supreme example of the 1nseparable comblnatlot o
-y of experlment and theory, a sequence of observatlon and
4 . own of his rescardes

fdeductlon whlch wholly merlts Faraday s desrgnatlon "experlmental
PRt S

'phllosophy o o I
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3 (c) Faradav s Second Series of Experlments

( o by mad i mjmmﬁn mmaayl Expptrriimentol @mm i E/a/u; §§mo 2:9" '

In the first series of experiments Faraday has explored all

the essential features of electromagﬁetid-(balvanoéelectric)
_andfmagneto—electrid in'Faraday‘s terminology) induction and has_
: reached a generallsed v1ewP01nt which embraces them all This 1s.
not so much a theory as a sort of vrewp01nt or mnemonlc suggestlve
- perhaps of some features of theory but still quite vague. Already,l
‘even as the experlments are in progress it is clear that Faraday
‘has doubts about thls v1ewp01nt (c. f. footnote to 9. 61) .
Scarcely six weeks after the publlcatlon of hlS first account =
| ;(November 1831) Faraday, in the Bakerian Lecture to the Royal
Socrety (January 1832), presents an account of a whole new serles_
. of experlments, and with it a very dlfferent —— and much more |
'uspec1f1c v1ewpornt Herxe one £finds the fully developed 1dea of
' magnetlc llnes of force'“ an{l idea whlch was not wholly new .
‘but one. partlculatly suited to Faraday s graphical but nonw:”.‘
| mathematlcal way of thlnklng Thls 1dea had clearly been in the
: background 1n Faraday 8 thlnklng for scme tlme ‘now it was:*;
‘being formalised and developed ThlS concept was to remaln wrth s
: Faraday and permeates most of hlS scientific wrrtlngs In hls-"
oW words (§§ 3147 ; 1851) | . o |
.' . "The study of these llnes have at dlfferent tlmes been
greatly lnfluentlal in leading me to varlous results whlch -
- I thlnk prove their utlllty as’ well as ‘their fertlllty ..... I-.d_
~ have been so accustomed, indeed, to employ them and especrally
in my 1ast researches that I may, unwrttlngly, have hecome_.
prejudlced in thelr favour and ceased to be a clear~ s1ghted
judge. still, T have always endeavoured to ‘make experlment the

,test and controller of theory and oplnlon but nelther by test
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nor by an% cross-examination in principle have I been made aware -

of any error involved in their use."

'We shall return later to the questlon of whether others u51ng :

‘. this concept were as free of error as Faraday 13

3_(b) Faraday (See ph. 140-159)

The prev1ous establlshed laws of 1nduct10n are verlfled

"u81ng the Earxth as the magnet Apart from the 1ntr1n51c (and
:sentlmental°) value of thls the earth prov1des a magnetlc fleld o

uniform’ over large regions, Compllcatlons due to non—unlformlty

of the magnetlc field can thus be av01ded and under these: _
51mpler condltlons the new . concept of“cuttlng llnes of magnetlc force

can be tested most dlrectly Notwrthstandlng the clear under—_rﬁ

standlng of the underlylng pr1nc1ples there 1s genulne fascrn'

© ation with the novelty of the phenomena themselves, 'as-ls so,,;r“

plalnly and simply evinced in paragraph 154.-_]

3 (e -(2)'_Faraaév'$51'166-17o "

- Here Faraday demonstrates qulte dramatlcally how in some

c1rcumstances the induced. e.m. f can result in clrculatlng

eurrents; ;3 in others the same e.m. f ylelds 31mply (unobservable)

~ charge separatlon but no current R e
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") -3 {e) -(3) Faradav.ﬁﬁ! 171-180 -
' ﬁ&boﬁpnj%Tkﬁuﬁm..

Iy reduced to its 51mplest(un1versag terms

3 (c) (4)  Faraday && 180-216

To establish that the induced effect is- in some important

respect, 1ndependent of the phy51cal nature or compos1t10n of the -

:..w1re cuttlng lines of force is of the utmost 1mportance And
this is espec1ally =]} s1nce 1n Arago 8 experlment a.dependence;'
on the material of the disc is observed. E
In current language one would say. that the EMF is 1ndep— '
endent of the materlal but that the effects of the EMF -— i.e.
the_current 1s (1f Ohm s Law lS assumed) the ratlo.of EMF-and
L Resrstance : .m | B o _ 'e . _.: __h .
But at the time (1831) Ohm s Law was not. well known or
%g.) . understood ——ﬂor its relevance here obv1ous - partly on- accou;i
~rof the obscure and complex manner 1n ‘which: it was propounded
- The simple tests ( bp.. 195 197) seem conclu51ve but ~'"'a”
'ﬂFaraday pursues the matter further, and . shows, in essence that
the current is dependent on the two factors:. the,lnducedneffect'
(EMF) and the conductivity (@? 208~214) . It is easy to invent'a'
- minor modlflcatlon of these -= us1ng the' null"method of the -
'balanced galvonometer ~= to demonstrate the 1ndepencence of - EMF
and materlal.nPOSSlbly,thlsrls what is 1mp11ed,_not too_clearly,.r

in pp.216.

'3 (¢) (5) Faraday $b. 217 h'_ Lo }'_'V" s

A return to the basic question: "Is "outting the magnetic

o
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curves" a correct and comgl_te_descrlptlon of the. requlrement-

for an induced effect? Is the motlon of Whatever Eroduces these.

llnes of fdrce 1tself s1gn1f1cant9 Is the gatlal variation of

the lines of force srgnlflcant?"(c.f,.3b_Expt._l above)

Faradav'§& 218 Graphlte current collectors are used

' here in place of the mercury contacts, (For reasons of health )

Faraday would probably have done the same had he had sultable

grannlte

'

‘f3}{c).: (6)aFaradaV B9, 2l94230

The experiment in pp. 220 223 can easrly be mlslnterpreted

'Does it lndlcate that the llnes of force move wrth the magnet° =

DP 223 provrdes the clear hlnt of what 15 essentlal’z:

The experlments in pp. 224~ 230 further test and conflrm thlS

Faraday ﬁ§“231-234 show how Faraday concelvedlﬁwfﬂ”&““ﬁh}ﬂ

s actual motlon of a wire in the nelghborhood of another current-'

. carrylng w1re or change in the current in the- latter could both'”'

be . lnterpreted ‘in terms of cuttlng llnes of magnetic force and
precise relatlonshlps between the two cases are establlshed |

The emphasrs here is - on a 81ngle prlnc1ple

3_(c) 'f?)ggaradav B®. 243-255

Here Faraday seizes on'a'remarkably'novel:geometrical

feature of the 1nteractlons of magnets and currents ln w1res Ito-'
is essentlally the dlscovery of Oersted (Ref. 4) that the
magnetic llnes form concentrlc circles w1th the currentucarrylng

w1res as axis, But thls relatlonshlp was SO0 novel -- and SO



22

dlfferent from the predominant Newtonlan idea: of forces along

'the llne jo?nlng partlcles “that Ampere {Ref. 6) thlsted on
formulatlng his theory of thls magnetic lnteractlon on the

basis of the Newtonlan pr1nc1ple Faraday, on the other hand
accepts the dlrect and convrnclng evidence of experlment He
recognizes that in actuallt s the current-magnet 1nteract10n _
has ‘its own dlstlnctlve feature and he explorts thlS to- demon-.
- strate absolutely convrnc1ngly that electro-magnetlc lnductlon o

is Sul qenerls, ‘and qulte dlStlnCt from other 1nduced 1nter—'

actions -- e, g s of a magnet and the 1nduced magnetlsm,of a plece
of iron. ' . .‘ '__ ' ' ,

The partlcular form of the experlment reproduced in the
: laboratory is Sturgeon s, pp. 249 255 (Wthh was made several

._years before Faraday dlscovered the pr1nc1ples of Electro—magnetlc '

o 1nduct10n) Faraday modlfles and extends Sturgeon s experlment

with most telllng results (pp 253) A flttlngfconclusloh_

to this serles of 1nvestlgatlons

Faraday $§. 256-264 = The Whole'series is summarised, although

it is by no means asserted that the last word has been spoken B
(el f. pp 256) Indeed Faraday returns to the whole suhject twenty
dyears later (Ref 15) when he explores the questlon of. the R

magnetlc llnes inside the magnet 1tself

 N.B. ! Throughout the experlment Faraday takes great palns to'
estahllsh and descrlbe the observed geometrlcal dlrectlonal _
relationships between such qualltles as the direction of the d
motion: the polarlty of the magnet or its “llnes of force "'and'f

the directions of the currents. To do this some agreed conventioes'-

~ Reference 15, Faraday's Researches Vol ITI. T%enty=ﬁiﬁtﬁV¥_r -
series. Pgs,.371-401. (1852). - |
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are neeessarv _ _ _ -

‘Thus Faraday descrlbes as the "marked pole" of a magnet
has that whlch p01nts to the North (sometmmes called a north—
.seeﬂlng pole) .- (See_footnote_to pp . 38 and 46) A Voltaic
current is taken te be ('positivel) in the wire in dlrectlon;

from the copper plate to - the zing plate of the Voltaic
.battery { pp. 38). Thls is the same - conventlon as in the
_.dlscharge of ordlnary electr1c1ty current from pOSlthe T
(v1treous) to negatlve (re51nous) Clockwrse .counter—clocku"
wise and rlght—handed screwthread have thelr conventlonal .
meanlng - Wthh can; of. course, be related to the dlrectlonl-

.of the earth's rotatlon (WEst-East) and N and S polar axes.
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FOOTNCTES

)

For a brief sketch of this work and blbllography, see the

Notebook for the experlment " W. Gilbert's Investlgatlons of -
Magnetism.” o ' - : ' '

Qersted and the Dlscoverv of Electromagnetlsm Bern lener

11962, Espec1ally pgs 16/17 24, 42-51,

For Skatch and blbllography see Notebook for the experlment-_

“"Volta 5 Dlscoverles"

See Notebook for Magnetic Effects of Voltalc Current
a) Oersted S Discovery:: S :

.)-ac Hf'fhaj;e H fowce lgoah a pfuf.ms /5‘5 4‘6/-—- 4;59:

See Notebook for Experiments: :"Ampere s Demonstrations of
the Mathematlcal Form of the Law of Force Between Current Carrylng
Wires. S T

"The Search for Electromagnetic Inductlon" 5. Ross "Notes -

- and Records of the Royal Soc1ety, Vol, 20, pgs. 184-219. (1965)

This paper gives a detailed account of the inconclusive efforts
to demonstrate electromagnetic induction -~ particularly those

- of Ampere, that were made in the decade preceeding. Faraday S

work_ i.e., 1820 1830

8 - 8ir- Ldmund Whittaker A History of the Theories .of Aether

:and Electr1c1ty, 1901 (reprinted Harper 1951) Vol, I Chap. VI,

Faraday S Experlmental Researches in Electr1c1tv, 3 Vols

_ © “Faraday as a DJSCOV&”/ " by John Tyndall (1867) in
Royal InsL1Lutlon Library of Science, Vol,2, pg 50. (ElseVLer 1970}
11

J.S. c. Schwelgger, @77? /8’57) JfWML\.nM Ho aﬁkmﬁ": '
%m /\/0«57-4 ‘f% ocwq ogL Hade p‘._f&. Imvw (Mlﬂ) aa Omﬁ!&:

oL
12 .Zaw;deLg Nobili (1731,:—*/235) ' ?w}op,vm f/arrmce. JAM '
e fEqunuﬁéfrvm@mwﬂw&) 9, Dtmadci ‘ﬁhﬁqiéjhugkf .
fﬁ%ﬁhhh? haat ondiabm . ﬂ1AmMnmfu‘¢~ﬂfﬁw A bnwaJ%’
fos bt Goamameds W‘f"““’ |



FOOTNOTES (CONT:)

13

R&ference 13, M. Faraday, “On Delineation of Lines of

Magnetic Force by Iron Filings," "On Lines_of_Magnétic Force,".

