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T he T h ree H um lrecl a nd Fifly-Scco nd Ord inary Genera l 
l\Iee ting o f the Instit u ti o n \\'as !J e lcl at th e 1 nstitu­
tio n o f Mecha n ical Eng ineers, Storey's Gate, \Vest­
m inster, o n T hursday eveni ng, N ovember 29th, 1 9 00 

- P rofesso r JOHN PE JWY, F .R S., Pres ident , in th e 
C hai r . 

Th e 111 inutcs o f th e O rd ina ry