"On the Physical Character of Lines of Magnetic Force,"_etc.,'
Faraday's Electrical Researches, Vol.3. pgs. 397-443 (pp.
3234-3299), : ' T

" Reference 14, See Notes on Ohm's Law Experimént. 
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;»,((,a fr’kn‘a MW:? dis covinty M-Iu/brimc. arf a]ﬁ d:&éua&&m{;f/"&w.; His o
it bonks  and_reports are exemplavy. /o0 Caphec tas “}5?;’%‘? 77 4":*"75 ok,
—gnd hir EXEA ordinany Succesy  Obt Shoyld observe R mamw A Sk / e

t Loslof bais obTetUaime, An Wl as Fu s sl fem, Therefre

In all the experiments it is important to record faith-

fully what is observed at each step. These observations

should be recoided ~= in proper order —-- in a laboratory note-
 'bookg(NoT‘on'loose'$craps of papéf) égfthez are made, Comments '

" and ideas should be interpolated as they occur.
At the completion of any series,of experiments,.an attempt,g-
e e LSHence of B C T
should be made to summarise the observations, to draw conclus-
| T D A S e
‘ ions, and to make a note of Ffurther testsfneceSSary to check

. any hypothesis,

Throughout, a clear distinction (”by;maintainihg'proper{:3'

ordering in Laboratory book) must be made between = =~
 a) observations ‘/tﬂ\w“ Naat St os ﬂ-fﬁ‘f"f‘i”*’““' ﬂ‘”g) -

b) queries, conjectures, ideas, etc. made during obser-
vations ... ... . .. oo : SRR T

ﬁic).Conclusiohs drawn aftér the éxperiments'-- -



| magnet may ke placed on the upper platform Observe the

'rExperimentQS(a). i, Ampere -~ de lg- Rlve Experlment (battery

requlred)

The apparatus ig a sort of combination of a pal of

" circuits { prlmary and secondary ) for produc1ng electro—'f

magnetlc '1nductlon,'and at the same tlme -an 1nstrument for_

| detectlng the effect { if any is produced )

First the apparatus should be levelled S0 that the 1nner

',loop can turn freely on 1ts suspen31on thread A large current

from a battery is passed through the outer lOOp and 1t can

l;pbe started and stopped (The lamp is a useful lndlcator that -

current 1s flow1ng ) Notlce carefullv any svstematlc motlon

' of the inmer loop, and 1f conV1nc1ng effects are observed

'descrlbe them all in a single, SUCClnCt clear formulatlon

Check (l) Whether the earth S magnetlsm has any 31g*-

nlflgance ‘ _ : D
(2) Whether there lS any resrdual magnetlsm in

the lnner loop, whlch may be respons1ble for the effect

_ Experiment"B(a).tii]l Arago's Experiment_ (Noubattery)“

' Flrst estahllsh the magnetlc merldlan The apparatus is L

-'arranged so that a copper (or brass or 1ron) metal dlSC (about'

12" dlameter) ‘may he rotated at varylng speeds On the plat—

- form above it a compass needle may be placed Also any’ other

. - ’?.I'f._‘eﬁ:'" :f%:"ﬂ"; B
effect on the equlllbrlum p051tlon of the compass-needle- - :

rotations. Observe the effect of different speeds, directions



of rotatiog and position (w1th respect to the axis of rot—
B | ation) of the compass-needle or magnet,
| The magnet and the conductlng dlsc may be 1nterchanged
'i.e., the magnet can be clamped down on the rotatlng (now
“+  wooden) dlSC and the motion of the freely prOted copper
_brass or steel plates?%gh‘be examlned o _
Descrlbe ( succlnctly) each of your observatrons as 3_*‘

make them, When all observations are completed you should tryh”

to summarise them by one, or a. few, 51mple prlnclples

3 (b) Faraday's First Series .

‘Experiment 3(b).1. (i) A iarge cnrrent (use';pecial:Batterv '

and lamp to indicate the current 1s flowrng) is passed through 0n€» fﬁ

Eee~c01l the other is connected to the needle-galvonometer e
h"(check posrtlon of merldlan first), ' ' _' ) ' S

- Carefully observe motion of galvonometer as the flrSt clr—ﬂﬂa-"

“cuit closed; when the current flows, and when the current is

dlscontlnued o B : _'

R Check the effects of . these changes on the galvonometer

[;‘;f N dlrectly ( i. e. 'even if the secondary c01l is not connected)

iEXperiment 3(h) 1~”(ii) The corls now are made ln separate n

- parts. Half are of copper w1re half are of soft 1ron All the i_“5'
:COllS are carefully 1nsu1ated from:each other but they may ' |

be conneCted together in various ways They are all 'wound' in
" the same helical sense, | . “

- ' . What are-the'conditions for observing the induced electric



currents? Must COllS be (all°) 1n same hellcal sense’ Is mere

‘$

o prox1m1ty en ough° How are the effects enhanced°'

¥

Experiment 3(b) 2. (Battexry required)

You may use the small hellx wound on the glass tube

instead of the galvonometer Magnetisation may be tested wmth

a small compass—needle (Note‘ attractlon above does . not estab—;;t
1ish magnetlsatlon Repu151on does! Why?) What are the nec-
_essary relatlonshlps of prlmary and secondary for magnetlsatlon
to occur? | o S
: ‘ o IR - Commecting

Thus: test for magnetisation:  (a) by ' COllS
ISWitching on current, and Ehgg inserting wire.. Remove w1re I
.first.before switching'on ourrent (b) Sw1toh on current after
' wire is in position: sw1tch off as ln (a). |

(c) Sw1tch off before

removing wire. _ _ _ :
Establlsh the dlrectlon (polarlty) of. magnetlsatlon — f7.f
as 1t relates to ‘the dlrectlon of magnetlsatlon whlch the'

‘primary’ current would produoe

‘ Experiment_B(b) 3. . {Battery required).

_A-simble device to check that relative motion of two'
circuits-is itself significant '(Make sure, - of course, that f

fthe two c1rcu1ts are not in electrical contact 1nsulat1ng

paper prov1ded for this.)
What part of the motlon is most 51gn1flcant°imWhat

dlrectlon is the- secondary current9'




)

.'..h
i

Ins%rt the.small battery in the 'secondary'_circuit.

Establish new galvonometer equilibrium with needle in coil

properly;-Recheck the'induced’ effects. what conciusion can

you draw? .

_Experiment S(b)h4. (Battery required)

B ~Magnetic effects are now enhanced by usrng iron. Closed
'ring' ‘of irom is most favorable for this. B
Experlments are s1mrlar to’ those performed ln second part

of 3(b) 1. 1In fact these can be repeated wrth 1ron—rod 1n31de

L c01l Also,.lron*rod can be 1nserted and removed Compare the L

f_magnltude off the effects observed here with those ln these N

earller experlments

DlStlthlSh (a} change of current (1n prlmary ) w1th

-”1ron— cored' experlments

(b) Changes due to 1nsertlon and removal
of iron w1thout changlng currents. ' _
' As 1n previous expermment 3(b) 3 check that a- small

standlng current 1n-the secondary does-not-lnhlblt 1nduced‘1:”

_currents,

Experiment 3(b) 5. (No battery)

Slmllar to experlment 3(b) 4 Except that now we have

No primary current All ‘the- .secondary _effects-are_now due"

_to ordlnary magnetlsm. :

Establlsh from your observatlons ‘a proper systematlc

'_way of descrlblng the dlrectlons of the secondary effects-h :'




—f—

—— one that is con51stent with the rules 1nferred from the earller .

- ohservations.
Z

. '"————Exeefiment%S{b%—6a{ggftBatteryT*;t‘f“f%f* ——

The powerful "permanent“ magnets mounted on the wooden
ettolley, simulates the large magnet whlch Faraday loaned and
_made use of. With 1t very large-: effects Can. be produced o

'. Lake care in brlnglng 1ron,¢h=aeag ox rods near to the'.
magnet You can’ eas11y hurt your flngers —-= not to mention

damage the apparatus

Experiment 3(b) 7. (No Battery)

. 'L_-qf- Thls is the basic serles experlment in whlch Faraday

first iﬂ‘showed how steady currents could be generated by electro-

' - magnetic 1nduct10n, u51ng magnets and motlon only (no Voltalc : 7Q@ﬁ§
'-fbatterles) ' ' ' o
'second-. flnally solved the mystery of the Arago Effect
: You should try to establish the essential condltlons for s
observing the steady induced currents-~ ' o |
Where must contacts be placed? _ _
| ~: one on edge ‘one on axls° df
:.both on edge° _ :
:”What angular p051tlons and separatlonei
o f.What is effect of speed° . |
| . : Must contacts be near the magn £ gazz
What,-again, are the essentlal dlrectlons and polar1t1es° .
_(N.B;' A-spec1a1 needle-galvonometer is used here It is made

m'af - ‘d o of, essentlally, a s1ng1e turn of very thlck copper Why-




g

The connections between it and the dlsc apparatus should be as

short as. praetlcable Take account of the erfect i
of the laxge magnet on the galvanometer, How? What feature of

the galvanometer reduces thlS dlsturbance°_

3c. Faraday's Second Series

3(c) 1 (i) '(No'Batterv)
We are now- worklngﬁthe Earth's magnetlsm, Make sure there

are no large pleces of irom or magnets lying nearby (Modern_'5

g bulldlngs are not exactly 1deal for ‘this type of experlment but"'

- this is the prlce of Progress.) No battery 1s needed now. In—‘-ﬁ

duced effects s1mllar to 3(b)l and 3(b)4 can now be observed
Iron is 1mportant —~,to magnlfy the effects

‘The merldlan must be located and in all Observatlons the_f

'poSLtan of the apparatuS—w1th respect to'this'meridian_noted,ﬂ' e

- 3te) L(ii). .

_ Slmllar to 3(b)7 - Now the Earth is used in place of the_-"'
large magnet Notlce that now it is as if the pole face coversf;
the entire disc! Does thls make any srgnlflcant dlfference7_

It is essentlal now to make observatlons {e. g. , with thed:‘

dlSC rotatlng in a vertlcal plane ) for dlfferent orlentatlons

"w1th respect to the meridian, It 1s equally 1mportant to

summarise your results - magnltudes, polarltles dlrectlons,g*"

etc ; w1th respect to the actual NOrth and South poles

a 3(CL2 (No'Batterv)

The currents 1nduced 1n the rotatlng copper sphere are

explored by the small astatlc compass—needle (The great merlt h




of the astatic arrangement emerges clearly here ) Once agaln

the axis gan be tilted and oriented 1n various ways. How

many essentiglly different orlentatlons are there° Is there

one (?) which yields no current? and one (9) which yields a

maximum? Descrlbe (flnally) how the currents clrculate fimdf

'.that orlentatlon where the effect ls maxrmal

3(c)3 {(No Batter?)

A 51mple movement of a loop of wire connected to a. sens1t1ve

" galvanometer. What are the essent1a1 features srze of loop? T;ff'

thlckness of copper wrre° Dlrectlon of motlon, w1th respect to.f

‘the mer1d1an° Inltlal and flnal p051tlons7_”'

:Wl?es of Cu Zn Fe and Sn are avallable A specral needle—_fﬁﬂ:

] 3(c) 4 fHo Batterv)

: How do 1nduced currents depend on the- nature of wire matermal’fw

galvanoneter with two sets of corls is prov1ded ‘A null' ( or’
balance ) exoerlment should be dev1sed -_’ ,t}"' -
What can be concluded* Materlal of ere ~of no- srgnlflcance?_;;

of major 1mportance°—of secondary 31gn1f1cance°' Can a law of

' electro—magnetlc -induction be formulated for Whlch the materlal

of wire need not be mentloned°

3(e) 5 {No Batterv)

Essentlally a contlnuatlon with new subtletles of 31b)7;-e
Wlth the apparatus prov1ded one can: | B o
Both with_ekternal ——

"~ {i) Rotate magnet - remalnder fixed
(to magriet) cirecuit,

(ll) Rotate dlsc rj— - e




T

'(111) Rotate both magnet and dlSC

-Then the rgturn path can be completed through the magnet'

We can ring- the—changes as above. Carefully record the observed
effects in all cases. What is now the essential requirement for

induced currants? .

3{c) 6

- This is essentlally similar to 3(c)5 - how the ‘dlsc

- has practlcally shrunk to vanishing pomnt but topologlcally’_s

the 81tuatlon is similar. In this, and prev1ous experlments_

- Faraday is trylng to probe. the 'llnes~of force! 1nsrde the

'magnet 1tself ThlS problem is further pursued in,a';ater'

series of experlments



_Q1‘18l3-15 oured Europe with Humphry Davj

 DIPORTANT EVENTS IN THE LIFE OF MICHAEL FARADAY

'_1791'1f_Sept 22 - Born in NerngtOB Butts near London

1804 - Became errand boy for a bookseller
"7f180§ = Became bookblnder E apprentlce .

"1812_———Attended serles of 4 lectures glven by Humphry

Davy

1813 R Became laboratory a331stant to Humphry Davy at
the Royal Institution :

© 1816 - . Published flrst paper - descrlptlon of an analySLS

of a sample of caustlc Lime .

! 1816 20 Publlshed nearly 40 artlcles and notes in the fleld -

__of chemlstry

b.1820..; Dlscovered two chlorides’of'carbon"

7_182l'f- Invented method for obtaining cootlnﬁoua rotation

by means of voltaic. currents (forerunner of electric
: motor) : : : :

1821 t June 12 —'Marrie&-Mias:Sarah Barnard_.

r:1823 . 'Liquefied chlorineigaab

1824:'_ Was elected Fellow of the Royal Soclety of London

_1825A. Dlscovered benzene

i 1825 | . Was app01nted Dlrector of the Laboratory at the

Royal Instltutlon

-1825 Started the Friday EVEHLHg Dlscou rses at the'Royal

Instltutlon o

&

'“'1826'- Started the Christmaa Lectures for Children

f 1827_ j Begao.lecturing at the Ro&al Institution



1831

- 1832

1832

'i 1833
1836
1838-44
'llsééj
"1345-t
-'l545
1861

1862

1862

’ﬁ1867

' Dlscovered the rotatlon of the . plane of polarl- L
"zatlon of Ilght in a magnetlc fleld (Faraday effect

» Termlnated hlS research efforts S

7 June 20 - Gave his last lecture at the Royal
_Instltutlon but was unable to complete it

Dlscovered electromagnetlc 1nduct10n

sDemonstrated the 1dent1ty of frlctlonal and

VOlcalC electrrcxtles

Formulated the laws of electrolysis

Became Fullerlan Professor of Chemlstry at the,

- Royal Instltutlon

Investigated electromagnetlc self—lnductlon o
(dlscovered lndependently earller by Joseph Henry)g-

Studled and clarified various aspects of electro- j_]-=

‘static induction

‘Engaged ‘in very llttle research act1v1ty due to

. 1llness ;

‘ ‘Publlshed his theory Of electrlc and magnetlclff R
._llnes of force _ _

Dlscovered dlamagnetlsm

Resxgned his professorshlp at the Royal Instltutlon

.nugust 25 - Dled at Hampton Court near London
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FARADAY CONSULTS THE SCHOLARS: = -
“THE ORIGINS OF THE TERMS OF ELBCTROCHEMISTRY -

By S. Ross.’ '
Prufessor of Cal[o:d Scxence Rensselaer Polytechnic Inst;tute Troy, New York'

[ Plates 17 and 18]

Hardly any original thoughts on ‘mental or social subjects ever make their way
‘among mankind, or assume their proper importance in the mind even -of their
inventors, until 2ptly selected words or phraseshaveas it were nailed them down and
- held thern fast.

John Stuart Mill, A system of log:c,' .
I.ondon 184._,, 2, 285 o :

Our scientists, since they will neoterize, Would ﬁnd their account in entert:nmng '
a few consulting phitologists.

.Fltzedward Hail, Modem englzsh' L PR 3 -
NewYork 1873,p 175 PR

HE origins of the terms of electrochenustry—-—elecrrode electrolyte
clectrolysis, anode, cathode, ion, anion and cation—are s6 fully documented -
that their story could well become the classic example of how new scientific
_words are invented and brought into circulation. The story tells of the extra-
. ordinary pains taken by a great scientist to secure the precision of his descrip- . -
- tions of facts by defining new words with explicit denotations, as well as of his -
- respect for philological accuracy and euphony. The story is certain to benefit
‘others who meet the same necessity for defiming new terms; it has also, of.
course, a wider utility and interest as a footnote to the history of science.
. The words were first published by Michael Faraday, F.RS. (1791-1867) in .
1834, with the barest of acknowledgements to two. umlamed friends with--
whom, he said, ‘T have deliberately considered the subject.” No subseqtient diss
_closure of the identity of his friends was ever made public either by Faraday or .+ - -
by the two men themselves. Behind Faraday’s apparent lack of courtesy, we- = -
can detect his honest reluctance to repay the kindness of his friends by bringing
forward their names as though they were partially responsible for judging of
the advisability of coining new terms. The identities of Faraday’s two friends . .
are now known: they were: Whitlock Nicholl; F:R.S. (1786-1838), whose - -
identity is revealed here for the first time; and Willlam Whewell, ER.S.
(1794-1866), 2 famous Master of Trinity College, Cambndge whose 1dent1ty‘
was disclosed in 1868 by John Tyndall, F.R.S. (1). o
No full account of Faraday’s consultations with these scholars has yet been
* made: seléctions from the Faraday-Whewell correspondence (2) have indeed
been pubhshed from tlme to time (3 4,'5, 6) but never in sufficient detail to
- - 144
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disclose all the points discussed between the two men; Dr Nicholl’s contri- |
butions have been completely overlooked; and the subsequent vicissitudes of -

the terms have not been traced. The present account brings together 2 number

of previously published letters {many of them from books or journals now .’
“hard to find) and others that have not hitherto been published. The author is
-indebted to the Council of Trinity College, Cambridge, to the Secretary of the
‘Royal Institution and to the Royal Society for permission to publish the.
. new material, which is identified in the Notes. Little information about

Whitlock Nicholl has ever been made public, and still less is readily available;

more biographical details are therefore included in his case than were deemed .

necessary for other better-known figures. -

I———thtlock Ntckoll F R. S

The fr1end whom Faraday first consulted about termmoiogy was his Per—' E

sonal physmmn Dr ‘Whitlock Nicholl. Dr Nicholl had arrived in London in
1826, giving up a country practice in Shropshire for the more stimulating life

- of the metropolis; This move, sufficiently risky even then, fortunately turned -

out well, due in great part to Dr Nicholl’s qualities of sympathy, sincerity,
unselfishness, and gaiety. Testimonies to his personal-charm reeur frequently

i his biography (7). “The ease with which he could turn from gravetogay ...

his ready wit, his playful humour, and the flow of clever nonsense (8) in which
he would sometimes indulge . . . as one of a large merry party in the country,
he was a great acquisition . . . dear Whitlock’s gaiety of spirits* and keen relish

for the ludicrous ... ; his sallies were: a’[waysirresistible 2 hls kmd courtesy of T
- mAREr; even to the'rough and uneducated.’ :

There was, of course, 2 great. deal more than this to the man: qua.hncs of

intellect and of professional competence that would be made evident under
other circumstances than a merry party in the country. In 1819 he had publish-
ed A Sketch of the Economy of Man, which he described as ‘a physiologico-

metaphysico-theologico-anatomico-medico Essay, to. combine physiology
with ‘metaphysics, and to bring these to strengthen our religious belief’.

On prrely medical subjects he had published a small text-book, General
Elements of Pathology (London, 1820}, and a number of papers in medical =
journals. These inclode:” On Peculiarity of Vision (9) [colour blindness],--_:
Affections of the Cranial Brain in Infants and Erithismal State of the Brain (10). It -

is- worthy of note that the term erithism, used is this last Paper was comed by
Dr Nicholl for his purpose..
- His iriterests, as revealed by his. pubhcatlons evolved gradua]ly from

medical to biblical and ;ehglous topics, th\g:nce to compa_ratwe Ph}lology. b .
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In 1823 he published An Analysis of Chﬂstmmty, exhibiting a cormecfed wew of
the Scriptures and showing the unity of Subject which per yades the Whole qf the
Sacved Volume. At about the same time he undertook the study of Hebrew,
in order to be able to read the Scnptures in the original language. He soon
extended his study t6 include an analysis of the construction of the language _
and did not hesitate to include the Samaritan, Arabic, Syriac, Chaldee- and
Persian languages as well, in all of which he detected common. roots. These -
studies Ted eventually to publications in Iearned Journals of phifolégy, and to .-
- his bock Nugae Hebraicae. -~ :
© It 'was no ordinary physician, therefore, to whom Faraday turned for help -
in thc framing of new terms, nor was it to a chanice acquaintance. On Nicholl’s
move to London he first resided in Old Burlington Street, then removed to a
~ house in Curzon Street, Mayfair. At this address he was very néar the Royal
Institution, in Albemarle Street. Dr Nicholl became a member of the Royal
Institution, of the Athenaeum and other clubs. It would fiot have been long’
“before he became acquainted with Faraday, who had then recently been
-appointed Dircctor of the Laboratory of the Royal Institution, and who used
.10 invite: members to come to-evening meetings in the Laboratory—these
** meetings -were the -precursors of the famous Friday Evening Discourses.
" The Athenaeum had been founded in 1824 ‘for the association of individuals
known for their scientific or literary attainments, artists of eminence in. any
class of the fine arts, and noblemen and gentlemen distinguished as liberal
patrons of science, literature, or the arts’. Gentlemen who wanted to join the
- Club were invited to write to Mr Faraday, Royal Institution, who had under-
taken to.act as temporary secretary (1T).
Dr Nicholl’s friendship with Faraday must have been formed reachly and
" flourished rapzdly The connexion was strengthened when, on 18 February
1830, Nicholl was elected a Fellow of the Royal Society, with Faraday's
mame prominently high-among the proposcrs of his election. His certificate
‘of elecnon was in the following terms (12). ' '
< “Whitlock Nicholl, M.D. of 25 Curzon Strect May Fair,a gentleman
_ strongly attached to science and author. of several Medical and Physio-
- logical papers, being desirous of admission into the Royal Society, we
-the undersigned do recommend him as a person well worthy of that -
honour, and likely to become a useful and valuable member therecf.’
. The certificate was signed by seventeen Fellows, of whom the first was
the celebrated physician B. C. Brodie; Faraday’s name came next; other
- well-known supporters of the recommendation were the brothers Edmund
2" and Frederic Daniell, J. A. Paris, W. T. Brande and W. Heberden. This
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distincrion: conﬁrmed Nlcholl s piace in the top rank of physmnns practlsmg
in London.
In a letter (13) written after Nlcho]l s death, Faraday has given us his esti~

‘mate of the talent@fand acquirements of his friend, in terms that carry the

stamp of feeling and sincerity. Aftcr menmonmg some of NlChO].]. 8 Wr1t1ngs :
the letter continues:

I believe there are very few fof his writings] of a Phﬂosop}ucal nature,

This has often surprised me for his mind wis very active amongst such

sub_] ects, and frequently when he has come in whilst I have been experi~-

menting the quickness with which he has caught and canvassed the idea

under investigation has struck me, and made me wish again and again

that he would tum experimenter. So correctly did he catch my thoughts- - '

and views that T have often gone to him, as the combined philosopherand -

scholar, for new words; and several that are now current in electncal e

science we owe to him. - o
Again jn medical cases, his penetranon and Judo-ement often surpnsed
me. T was personally much indebted to him in the matter of health, and -

so were many of my friends, and when he had occasion to attend us his - -

attention and kindness were never weary. But besides that he appeared
- to have such a clear perception of the nature of the derangement of the

- system and to pass so well from the mere symptoms to the true cause of

the derangement, and-after that to apply the needful remedies so well
and so quickly that, though unable to judge of these matters except from
experience, I certainly always considered. h1m as a most phj.losopluc and )
yet a most practical and safe physician. .- SRR RIS

All here who knew him remember and Wﬂl continue to remember L
hlm all regret his loss. I never knew a man who so quickly and so gener-
ally left pleasant impressions on the minds of those who came into his -
cotmpany—and then that we should be so suddenly struck with the news -
of his death when we were in 2 manner waiting for his re—appearance ‘
‘amongst us! L

- I owe very much to the kmdness of those who are o have becn '

around me in life, but in the remembrance of them Dr. Nicholl’ 5
character stands very separate and independent, and I think will ever do
so. I can wish nothing better to his boy than in all these respects he rnay
prove hke hls father :

I have the honour to be,
Dear madam, yours very fa1thfu11y
M, Faraday '



~poles of a magnet; the attractive or repulsive forces emanating from these poles
tore apart the molecules of substances lying between them; “The pole from ..

The bond of friendghip between the two men.is better revealed ina less
formal letter—one that was written to Faraday by Dr Nicholl after his retire-

ment from London, and which Faraday carefully Preserved alono- Wlth a-
portrait of Nlchoﬂ among his Prwate papers (14).

. East Cowes IW
October 31, 1836

My dear fnend
- Before I tell you anything of me and mine, I must express my hope .
‘that your knee has ceased to trouble you, and that Mrs. Faraday and.

- yourself are well. Your kind call at Shanklin was sadly tantahzmg—so :
short that I could scarcely enjoy the unexpected pleasure of seeing you .
. Praylet me havea line to tell me how you are—how Mrs. Faraday is,
* and how all are that you are interested about. I take for granted that you-

are busily engaged in questioning Nature and in worming out her secrets,.: *:+
bueI am pleased in thinking that you do not fatigue yourself so much as . - B
you were wont to do. I am quite sure, that, with my friend Mrs. Faraday - = -
at'your elbow, you will be reminded sufficienty often that the bow must-

. sometimes be released, and that you will be plied with Quinia & port = -
wine when you need these restoratives. My kind regards to Mrs. Faraday, -
“not forgetting the little Margery. Pray offer my kind regards also to -
‘Frederic & Edmund Daniell. Beheve meto be Wlth real regard and esteem

. very faithfully, oo Wh;tlock NlChOH

II—-—Why Famtfay regutred new rerms

Although never specifically acknowledged, it was probably D}: Nlcholl
to whom Faraday turned in 1831, when in search of a new term for whathe - - -
supposed to be an clectrically induced condition of metals (13). In a letter of + .-
20 November 1831 to his friend Richard P}uU.tps Faraday tells (16) of his e
new term: * The Electrotonic State—what do you think of that? AmInotabold .-« .
man, ignorant as I am to ¢oin words’ but 1 have consulted the scholars.”

Two years later Faraday again felt the need for new terms. His experiments.
on clectrochemical decomposition had progressed far enough to show him "
how unsatisfactory were the prevailing. theories of the subject, according to
which the metallic plates at which the voltaic current enters and leaves a
solution of a salt or acid were regarded as centres of force analogous to the

whence resinous electnary issues attracts hydrogen and repels oxygen whilst -
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“that from which vitreous'
- hydrogen; so that cach of t
- subject to an attractive and
- . Yet, as Faraday pointed o
- elicited atthe poles, they 2
_ . moreover, the hypothesis .
5. .+ decomposition leads to the conclusion that the weakest electrical attrécti'or_i"is .
. stronger than the chemical forces that hold together hydrogen and oxygen.
The details of the action of the electrical force were necessarily still vague.in
Faraday’s mind, but he rightly sensed that the most urgent requirement at this
- stage of the development of the subject was to mark as strongly as possible the
- break that his views made with'those of the past. ORI

-~ Iconceive the effects to arise from forces which are fiternal, relative to-

clectricity proceeds attracts oxygen and repels
he clements 6f a particle of water, for instance, is
arepulsive force, acting in contrary directions’ (i7). -
ut, when the hydrogen or oxygen have been thus .
re not retained there but are allowed to escape freely;

.+ - the matter under decomposition—and not external, as they might be con~ . -
o sidered, i directly dependent upon the’poles . . . I think, therefore, it
. fwould.b__e more phﬂosophical, and ‘more directly expressive of the facts,.
* " to speak of such 2 bod » in relation to the current passing through it,
© " rather than to the poles, as they are. usually called, in contact with it; and
~say that whilst undcridccomposition, oxygen, chlorine, iodine, acids, ete.,
-are rendered at its negative extremity, and combustibles; metals, alkalies,
base, ec. 3t is positive extzemity (1) T

i

One experiment in particular seemed to Faraday of prime importance in '
" proving his thesis; his published text refers back to it more than once, and he *
described it again, in. a letter to. Whewell, on n-occasion when he was
~anxious to present his view-point most effectively and succinetly. The
following account of it is taken from the Experimental Researches (r9): -~
' .- Arrangements were then made in which no 'metallic communication -
- with the decomposing matter was allowed, but both poles (if they mighe .~
now be called by that name) formed of air only. A piece of turmeric paper. -
afig. 50, and a piece of litmus paper by were-dipped in solution of sulphate
- of soda, put together soas to form one pointed conductor, and suppor
‘- on wax between two needle points, one p connected by a wire with the
- conductorof the machine, and the other, n, with the discharging train, The -
intervalin each ¢ase between the pointswas about half aninch; the positive.
- point p Was opposite the litmus paper; the negative point # opposite the
-4 tirmerie. - The machine was then ‘worked for a time, upon which
+ evidence of decomposition quickly appeared, for the point of the Litmuys
" bbecame reddened from éi:ic_i evolved there, and the point of the turmeric -~
. ared from 2 similar and simultaneous evolution of alkali, . . .

pported -

that the attraction of the poles is the cause of the =
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1If the combined litmus.and turmeric paper in this experiment be
“considered as constituting a conddctor independent of the machine or
the. discharging train, and' the final places of the elements evolved be
considered in relation to this conductor, then it will be found that the acid
"+ collects at the negative or receiving end or pole of the arrangement, and.
- the alkali at the positive or delivering extremity. ... .. .
. This case of electro-chemical decomposition is in its nature exactly of
‘the-same kind as that affected [sic] under ordinary circumstances by the
“voltaic battery, notwithstanding the great differences as to the ‘presence
ot absence, or at least as to the nature of the parts usually called poles;
and also of the final situation of the elements eliminated at the electrified -
boundary surfaces. They indicate at once an internal action of the parts
suffering decomposition, and appear to show that the power which is
effectual in separating the elements is exerted there, and not at the poles.
~*To make his argument more conclusive Faraday next devised an experi-

‘ment in which electrochemical decomposition was made to take place -
- against a water surface. His description is too long to quote here: I refer the” .
-+ reader to §§493-496 -of the Experimental Researches. This-experiment,-along

| presented as follows (20)

with the preceding one, formed the basis of Faraday’s argument, which he
As, therefore, the substances evolved in cases of electro-chemical
- decomposition may be made to appear against air, which, according to -
- common Janguage, -is. not a conductor, nor is ‘decomposed, or against
_-':Watf':r, which is a conductor, and can be decomposed, as well as against
. the metal poles, which are excellent conductors, but undecomposable,
there appears but little reason to consider the phenomena generally, as due
to the atfraction or attractive pbwers of the latter, when used in the ordi-
nary way, since similar attractions can hardly be imagined in the former
: instances. . AR : o
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It may be said that the surfices of air or of water in these cases become -
the poles, and exert attractive powers; but what proof is there of that,
except the factthat the matters evolved collect there, which is the point .
- to be explained, and cannot be justly quoted as its own explanation?

In these extracts we see Faraday trying to frame his new concept of electro~ bl

chemical decomposition but forced to use the old terminology coined for .~
the carlier concept that he wished to supplant; in particular, the term ‘poles’,
with its undesirable connotations of magnetic or electrostatic: attractions
and repulsions, caused him embarrassment, as its repeated. use seemed to

-affirm the chief feature of the old theory. We see him trying to manage with _:.

such q_uahﬁcanonsas the parts usually called poles’ or ‘the electrified boundary . . & N
surfaces’; but it isevident that he felt the need for 2 new terminology that. . T

* would not connote hypothetical interpretations with which he disagreed (204). -
Faraday seems to have consulted Whitlock Nicholl about the substitution
of new terms in December 1833, He obtained a number of valuable sugges-
tions:. for poles, ‘which are merely the surfaces or doors by which the -
electricity enters into or passes out of the substance suffering decomposition’,
was substituted electrodes (fAexrpov and ¢86s, a doorway); bodies that .
are ‘decomposed directly by the electric: current, their elements: being st
- free” were to be called electrolytes (i Aexrpov+ivrds = that which can be.
electrically loosened or decomposed); the phrase electro-chemically decomposed -
was to become electrolyzed; the electrolyte when electrolyzed evolves two |
eléctrobeids (possibly (21) derived from the Greek Bafvew, to go or fadifeiv, to -
walk); the extremities of the solutionthat are in contact with the electrodes.
 and where the electrobeids are- evolved were to be called the eisode {the’ door—- &
* way wheré the current enters), and the exode (the doorway where the current
leaves). On 17 December 1833, and later, these terms made their appearance -
in Faraday’s laboratory note~book; on 23 January 1834, he used them publicly . -
in‘a paper read to the Royal Society; but he was not yet completely satisfied
with sorhe ‘of them and still felt the need for a distinction. between the
 electrobeid that went to the eisode and the one that went to the exode. Before the
end of April electrobeid had been replaced by zetode ({nrelv+63ds = that
which seeks the doorway) and the two zetodes were designated zeteisode and
 zefexode. Faraday, however, hesitated about accepting eisode and exode as they .
“implied rather too strongly that the electric. current was an actual current of -
~something ﬂowmg—-—entermg and feaving a solution—instead of its being
merely an arbitrary convention of language. Faraday’s antipathy to the word
_ current is expressed several times in his published papers, as for example in the
followmg sentence: ‘though I speak of the current as proceedmg from the S
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- aroused a sympathetic response from Willis, who had frequently met a similar -

- William Whewell, F.R.S., a tutor of Trinity

-indebtedness to Whewell, veiled by the need

» 1t is merely in accordance
‘ _ | gree tacit, agreement entéred into by
scientific men, that they may have a constant, certain, and definite means of
referring to the direction of the forces of that current’ (22). And again: ‘By
current, 1 mean anything progressive, whether it be a fluid of electricity, or.:
two fluds moving in opposite directions, or merely vibrations, or, speaking .. -
still more generally, progressive forces’ (23). The new terms of electro~; ..,
chemistry, unlike the old, must not lend thernselves to propagate an analogyas
though it were an ascertained fact. S B T

) ‘ - IIF—Robert Willis, FRS. :: -

The next person of whom we have certain record that he was.consulted

- on this question by Faraday was the Rev. Robert Willis, F.R.S. (1800-1 87s);"
Fellow of Caius College, Cambridge, who had lectured at the Royal Institu-
tion in 1831 on the subject of sound (24). Willis had not yet indicated his - .
interest in archaeology and architecture, for which he was later to become -

* distinguished; but at the: time. when. Faraday seems to have consulted him -

(1834), he was actually engaged in writing his. Remarks on the Architecture of
the Middle Ages, destined to be an epoch-making book in the understanding of - -
Gothic architecture (25). Faraday’s request would almost certainly have .-
problem, in trying to describe in words certain architectural features that had
not yet been given fixed and accepted names. In this dilemma Willis had been
friends, in which several of the terms he required had been: defined; the
publication in question was a slim : volume, issued anonymously in 1830 |
and entitled Architectural Notes on German Churches; the author was the Rev.:
College, Cambridge. In writing - °
his own book 'Willis was able to consult not only Whewell’s publication but -
also its author, when a question of architectural terminology arose; his -
to respeé_t the anonymity of the -
author of the Architectural Notes, is nevertheless clearly expressed in Williss -~
Architecture of the Middle Ages, T DR
- Had Willisneeded to persuade Faraday further of Whewell’s qualifications
to come to his aid he could have pointed to Lyell’s recently pu'b]ishe_d
Principles of Geology, in which Whewell is acknowledged as the source of the

* names pliocene, miocene and eocene (26); or he could have shown.the new
- nomenclature designed by. Whewell fo

r the description of Fan-Tracery .-
Roofs (27); and, as evidence of the conservatism and judgement with Which_
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Whewe]l undcrtook such tasks, he could have brought forward the followmg
- passage from Whewell’s Arch:tectuml Notes.on German Churches (28).

In architectural descnpﬁon I have ventured to employ a few new
' -_ phrases: or rather I have fixed and limited the meaning of some of the
* phrases which I have used, with a view to their being employed steadily

- and precisely for the future. L hopc the courteous reader will not consider -
¢this to be a criminal assumption’ of. philological power. It is scarcely
L Possﬂale to describe new features without this much of innovation, or
" to describe anything distinctly ‘without this much of technicality, Mr

- Rickman has shewn, that by the careful use of terms well selected and
~previously defined, language may convey almost as exact and complete

. “an idea of a building as can be got from the reality orfrom the pericil:

cbut in order to do this with the greatest advantage, our architectural -
o _vocabulary should be much extended. We may learn from the descriptive .

sciences, as for instance Botany, how much may be taught by means of
a copious and scientific terminology; and architects are already in posses-

anguage for Gothic-architecture; is a proceeding’ which might not be
~beyond the jurisdiction -of our eminent architectural authorities; but
-~ _such a language would require to be illustrated by abundant drawings

- =~ and references. L have not pretended to invent or define any words ¢ except .

such as I had occasion for in my own descnptmns

But Paraday did not requird this' evidence: he was already aware of |

. Whewell’s interest in scientific terminology. Barly in 1831 Faraday, as editor

- of the Journal of the Ro yal Institution of Great Britain had accepted and published

‘1 sion of a very numerois list of terms of art which refer to the Classical |
_Orders so full, indeed, that there could scarcely ever be-much difficulty .
in describing a building belonging to-that style: To establish 2 complete -

“an article by Whewell On the employment of notation in Chemistry. Faraday

he says (29)

- proportional or atomic numbers, etc., etc., had almost stirred me up to
.. regret publicly that such hindrances to the progress of science should

" exist. I cannot help thinking it 2 most unfortunate thing that men who as
~ experimentalists and philosophers are the most fitted to advance the
general course of science and knowledge, should by the promulgation of = -

- their own theoretical views under the form of nomenclature, notation

: A'aﬂudcs to this Paper ina letter to thwell dated Fcbruary 21 18 3:[ in wh1ch -

: Your remarks upon chenm:al notation W’lth the varlcty of systems _
- which have arisen ‘with regard to notation, nomenclature, tules of -
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or scalg, actually retard its progress. It would not be of much consequence: - .

if it was only theory and hypothesis. which they thus treated, but thCY'f: A

'-put facts or the current vein of science into the same limited circilation .-

when they describe them in such 2 way that the initiated only can read

them.

- Willis then did not do more than draw Faraday’s attention to Whewell’s -
interest and ability in scientific nomenclature; but in'view of the happy results -
of his advice he deserves to be included among those who share the credit for
forming our present language of electrochemistry. . - . L

T

1V—William Whewell, F.R.S.

The Rev. William Whewell (30), to ‘whom 'Faraday_ was referred, had.
been Professor of Mineralogy at Cambridge, from which post he resigned in:. . . -

1832, due to the sheer number of his other interests. He had recently-become
widely known as the author.of the first of the Bridgewater treatises (31), that -
. on Astronomy considered with reference to Natural Theology. But Architecture,
Mineralogy, Astronomy and Theology by no means exhausted the nuniber of
subjects i which this able and remarkably versatile man took an active interest. -
At Cambridge and elsewhere his omniscience was soon to become legendary:

‘heis a portentous encylopaedist, and is said to know everything under the -

sun even better than those who know it best’, wrote an enthusiastic visicor (32)-
in 1858. . The direction of Whewell’s interésts throughout his life showed'a
notable progression from Mathematics and Mechanics, his first loves; through
Chemistry, Mineralogy and Geology ;. this series of studies-culminated with -

the publication of his History of the Inductive Scienices (1837). A new series of I
 studies were inaugurated with the publication of his Philosophy of the Inductive ~ - -

Sciences (1840), from which he progressed to Economics, Moral Philosophy

. and International Law. It may be said-that in the course of his intellectual . - |

carcer he gradually and systematically enlarged the objects of his contempla-
~tion from the most trivial physical phenomena, which can, however, be-des-
‘scribed - and. predicted with mathematical precision, to- complex social”
relations of the utmost human importance. .. - o
At about the time of Faraday’s request for assistance with terminology,
general considerations about the language of science scem to have been .-
occupying Whewell's thoughts. He had already commenced the long task of -
writing his Philosophy of the Inductive Sciences, in which the subject of technical
words is discussed 4t length; he also had recently published 2 small book on

mineralogical classification and nomenclature, as well as some articles in the
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Philological Musenm on definitions and technical terms. His glad and immediate
response to Fataday’s appeal shows how timely was the enquiry and how
appropriate the choice of person to whom it was addressed. o
Faraday, on his part, had evidently continued to ponder and probably to
" discuss with Dr Nicholl his dissatisfaction with the terms he had employed in
" his oral presentation to the Royal Society in January. It now seemed to him
that even to use terms that spoke of electrical current ‘entering’ and ‘Jeaving’
the -solution might imply more knowledge of the phenomenon than was
warranted; who was to say how false the analogy of ‘current’ and flow’ might
- be to the actual progress of clectricity through an electrolyte. Having himself
‘suffered from terms that connoted hypotheses that he considered erroncous,
he was anxious to clear the terms of his own invention from any such
implications. He decided simply to compare the progress of electricity through
 a solution with some great terrestrial phenomenon with which it could not
possibly be equated. His mind leaped to a suggestion made by Ampére soon
- after Oersted’s celebrated experiment of 1820 had been made public: perhaps
" terrestrial magnetism results from the presence of an electrical current moving
- around the equator from east to west, just as north and south magnetic poles
“can be produced above and below a loop of wire carrying a current that moves
~in that direction. Let the direction of the current causing electrolysis be com-
pared to this globe-circling current: the two electrodes would then be analo- -
gous to east and west. This analogy carries no implications of an electrical
fluid entering and Jeaving the solution, nor does it introduce the puzzle about
whether one fluid enters at one electro de and a second fluid enters at the other.
" Fortunately for the historian the distance that separated Faraday and
. Whewell made it necessary for them to carry on their deliberations by corre-
sponderice; so that we have a nearly complete record of the stages through
which the terms evolved to their final form. Most of the original Faraday-
‘Whewell letters are preserved in the libféry‘ of Trinity College, Cambridge;
some letters arc in the Royal Institution. Selections from these letters have
. been published but many that are important to the present discussion have -
“never appeared in print. SRR S
- Faraday used little punctuation in his letters, and probably the meticulous
punctuation of his published papers was done by another hand. To reproduce
- his letters in their original form would give a false impression of incoherence;
. for the purpose of publication," therefore, occasional puhctuation has been
- inserted and obvious mi_%i:akes, such as every letter=writer makes, have been.
quictly corrected. Whewell's letters need little of lsuch editing, as might be
- expected from his more consciously literary style.".” '
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- Faraday to Whewell (33)
~ Royal Institution
o o o o 24th April, 1834
My dear Sir, - - R
I'am in-a trouble which when it occurs at Cambridge s, I understand, -

- referred by everybody in the University to you for removal; and I am

“encouraged by the remembrance of your kindness, and on Mr. Willis’

| - suggestion, to apply to you also. But I should tell you how I stand in the

- matter. - S _ _ _
1 wanted some new names to express my facts in Electrical science
without involving more theory than I could help, and. applied to a
friend Dr. Nicholl who has given me some that I intend to adopt: for
.instance, 2 body decomposable by the passage of the Electric current J call
‘an ‘electrolyte’, and instead of saying- that water is electro-chemically
decomposed 1 say it is electrolyzed. The intensity above which a body is
- decomposed beneath which it conducts without decomposition (34);
‘Tcall the ‘Electrolytic intensity’; etc., etc. What have been called the poles

o of the :Battew'l.cﬂ:&e elecirodes. They are.not merely surfaces of metal
- .but even of water and air, to which the term poles could hardly apply

-without receiving a new sense. Electrolytes must consist of two parts,

- which during electrolyzation are determined the one in one direction the
other in the other towards the electrodes or poles where they are evolved.
These evolved substances I call zefodes, which are therefore the direct

* constituents of electrolytes. o S

- All these terms I am satisfied with but not with two others which I

- have used thus far. It is essential to me to have the power of referring to

——

 the two surfaces of a decomposable body By which the current enters
“into and passes out of ‘it, without at the same time referring to the
- electrodes. Thus let 4 be a decomposable body and P and N the positive

15
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and negative poles, which may or may not be’in contact with a at the

points b, ¢, gnd shall yet transmit the electricity which passes through 4.

Admitting the usual mode of expression and talking of a current of -
Electricity proceeding from the positive pole P through 4 to the negative -
pole N, my friend suggested and I have used the terms eisode for cand
 exode for b, the points where the zetodes are rendered; and a zetode gomg o

to¢ 1 have called a zefeisode and another going to b a zetexade

‘ But the idea of a current especially of one current is a very clumsy and
*hypothetical view of the state of Electrical forces under the circum- . -
* stances. The idea of two currents seems to mé still more suspicious, and
1 have little doubt that the prescnt view of electric currents and thenotions.
by which we try to conceive of them will soon pass away, and I.want -

" therefore names by which I can refer to ¢ & b without involving any

i theory of the nature of electricity. In searching fora reference on-which ~
to found these T can think of nothing but the globc as 2 magnetic body SR

If we admit the magnetism of the globe as due to Electric currents running
- in lines of latitude, their course must be, according to our present modes

of expression, from East to Westand if a portion of water under decom~ '
position by an electric current be placed so that the. current through it -

shall be parallel to that considered as circulating round the earth, then the
oxygen will be rendered towards the east, as-at-c in the figure, and the

hydrogen towards-the west; as at b in the figure. I think therefore that
“if Twere to call ¢ the east-ode and b the west-ode. I should express these.

- -parts by reference to a natural standard which; whatever changes taki

place in our theories.or knowledgc of Electricity, will still have the same oy
relation. But Eastode or Westode or Oriode and Occiode are names - -
whiich a scholar could not suffer T understand for a moment and anato l ode s

and dysiode have been offered me instead.

Now can you hclp me out to two good names not depe:ndmg upon_ s
the idea of a current in one direction: only or upon positive or negative, ~ - -

' and to which I may add the prefixes zet or zeto so as to express the class
to which any particular zetode may belong. '

I am making very free with you but if you fccl mchned to help mel
shall be very much obliged, and if not make no ccremony in saymg that. -

'YOIl CaDllOt assist me.

I am, dear Sir,
" Your faithful Servt.
- M: Faraday = -
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. . | Whe\iv?]l f.o Faraday (3 5) o .
' Trinity College, Cambridge
. April 25, 1834 o
My dear Sir, : :

T'was glad on several acco_untﬁ to receive yo_ﬁf letter. Thad the Pléasurc '
of being present at the R.S. at the reading of your paper, in which you

- introduced some of the terms which you mention, and I was rejoiced
 to hear them, for I saw, or thought I saw, that these noveldes had been

forced upon you by the novelty of extent and the new relations of your -

- views. In cases where such causes operate; nev terms inevitably arise, and
it is very fortunate when those upon whom the introduction of these -

devolves look forwards as carefully as you do to the general bearing and

. future prospects of the:subject; and it is an additional advantage when

they- humour philologists so far as to avoid gross incongruities of
language. T was well satisfied with most of the terms that you mention;

- and shall be glad and gratified to assist in freeing thenrfrom false assump--

tions and implications, as well as from philological monstrosities. -
I'have considered the two terms you want to substitute for eisode and
exode; and ‘upon the whole [ am disposed to recommend instead of them
anode and cathode; these words may signify eastern and western way,
Just as well as the longer compounds which you mention; which derive
thieir mednirlg from words implying rising -and:‘setting;

appears to me to be to indicate opposition of direction without assuming
any hypothesis which may hereafter turn out to be false, up and down,
which must be arbitrary consequences of position on any hypothesis,
seem to be free from inconvenience, even in their simplest sense. I may

.- mention too that anodos and cathodos are good genuine Greek words, and '

not compounds coined for the purpose. If however you are not satisfied |
-with ‘these, T will propose to you one or two other pairs. For instance,
dexiode arid sceode (skaiode if you prefer it} may be used to indicate east
and west, agrecably to. Greek notions and usages, though their original
meaning would be right-and 1¢ft: bt should say i this case also, that

 rightand left, as it cannot be interpreted to imply a false theory, any more

than east and west, would be blameless for your object. Another pair,

orthode-and anthode, which mean  direct and opposite. way tmight be

employed; but T allow thatin these you come nearer to an implied thec_»ry.

‘Upon the whole I think anode and cathode much the best.

P tions: which ' _;ﬁ_;:.j:. :
anode and cathode imply mote simply. But I will add thatas i
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1 have’ aiready said that Ilike most of your new words very well, but
there is one which I'should be disposed to except from this praise; I mean - -
zetode. My objections are these. This word being grouped with others of
the same termination might be expected to indicate a modification of-
electrode, as cisode, and exode, or anode and cathode do. Instead of this,
it means a notion altogether heterogeneous to these, and the ode is here -
the object of a verb zete, contrary to the analogy of all the other words.
Tt appears to me that, as what you mean is an element, all that you want is
some word which implies an element of a composition, taking a new -

word, however, in order that it may be recollected that the decomposi- -

tion of which you speak is of a peculiar kind, namely, electrolytical

-decomposition. Perhaps the Greek word stecheon (or stoichion) woild +:

answer the purpose. It has already a place in our scientific languagein the
term stoecheiometry, and has also this analogy in its favour, that whereas = |
your other words in ode mean ways, this word stecheon is derived from a
word which signifies to. go in a row. The elements or zetodes are two
things which go, or seek fo go, opposite ways. Irmght add that, if you want -
a word which has a referesice to your other terms, the reference must be
to the process of decomposition by which these elements are obtained..
' You might call your zetode, an electrostecheon, especially if you had occa- -

sion to distinguish these elements obtained. by -electrolytical. processes. -

from others obtained by chemolytical processes,that is; the- commo
analysis effected by the: play of affinities. Elements obtained in the latter
' way might be called chemostecheons in opposition to electrostecheon. ButTam - -

 afraid Tam here venturing beyond my commission and out of my depth; .-
and you must judge whether your stecheons or zetodes, or whatever they -

are to be, aze likely to require the indication of such relations. If you were
to take anode and cathode and adopt stecheon, I think anastecheon and
catastecheon wmight indicate the two stecheons. If you stick to zetode,
-anazetode and catazetode would be the proper terms; but perhaps zetanode
and zetocathode would be more analogous to zetode, which is a word
that, as T have said, I do not much like. - : '
My letter is become so long that I will tecapmxlate.
anode, cathode, zetanode, zetocathode fulfill your requisitions;
anode, cathode, anastecheon, catastecheori are what I prefer.
With great interest in your speculations, and best wishes,
Believe me, yours very truly, W. Whewell




’My dear Sir,

- agree best with my natural standard East and West. Ilike anodeand cathode

- words. But when we come to combine it with the two former as dexio- - -

 for [ think you will agree with me that I had better not giveanew word -
“than form one which is not likely to enter into common use.. .

, muststrike out the two compounds above and express my meaning with--"+
-out the use of names for the two classes of stechions, though they are

their strong recommendations to me.

. '-2'0-3” -
§  Faradayro Whewel_l (36) -

R. Institution
3 May, 1834

‘T have waited very impatiently for a proof of my paper that [ might
send it to you with my letter of thanks for your kindness. Butlamafraid I
have invoked by that a charge of unthankfulness towards you, which
however I assure you I do not deserve. B A T

- All your names I and my friend approve of, or.tiea'rly all, as to sense .
and expression; but I am frightened by their length and sound when -
compounded. As you will see I have taken dexiode and skizodebecause they -

better as to sound, but all to whom T have shown them have supposed . -

at furst that by anode I mean no way.. e ey
Then Stechion I have taken although I would rather ot have had the

hardsound of ch here, especially as we have similar soundin both the former

stechiion and skaio-stechion, especially the latter, T am afraid it becomes .
inadmissible simply from its length and sound forbidding its familiar use;

It is possible that by this time some other Shbfte}."‘ii__w‘c.)’ﬂ;i"_mayf'rl'_l‘gv.
occurred for Stechion; if so will you favour me with it. If not I think -

very very much wanted, . . T , SRR
It was the shortness and euphony of zeteisode and zetexode which were: -

Iam, my _deér Sif,' SN | o i
Your obliged and faithful Servant, . ‘
M. Faraday

Can you give. me at the: bottom of the Péges' the greek dexivatioﬁ;
etc., that'when you retumn me the leaves I may have them right for the.
printer. They are of course uncorrected at present. S

. . ME |
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- Whewell to Faraday (37) _
o S 'Trinity Coll. Cambridge,

e k May s, 1834 -

. My dear Sir, R P S .
" Lquite agree with you that stechion ot stecheon is an awkward word

both from its length and from the letters of which it is composed, and T

- I can suggest one, but previous to doing thisI would beg you to reconsider
.. the suggestion of anode and cathode which I offered before. It is very
.+ obvious that these words are much simpler than those in your proofsheet,
* and the advantage of simplicity will be felt very strongly when the words
©: *rare‘once firmly established, as by your paper I do not in the Jeast degree
-, doubt that they will be. As to the objection to anode, I do not think it is -

- according to the analogy of the Greek language, no way. It is-true that -
" the prefix an, put before adjectives beginning with a vowel, gives a
Hegative ‘signification;  but not to substantives, ‘except. through the
medium of adjectives. Anarchos. means without governmient, and hence’
‘anaichia, anarchy, means the absence 6f governmient: but anodos doces not and
i cannot mean the absence of way. And if it did mean this as well as 2 way up,
+. it would not cease t6 mean the latter also; and when introduced in com-
pany with cathodos nobody who has any tinge of Greek ‘could fail to
- perceive the meaning at once. The notion of anodos meaning o way could -
- only suggest itself to persons unfamiliar with Greek, and accidentally
- -acquainted with some English words in which the negative particle isso -
- employed; and those persons who have'taken up this notion must have
overlooked the Very different meaning of negatives applied to substantives
and adjectives.’ Prepositions ‘are so very much the simplest and most
decisive way of expressing opposition,-or other relations, that it would
Tequire some very strong arguments t6 induce one toadoptany other way
of conveying such relations as you want to.indicate. .~ .
1 you take anode and cathode, T would propose for the two elements
resulting from electrolysis the terms anion and cation, which are neuter °
participles signifying that which goes up, and that which goes down; and for the
two together you might use the term ions, instead of zetodes or stechions. -
The ‘word is not a substantive in Greek, but it may easily be so taken,
and Tam persuaded that the brevity and simplicity of the terms you will
~thus have will in a fortnight procure their ‘universal acceptation. The -

'3

--am very desirous that you should have a better for your purpose, I think .

~-worth hesitating about. Anodos and cathodos do really mean in Greek =~
. a way up and a way down; and anodos does not mean, and cannot mean, -
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anion is that which goes to the anode, the cation is that which goes to the
cathode. 'The th in the latter word atises from the aspirate in hodos (way),
and therefore is not to be introduced in. cases where the second term has

_ pot an aspirate, as for has not.

Your passages would then stand thus:

" We putpose calling that towards the east the anode and that towards
the west the cathode. . . . I purpose to distinguish these bodies by calling
those anions which go to the anode-of the decomposing body, and those

 passing to the cathode, cations. And when T have occasion to speak of these

togethcr I'shall call them fons. :
. dvd, upwards, 6345, a way; ‘the v way Wh.lCh the sun rises.
rard, downwards, 686s, 2 way; the way which the sun sets.
- dwdv, that which goes up (neuter Pa.mcxplc)
KG’.‘TLOV that which goes down.
Tam 56 fully persuaded that these terms are from the1r sn"nphaty

~ preferable to those you have printed, that I shall think it a misfortune to
- science i you retain the latter. If, however, you still adhere to dexio arid
scaio, T am puzzled to combine these with fon-without so-much coalition
+of vowels as will startle your readcrs. I put.at the bottom of the page
. the explanation, if you should persist in this* T would only beg you'to
- recollect that even violent: philological ‘anomalies are soon got- over, if )
 they are used to express important laws, as we sec in the terms endosmose

and exosniose; and therefore there is little reason for shrinking from
objections founded in ignorance against words which are really agreeable

to the best analogies. The existing notation of Chemistry owes its W1de

adoption and long duration to its simplicity. _
‘T am afraid you will think I am fond of play:ng the critic 1f I make '

- any further objections, otherwise I would observe on your Article 666,
that if you are not sure that you will want such words as dstechion, it is _

M BRA8 0 RET

throwing away your authority to propose them. If what I have written

does not answer your purposc pray Iet -me hear from you agam and

- 'behevc ‘me,

Yours very truly, w. Whewe]l

PS 1f, adopting the term ion for stech:on you do want the negative
astechion, I do not think there will be any dlfﬁculty in devising a suitable
word. -

% 85&05‘, on the r1ght hand, and hience the east; o-xamg, on the lcft ha.né and hcncc,
the west. [This note is Whewell’ ]




=" Before Faraday received this reply to his letter of 3 May he scrit an
additional note to Whewell, which was received (according to Whewell’s

notation} on 6 May and promptly answered. -

- Faraday tc_)\‘Wh_ewell'(38)_

R. Institution SRR
L  Monday [s May, 1832] - -
My dear Sir, - U U A L
~ Hoping that this sheet of paper will reach you before you write to me
~ I hasten to mention two names instead of eisode and- exode which are
free I think from objection as to involving a point of theory, naniely
Voltode and Galvanode. = -~ S T
My friend Dr. Nicholl proposes Alphode and Betode. . - -
"+ Then the compounds are good in sound: Voltastecheon, Galvastecheon
" or Alphastechion and Betastechion. . = L
DR - Ever wuly yours. -
. M. Fataday PR

; Whewellto -Fgradajr__(39‘).'::"_ ER I
L TrmCoH Cambridge
- May6,1834 - -

My dear Sir, = - - e T
_ - You will have received my letter of yesterday and perhaps will have
formed your opinion of it. Istill think anode and cathode the best terms . L
- beyond  comparison for' the two - electrodes. The terms which L
© " you mention in your last shew that you are come to the conviction -
- that the ‘essential thing is to express a difference and nothing more. This
" conviction is nearly correct, but I think one may say. that it is very
- .desirable in this case to CXpress an opposition, a contrariety, as well as 2
- -difference, The terms you suggest are objectionable in not doing this.
. They are also objectionable it appears to me, in putting forward too

SR “ostentatiously the arbitrary nature of the difference. To talk of Alphode

-and Betode would give some persons the idea that you thought it absurd
. "to pursue the philosophy of the differenice of the two results, and at any
rate-would be thought affected by some. Voltode and Galvanode labour -
1o less under the disadvantagé of being not only entirely, but ostenta-
. ;tiously arbitrary, with two additional disadvantages; first that it will.
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be very difficult for anybody to recollect which is which; and next that
I think you are not quite secure that further investigations may not point
ouit some historical incongruity in this reference to Volta and Galvani.
- Iam more and more convinced that anode and cathode are the right words;
and not least, from finding that both you and Dr. Nichols [sic] are ready
to take any arbitrary opposition or difference. Ana and Kata which are
© prepositions of the most familiar use in composition, which indicate opposite

4] - relations in space, and which yet cannot be interpreted as mvolvmg a theory
SRR appear to me to unite all desirable properues. .

writeto me - I am afraid of urging the claims of anion and cation though I should

:-which are’ S certauﬂ‘y take them if it were my business, that which goes to the anode

ry, namely and that which goes to the cathode appearing to me to be exactly what'

SR you want to say. To talk of the two as ions would sound a little harsh at
R first: it would soon be got over. But if you are afraid of this I think that

‘alvastecheon . stechion, as the accepted Greek name for element, is a very good word to

- adopt and then, anastechion and catastechion are the two contrary elements,
. which I am sure are much better words than you can gct at. by using
-+ dexio and scaio.or any other terms ot prepositions. -

osee you on one of those days and to learn what you ﬁna]ly select

Believe me
3¢ : Yours most truly

W. Whewell- .
s will have - : Faraday to Whew::ll (40)
- best terms =
ms--which "Royal I Institution
conviction . 15 May 1834
more. This My dear Su' , ' ' '
v it s very _ 1 ought before this to have thanked you for your grcat kmdness in the
sswellasa @ 0 - matter of the names respecting which I.applied to you; but I hoped to
doing this. = .~ -have met you last Saturday at Kensington {41) and therefore delayed
srward too expressing my obligations. : '
of Alphode - T have taken your advice and the names used are anode cathodc aniofis
htitabsurd catmns and ions—the last I'shall have but little occasion for. I had some hot
and at any objections made to them here and found myself very much in the
iode labour - condition of the man with his Son and Ass who tried to please everybody;
it Ostenta- - but when I held up the shield of your authority it was Wondcrful o
that it will observe how the tone of objection melted away. ' '

£

w

I expect to be in London’ Fnday and Saturday, and if Iam. sha]l try t to.
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Jam quite 'd'e]i.ghte.d with the facﬂity of ezepression which the new
“terms give me and shall ever be your debtor for the kmd assistance 'you
_' have given me. :

I am, My dear S].r . -
Your obhgd and fmthful Servant
M Faraday ' :

Faraday to Whewell ( 2)

Royal Insututlon
17 June 1834-
Dear’ S1r : :
. 1 beg to oEer you acopy- of the 6t11 and 7th series etc, and am anxious -
- again to thank you for your kindness in the matter of the names. I felt
during the printing very well pleased with the way in which they read.
- take the liberty of putting 3 or 4 other copies into the parcel buthave
.- some suspicion. that I.am using too much liberty with you. I hope -
¢ however you will excuse me and I wﬂl endeavour to find out some other_
-means-of transfer hereafter. | am. | =

M Faraday
" Tn the dection of his book The Ph:lasophy of the Tnductive Seiences that 1s'

. “devoted to the language of science, Whewell amplified his objection to the .
. -suggestions made by Faraday and Dr Nicholl, though without revealing that -
he had played any part himself in the events he dlscussed The book was -
"'Pubhshcd in 1840. Whewell wrote (43):" .~ .~ '

“The extension of arb1trary names in sc1ent1ﬁc termmology is by no-
“means to be- encouraged 1 may mention a case in ‘which it. was very
: :pr-_operly avoided. When Mr. Paraday s researches on Vqltalc electricity
ha'd-'led,hirh'-‘tc').‘:Perceive the -great 'impibpﬁ'ety' bf ‘the -term poles,;-uas =
“applied to the apparatus, since the processes have not reference to any
" _opposed points, but to two opposite directions of a path, he very-
:suitably wished to substitute for the phrases positive pole and negatwe pole
two-words ending in ode, from 6865, a way. A person who did not see
-+ ¥ thevalue of our present maxim, that descriptive terms should be descriptive” -
¢ in their origin, might have proposed words perfectly arbitrary, as Alphode
- and Betode: or, if he wished to pay a tribute of respect to the discoverers in

£
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~ this department of science, Galvanode and Voltaode. But such words would
. very justly have been rejected by Mr. Faraday, and would hardly have
. obtained any general currency among men of science. Zincode and Platiy-
" ode, terms derived from the metal which, in one modification of the
apparatus, forms what was previously termed the pole, are to be avoided,
 because in their origin too much is casual; and they are not a good basis
for derivative terms. The pole at “which the zinc is, is the Anode or _
Cathode, according as it is associated with- different merals. Either the -
zincode must sometimes mean the pole at which the Zinc is, and at other
- times that at which the Zine is not, or else we must have as many names
- for poles as there are metals. Anode and Cathode, the terms which Mr.

' *Faraday adopted, were frec from- thesé objections; for they refer to a
natural standard of the direction of the voltaic current, in 2 manner
which, though perhaps not obvious at first sight, is easily undbirstood and

- retained. Anode and Cathode, the rising and the setting way, are the direc-

-+ tions which correspond to-east and west in that voltaic current to which

< we. must ascnbe terrestrial magneusm “And with these words it was easy.

to-connect.anion and carh:on o designate the: oppos1te elements which

are separated and hberatcd at the two eIecrmdes '

: .a’)-

_ - V—Publication and reception of the new terms
" Faraday was convinced aftef--rcceivhlg Whewell’s letter of 6 May 1834.
*-He changed the proof-sheets of his Experimental Researches, 7th Series, substi-

tuting ‘Whewell's suggestions. The paper begms by introducing the new
- terms; as” foﬂows S T T

The theory Wh.‘lCh I believe to be a true expressmn of the facts of -
_-electro~chemical decomposmon . . is so much at variance with those
- - previously advanced, that I find the greatest difficulty in stating results,
- -as Lthink, correctly, whilst limited to the use of terms which are current
" with a certain accepted meaning. . . :
To avoid, therefore, confusion and cn:cumlocutlon and for the sake
:_of greater precision of expression than I can otherwise obtain, I have
. deliberately considered the subject with two friends, and with their assis~.

not S_’écl:' e ~tance and concurrence in framing them, I purpose henceforward using -
Tiptive - - certain other terms, which 1 will now define. The poles, as they are
Alphode - - usually called, are only the doors or ways by which the electric current

erersin

* passes into and out of the decomposing body; and they of course, ‘when in




._ a

. always, in contact. Wishing for a natural standard of electric direction to
. which I might refer these, expressive of their difference and at the same -
- time free from all theory, I have thought it might be found in the earth,

. the latter must be in a constant direction, which, according to present
. ‘usage of speech, would be from east to west, or, which will strengthen

- placed so that the current
~and parallel to that supposed. to exist in the earth, then the surfaces at

- aninvariable reference, and exhibit constantly the same relations of - T

-take place in our views of the nature of electricity and electrical action, as
- they must affect the natyral standard referred to, in the same direction,
. andtoan equal amount with any deconiposing substances to which these
. terms may at any time be applied, there seems no reason to expect that

- .The anode is therefore that surface at which the electric current
10 our present exp

- and is against or opposite the positive electrode, The cathode is that surface
“- at which the current leaves the decomposing body, and is its positive ..

;-'cxt_remity; the combustible bodies, mctals, alkalies and bases, are evolved e
+ .-there, and it is in contact with the negative electrode. - - ' ‘

210

‘contact with that body, are the limits of its extent in the direction of the

- current. The term has been generally applied to the metal surfaces in

contact with the decomposing substance; but whether philosophers
- generally would also apply it to the surfaces of air and water, against
which Lhave effected electro-chemical decomposition, is subject to doubst.
~In place of the term pole, I propose using that of Electrode, and I mean
thereby that substance, or rather surface, whether of air, water, metal, or -
- any other body, which bounds the extent of the decomposing matter in B
 the direction of the electric current. . o o
" The surfaces at which, according to common phraseology, the electric
cwrrent enters and leaves a. decomposing ‘body, are most important
places of action, and require to be distinguished apart from the poles, .
with which they axé.-mostly, and the électrodes, with which they are

T T e b Lo

If the magnetism of the earth be due to electric currents passing round it,

this help to the memory, thatin which the sun appears to move. Fin any | ‘
case of .elcétrbéﬂeédmp_osition ‘we consider the decomposing body as .
passing through it shall be in the same direction,

which the"electric'ity is passing into and out of the substance would have

powers. Upon this notion we purpose calling that towards the east the )
.anode, and that towards the west the cathode; and whatever changes may -

they will lead to confusion, or. tend in any way to support false views,
' according
ression;. enters: it is-the negative extremity of the
decomposing body; is where oxygen, chlorine, acids, etc., are evolved:
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The foregomg passage serves to remind us that Faraday did not possess
. and negatively. charged cations and anions exist separately, whether in the
- “current was required to polarize the molecules, after which, by a series of

successive decompositions and recompositions, the anions (say, oxygen atoms)
- went in one direction and the cations (say, hydrogen atoms) went in the

* the electrodes, no further recombination could occur-and the free elements
+ -were ‘rendered’, to use Faraday’s word for it, at those places. To emphasize
- further that he Wlshed to particularize the solution boundaries adjacent to the

. electrodes as functionally different from the electrodes themselves, Faraday

.+ -wanted to distinguish them by specific terms: i.e. the anode and the cathode.
. The terms anode and cathode, ‘therefore, were not for him, as they have

become (by degenerauon of meaning) for us, merely synonyms for the
positive and negative clectrodes respectively: they were to represent, in the

of his 7th Series.(45); makes his meaning ‘clear

_ fo the history of science than to our present IJ.rmted tOpIC, a good account
<2 of it has been made by W, J. Harner (46). .
*" ‘Although the new terminology had been pubhshed both Faraday and

+ the general experience that it is casier to gain acceptance for 2 totally new
. term than it is to modify one already delivered. The following letter from

“Whewell records a suggestion, fortunately aboruve, to ehmmate ion Wlule
'-_'retazmng anion and cat:on. Fomy : : : , :

Whewe]l to Faraday (47)
Trin. Coll Cambndge
Dec. 3, 1834 o

My dear S:II,

and so did not come to see your devices on Monday which I wanted very

e appomted time;~a scientific truth of Whlch you have, I dare say, seen

B

- our twentieth-century concept of an electrolyte, according to which positively

“solid crystal or in aqueous solution. To Faraday, the passage of the.électric - -

other; when these atoms reached the boundaries of the solution adjacent to

= phase containing the electrolyte, the actual phase surface in contact with the = .
- electrodes. The above diagram,.the nght hand part of which isbased ona . .
-sketch inserted by Faraday in the margin of his own copy of the prmted versmn .

" The. subsequent evolution of the concept ofan electrolyte belongs rather |

Whewell at different times were. tempted to make later revisions, regardless of

I contrived: to get off for Cambndge by Slmday evenmg s ma:il '

~-much to do; but engagements must be kept and Jectures given at the -

b
!
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not pdssess - - the value before this time. If I had seen you 1 wanted to say a word in
hpositively - ; -~ connexion with what you intimated, that you did not like the word ion
ther it the - = ' as a general term for the two elements the anion and cation—or that your

the electric

‘readers did not ]Jke it. You may recollect that at first I mentioned this as

a series of - ‘a term which I was not satisfied with, If you think it worth while to
gen atoms) make the alteration, I would propose stechion ‘element” as a general term
sent in the which shall mean the anion and catlontogether The Greek term (orouyetov)
adjacent to- is the proper word for ‘element’, and occurs in our derivative stocéchefo-
¢ elements . metry, a word sometimes used in-chemical lterature; but the word
emphasize stechion, the proper English form of it, is not used, and therefore youmay .
cent to the " “introduce it in what sense you like. Moreover the derivation-of stechion’
s, Faraday il sufficiently harmonize with anion and cation, which it is to Put '
e cathode. *- . “ people in mind of; and so will keep them in their places.

they have Perhaps you will not think this suggestion of any importance. I do not
as for the . say it is of much; but as it occurred to me I have sent it you. Many‘
ent, in the thanks for your e:ghth series. =

t with the” .I - Be].leve me

A year Iater Whewell made another suggesnon for a revision of one of
the terms. ' : :

d aecourt
' oo Wheweﬂ to Faraday (4.8)
raday and . . Dec. 11, 1835 '
rardless of - 'My dear Sir,
tally new ' Ithink I told you that Iwasa httle d1ssat15ﬁed w1th the cation from its
tter from - resemblance to the common. termination of words which is made into
' cayshion in pronunciation. To-avoid this I would recommend putting

ion while
R ' two dots over the i, cation. Youmight also allow anion and jon in the same
way, but there is not the same reason for this, though it Would' prevent'
. your German translators from makmg your ions into jons as they do in
~~‘P0ggendorf I am desirous your terms.should be as unexceptlonable as
- possible because you say you intend to use them freely, and it is easy to
- see how important are the purposes to whlch you and your successors will
have to apply these terms . ...
Faraday followed this suggestion at once, as.can be seen in the 12 Decem-

g's maﬂ,

ated very -~ ber entry in his Diary (49), but he did not persist with the usage. :
en at the - Whewell added another correction in 1837 when, in his History af the

Inductwe Sciences he indicated h.ls preference for cathion (50): The amalog;r of

'l:
%

say, seen .
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 the Greek derivation requires cation; but to make the relation to cathode
- more obvious to the English reader, and to avoid a violation of the habits
of English pronunciation, I should prefer cathion.”
- Thenceforth Faraday used cathion consistently (51), and Whewell used
cathion. Other writers were, perhaps pardonably, confused: H. M. Noad,
FR.S. (52) wrote ion but omitted the diaeresis in anion and cation, which is a
* combination never put forth by Whewell. Even more confusion attended
- Faraday’s distinction of the anode from the positive electrode: Noad (1839),
- - wishing to emphasize the distinction still further, suggested anelectrode and
- cathelectrode for the positive and negative electrodes respectively; J. F. Daniell,
ER.S. suggested (1839) the terms zincode and platinode. Both these writers
- 'made it clear that their terms were not alternatives for anode and cathode:
" Daniell wrote (53): ‘the anode is that surface of the electrolyte. . . which is y
in contact with the zincode’.. The mistaken interpretation of zincode and
: platmode as alternatives for anode and cathode was, however, made almost at
.- once, and first, interestingly enough, by Whewell (1840) in a passage alrcady
- quoted (ref. 43). Alfred Smee, ER.S., writing soon after, was equally mis-
.+ .. leading: he wrote (54): ‘Dr Faraday, dmapprovmg of the names of poles, has
. .called the electro-negative the cathode; and Professor Daniell, disapproving
of both, has called it the plaunode._ G. W Francis (1846) in his Dictionary of
the Arts and Sciences (5 5) defiries anode: “The positive pole of a galvanic battery,
+ - as opposed to cathode the negative: The anode is called also the zincode” _
" What started as 2 mistake has how. become accepted usage, especially as
- ‘modern writers no longer need the original chstmctlon that Faraday deemed
" necessary R : : : —
Even greater confusion has been mtroduccd by attacbmg the terms anode
and cathode to the poles of a voltaic, or primary cell. Faraday certainly never
intended and almost certainly would never. have approvcd this usage. It has
~.led to endless trouble, as the: anode, which is positive in the electrolytic cell, -
is negative in the voltaic cell. There is, in fact, not only no real need today for
“the terms anode and cathode in the sense that Faraday intended, but also in
the sense in which they are now used. Simply to designate the poles of a
+voltaic cell-or the electrodes of an electrolytic cell as either positive or negative
+" would meet all present demands and clear away some quite un.necessary verbal '
Puzzles that now obscure the subject for 2 beginner.
+# Of the other terms, Noad found only electrode, electrolyze and electrolyte
o completely free from objection; Faraday himself, as we have seen, anticipated
% only little use for ion. A generation later Tyndall (56) observed: ‘All these
“terms [electrode, electrolysis, and electrolyte] have become current in
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* science. Faraday called the positive electrode the Anode, and the negauve one
‘the Cathede [this is not accurate as we have seen], but these terms, though

frequently used, have not enjoyed the same currency as the others. The terms

- Anion and Cation . . . and the term Jos . . . are'still less frequently employed.’

“The advent of the theory of electrolytic dissociation (1887) restored the

- importance of the terms anion, cation and ion, which were then identified exph-

citly as bodies having a real physical existence in solution. As much of this

 later work was done in Germany, the revived cation was transferred back to
its native country as kation. Writing in 1898, Silvanus Thompson noted (57):

“The words cathode and cation are now more usually spelled kathode and kation.”

Al variants, however, at least, in Britain and the United States, have
* long since been dropped in favour of the spelling as first given by Faraday in

1834. These words have also influenced later coinages of new terms: the

termination -on taken from ion was also adopted for eIectron thence for
. proton, neutron, photon and positron. :

Whewell continued to be Faraday’s sole adviser on all matters of nomen-

clature. On 12 October 1837, Faraday wrote to him (58): “While on words
I will merely mention. some other cases where they are wanting. Perhaps at -
‘some time they. may occur to-you. One is sadly wanted to replace current;

others-for Positive and Negative; and some terms are required to express direc-

" tion of the force or forces. Tf anode and cathode were to be received into use

perhaps they would serve as bases: but something still more general and
founded rather upon the word to be used instead of current would be better.
I hope I am not anmoying you with my fancies. If you feel fretted by me put -
my letter in the fire.

" Whewell was not at all ﬁetted as h18 reply indicates ( 59)

_Tri.n. Coﬂ., Camb;idgc,
_Oct. 14, 1837 e

My dear Sir, _
1 am always glad to hear of the progress of your researches, and
never -the less so because they require the fabrication of a new word
or'two. Such a coinage has always taken place at the great epochs of

discovery; like the medals that are strack at the beginning of anew reign:
—or rather like the change of currency produced by the accession of a
tew sovereign; for their value and mﬂuence consists in. the1r coming into

common circulation. : :
.. Tam not sure that I understand the views which you are at Present'
| brmgmg into shape sufficiently well to suggest any such terms as you
14
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think you want. [ think that if I could have a quarter of an hour’s talk
- with you I should probably be able to construct terms that would record
your new nhotions, so far as Icould be made to understand them, better
~ than I can by means of letters: for it is difficult without question and
discussion to catch the precise kind of relation which you want to express.
~...Ido not catch your objection to current, which appears to me to be
capable of jogging on very well from cathode to anode, or vice-versa. As
for positive and negative, I do not see why cathodic and anodic should not
.- be used, if they will do the service you want of them. - B
 The continuation of their correspondence takes up the. terms dielectric,
- _inductric, inducteous, diamagnetic and paramagnetic, Whewell also added a long
- and scholarly essay On the Language of Science to his Philosophy of the Inductive
" Sciences (1840), the pages assigned to it being kept ‘in a perfect foam of
7 unpronounceable Greek, Latin, and German technical terms, according to
" Sir John Herschel (60). This essay, which has not been reprinted since 1858,
“iw - deserves a twentieth-century airing (67): the subject has a new significance and
- the need for principles, as well as good taste, in the expansion of scientific
- terminology is urgent. Whewell’s essay, which is both the history and the

" philosophy-of the langiage of sciénce, is the first classic of its subject
In'this essay Whewell-suggested ‘some new: words, two of which have
~ met with such wide use (and abuse) ‘that they are sometimes assumed to
‘be Americanisms (62): they are, scientist and physicist. Faraday approved of the
© - former, but not of the latter; he wrote, 20 May 1840 (63): ‘I perceive also
. .another new and good word, the scientist. Now can you give us one for the
- French physicien? Physicist is both to my mouth and ears so awkward that I
think I shall never be able to use it. The equivalent of three separate sounds of
“i1n one word is too much.” Blackwood's Magazine (64) was more emphati-~
. cally disapproving: “The word physicist, where four sibilant consonants fizz
colikeasquibi Lt 0 e o
;.. Once in his later years Whevvell went to inspect the laying of a telegraph
.+ cable from England to Holland; he found the operator employed in testing,
- -as he was told, the conductivity- of the wire. The old clergyman was unusually -
“gratified at receiving this information: the word, he told the busy young man,
was one that he himself had recommended (65), and he was glad to learn
- that it had found its way into the working vocabulary of galvanism as an art
*(66). Today we can find many 2 word of Whewell’s invention deeply rooted
+ . in the international language of science, and proving even more useful now
. than when first originated; each one bears the stamp of its author’s scholar-
ship, literary skill, imagination and common sense.
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S o Notzs
(1) John Tyndall, Faraday-as a discoverer, London, 1868, p- 54.
{2) The Faraday-Whewell correspondence preserved at Trinity College Library consists of -
. 42 letters from Faraday to. Whewell, and 25 letters from Whewell to Faraday, The
letters from Faraday came into the posses§ion of the Library on Dr Whewell’s death.
The letters from Whewell were with Faraday’s papers, which passed inro the hands of
. Miss Jane Barnard, niece of Mrs Faraday. Miss Barnard left them by her will to Mr
* Blaikley, to be dealt with as he thought fir. Mr Blaikley considered Trinity College .
would be the appropriate home for the Whewell letters; they were presented by him
‘in August 1914 and January ro16, Not all Whewell’s letters to Faraday were in this
.-collection, however: two had been placed by Faraday himself in-an album that is now
© in the possession of the Royal Institution (see ref. 14): and two more, whose present .
. whereabouts are unknown to me, were printed in 1898 by S. P. Thompson, ref, 4.
(3) L. Todhunter, William Whewell, an account of his writings, with selections from. his literary -
.o and scientific correspondence, London, 1876, 1, 46 and 89; 2, 178-183. _ R
(4} 8. P. Thompson, Michael Faraday, his life and work, London, 1898, pp. 163-164 and
i Pp. 205-206. o " - . . o o
(s): Faraday's Diary, G. Bell and Sons, Ltd, London, 1932, 2, between 272-273.
{6) R. E.-Oesper and M. Speter, The Scientific Monihly, 45, 535-546 {r937) , .
{7) A slight sketch of the life of the late Whitlock Nicholl, MLD. Privately printed, London, .
11847, More accessible; though less extensive, is ' W. Mok, Rolf of the Royal College of
Physicians.of London, and. Edition, London, 1878, 3,-149-15T.. . .- P .
“he flow of clever nonsense. . Tn the autumn of 1833 Mrs Nicholl’s sister Caroline Hume
""" married her cousin Mr Hassard Hume Dodgson, and at a meeting ‘of the family that
* took place on that occasion Dr Nicholl became known to many of his wife's relations, - -
who ‘laughingly thanked Mrs Nicholl, for having brought among them so delightful
-~ acompanion.” Dr Nicholl and the Rev. Charles Dodgson, the brother of Mr Hassard
. Dodgson and the father of ‘Lewis Carroll’, thereafter became intimate friends: some of o
- their correspondence is to be found in ref. 7. This thread of kinship links two lovers
of verbal nonsense: the one, the author of technical terms in medicine and science;
the other—the author of Jabberwocky. '

(1816); Account of 2 case of defective powers to distinguish colours: Med. Chir. Soc.
. Trans. 9, 359-363 (1818); Remarks on a peculiar imperfection of vision with respect:
to colours. Thomson’s annals of philosophy, N.S.; 3, 128-127 (1822). . o
(10) . Trans. Assn. King's & Queen’s Coll. Phys. Ireland, 3, 177, 268 (1820). ‘
‘7. {xx) R. Appleyard, A sibute to Michael Faraday, London, 1931, p- 191 .
" {r2) Original in the Royal Society, P _
(13) Reference (7), pp. 112-113. The leteer is dated ‘Royal Institntion, January 23, 1839’
(14) Not previously published; original in the Royal Institution. Faraday compiled an album
" of engraved portraits of some of his more eminent correspondents, which he further
illustrated by inserting opposite to each one an autograph letter from the perscn
concerned. The portrait of Dr Nicholl in Faraday’s album. is a copy of the engraving
‘used as the frontispiece of reference {7), and is reproduced here, The portrait of Dr
Whewellin Faraday’s album is a lichograph copy of a drawing by E. U. Eddis, published
.. . in 1835, which is also reproduced here. o _ I .
(xs) M. Faraday, Experimental researches in electricity, London, 1839, 1, §60,
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(16) Ref 4, 116. Faraday’s original letter to P}ulhps is now in the Burndy Library, Norwa]k :
_ " Conn. See B, Dibner, Faraday discloses electro-maguet:c induction, New YorL 1940.
. (17) Ref. 15, I, §481.
*(18) Ibid, 1, §524.

. (79} Ibid., 1, §8465-471.
o {20) Ihid, 1, §§407-498. - - .
e (ZOA) Ampere had earlier expressed dlssamsfactmn with the term. pa]es and had substitdted

' - theaphores (péos, flow i.c. current - ddpos, bearing); but he did so for reasons of pure
"logic rather than because he had any new experimental facts to offer. The following
explanation of Amptre’s rcasomng is taken from A manual of electro dynamics, chiefly

 sranslated from the Manuel &’ lectr:crtédynamrque of J.F. Demonfermnd by_]ames Cummmg,
Cambridge, 1827, pp. 6-7. :

‘It has been usual to designate the opposite ends ofthe p]le and the wires attachcd

1o them, as its poles, which seems objectionable, both as an improper term in itself
- and as fornded uwpon false analogies. In Gcometry the poles of a circle are two

points in a line drawn perpendicular to its plane and passmg through its centre; the
word is used, with the same signification, in Astronomy, the poles of a planet being
merely the poles of its equator; hence the same pame ‘has beert given to those two
ends of a magnet which tumn towards the poles of the earth. But there can be
no such reason for applying this term to the extremities of a Voltaic pilé; and it

-~ would be attended with this anomaly, that in the case of a circular conductor, the
<. poles, being the points of exit and entrance of the current, would be two pointsin
wthe circle itself, and consequently very different from its geometrical poles. As =
~the attaching such different significations to the same word must, unavoidably,
" produce confusion and obscority in the cxplanatlon of the phenomena, Ampére

has proposed to avoid this inconvenience, by giving the name of Rheophores to the
two portions of conductors attached to the ends of the pile, when employed in
clectro-dynamics; in analogy with the term electrophorus, which has been similarly
applied in electrostatics. This expression will dherefore be adopted in this treatise;

. the positive rheophorus being that which, in the interrupted civenit, would exhibit
. the positive or vitreous electricity; and the negatwc that which is at the other
: extrermty of the pile,-

“The names of positive and neoatwe rheophorus are substituted for those of

" copper and znc, to avoid the CODﬁJS!OnVWth]J has arisen from designating the

ends of the pile by their respective metals: for, in consequence of the current being

- from the copper to the zinc, or vice-versd, accordingly as the series is terminated
by smgle or double plates, many English authors have used the expressions copper -
. and zing; as appllcd to the cxtrem.mes of the. Pﬂe, in asense exactly the reverse of the

continental writers.’

(21) The dxﬁculty posed by Faraday’s hand-wntmg has Ied to more than. one version of some
of these words. In Faraday’s Diary (ref. 5, pp. 183~184) the versions given are electrobeid
- and eisode as read by T. Martin. Bence-Jones, who had access to the Diaries for his Life
- and- letters of Faraday. (London, 1870) gave.electroleid and eisode, {op. cit. 2, 38).
Todhunter (ref. 3, 2, 179) gave eisode, read from Whewell’s hand-wntmg
" There is no obvious etymology for cisode.
(zz) Ref. 15, I, §667.
(23} Thid, 1, §283.
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(2.4) A bmgraphy of Wﬂhs, written by his ncphcw_[ Wﬂhs Clarl. is in the Dictionary of
o National Biography, 62, 21-23 (1900).

(25) Willis’s book is credited with having timed Ruskm s attention to architeceure, culmina-
ting in the writing of Stoties of Venice, 1851-53. Se¢ The Diaries of John Ruskin, Oxford
Umversu:y Press, 1956, I, 321. Also see Ruskins Works, ed. Cook and Wedder-

. burn, London, 1903, 8, xl, for én account of Ruskin's visit to Cambndge in
. 1851, where he was entertained by Whewell and Willis,
(26) Charles Lyell, Principles qf geology, ]oh.n Murray, Loadon, 1833, 3, 33- Lvells Hote

“idiom of our language. Thus we have Encenia, an maugural ceremeny, derived froméy
: - and raiwés, recens; and as examplcs of the conversion of ef into i, we have icosahedron,
~ +.+ + Thave been much indebted to my friend, the Rev. W. Whewell, for assisting
ST e in inventing and anglicizing these terms, and I sincerely wish that the numerous
- foreign diphthongs, barbarous terminations, and Latin plurals, which have been so
plentifully introduced of late years into our sciéntific language, had been avoided as
_successfully as they are by French Naturalists, and as they were by the carlier English
writers, when our language was more flexible than it is now. But while T commend
. the French for accommodating foreign terms to the structure of their own language,
.1 must confess that no naturalists have been more unscholarly in their -mode of
. fabricating Greek derivatives and compotmds, many of the latter bemg a bastard
inity v offspring of Greek and Latin’
- (27 W. Whewell, Architectural notes on German chrches, with femarks on the arigin of Gothic 7
: Architeciure. Cambridge, 1830 Pp. Xxxi-xxxiv,
(2.8) Ibid., pp. xocv-3cxvi.
{29) Ref. 3, 1, 307-308. .
(30) For biographital information sec Ref 3; also Mirs Stair Douglas, The life -and se[ertmns B
from the correspondence of William Whewell, Loridon, 1881; Leshie Stephen, Dictionary
of National Biography, 60, 454-463 {1809); J. Willis Ciark, Old friends at Cambrrdge
. and elsewhere, London, 1900, pp. 1-76.
(31) The Bridgewater Treatises were commissioned in 1830 by the President of the Royal
Society {Davies Gilbert), under the terms of the will of the Earl of Bridgewater, who
 bequeathed 2 fund for the production of a seties of treatites ‘on the Povier; Wisdom
.. and Goodness of God as manifested in the Creation’, The Treatises were the last serious
 effort to provide a direct teleological i interpretation of Nature.
(32 A M. Stoddart John Stuar: Blackie, London 1893, 2, 315,
“-(33) Ref. 6, p. 539; original in Tmuty College Library, - .
- (34) Faraday implies here that conduction of electricity through an eIectrolvtc can take place
without simultaneous electrolysis. This question later became the sub_]cct of a contro-
versy between Foucault and Buff (1853). Modern theory would not support Faraday’s
opinion: see A. J. Berry, From classical to modern chemistry, Cambridge University.
_ Press, 1954, pp. 59-60. -
(35) Ref. 3, 2, 177-181; Ref. 6, Pp. 540-542; oncrmalm Trinity College Library.
(36) Ref. 6, pp. s42-543: original in Trinity College Library,
(37) Ref. 3, 2, 181-183; Refl 5, PP- $43-544; original in Trinity College L:brary
{38) Not previously published: original in Trinity College Library.

) .
(39) Ref. 35, 2, between 272—273 Ref. 6, pp: S44-545; ongmal in the Royal Institurion
' lerary

E

on these words'is worth repnntmg ‘In. the terms Pliocene, Miocene, and Eocene, the . .
- Greek diphthongs ef and ai are changed into the vowels { and ¢, in canformity with the
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{40) Ref. 4, pp. 145-146 Rcf 6, p- 545} oncrmalanmty Collcgc lerary i

" (41) The meeting at Kensington refers to one of the Soirées of the Royal Society, he]d at
Kensingron Palace when FLR H. the Duke of Sussex was President of the Sodiery.
" The Soirée.of 1o May 1834, is historically noteworthy asthe occasion when G. B. Airy,
RR.S., was approached by the Duke of Sussex, on the part of the Government, about
tak.mg thc office of Astronomcr Ro'yal sec AJ:V 5 Am‘abragmphy, Cambndgc, 1896

" p- 103.

{42) Not previonsly published, ong:.nal in Tnmty College L1brary R

- {43) W, Whewell, The Philosophy qf the mductwe sc:erzces, London, 1840, X, XCV. " s

" {44) Ref. 135, I, §9661-663. :

{45) Ref. 4, p. 145, Fig. 12.

. (46) W. J. Hamer (ed.), The stmcfure of electmlync soiutwns, Wﬂey and Sons, New Yozk, N

S0 1950, pp.I-8,
- {47) Not previously pubhshcd ongmal in Tnmty Co]lcgc Library.
. (48) Not previously pubhsheri ongmal n Tn.mty Collcgc lerary

o {40) Ref. 5, 2, 410,

{s0) W. Whewell, Hrsrary af the md'uctwe saences, London 1837, 3, 166.

'(51) Sec for cxamplc, his collected edition of Exper:menfal researches in efectnaty, I,

London, 183
textual referen
indexed) in the’samé volume (e.g. §2650 of Feb. 1838).read cafhion.

which the Index (1839} reference s “cations or cathions’; although the

o (s2) Henry M. Noad, A course .of etght lectures“iont électrtafy, Cafvamsrrz, magnet:sm, " i

S . electro-magnetism, London; 1839, pp. 148-149.
o {s53) _T 'F. Daniell, An introduction to chemical phnlosaphy, London 1839, p 44.5 and 449,
" (s4) :Alfred Smce, Elements of electro-metallurgy, 2nd. edition, London, 1843, p.41. =
T {55) GOWL Francis, The d:ctwnary of thc’ arts, scieuces and ma;mf&ctures, London, I846 '_ -
. (56) Ref. 1, p. 55: . _ o .
(57) Ref. 4, p. 143. ' '
" . {s8) Not previously pubhshed ongmal in Tnmty Co].lege Library
* (59) Ref. 4, p. 205. . '
(60) Sir John E W, Hetschel Essays ﬁom the Edlrtbm;gk aﬂd Quartcrfy Rewews, London, 18 57,
P 254
B (61) “Whewell’s last revision of his Ecsay on the Ianguage qf sciertce Was puhhshcd asa portmn of
his Novum orgaron renovatum, London, 1858, pp.-257-370.
‘(62) ‘Scientist has often been branded as an “ignoble Americanism” or “a’ cheap and’ vulgar
- product of trans-Atlantic slang™. . . Whoever objects to such words as scientist on the:

- pleathat they are not correct Latin formatlons would have to blot out of his vécabulary - -

- such well-established words as suicide, telegram, botany, sotiology, trac.!ar:an, vegetarir,

facsimile and. orthopedic; but- then, ‘happily, people are not consistent.’ O, _}'esperscn,' ]

Growth and structure of the English language, Blackwell, Oxford, 1038, §12.1
{63) Not previously published; original in Trinity College lerary :

{64} Blackwood" sMagazme 1843, 54, 524 . :

ol (6s) See Ref. 43, p. cxiii: ‘Tt is quite intolerable w0 have words regularly formed in opposmon

- tothe analogy which their meaning offers; as when bodies are said to have conductibilizy -
Zor conduabrhty with reoard to heat. The bodlcs are coraductrve and thcu propertv %

o conductivity,”

y {66). The incident is related by thwdl ina lctter to] D. Forbes, 2 Augusc 1862 Rcf 1;

= 2,426

et v et e £

iven, which ante-date 18 337, show only cation. Later references (not






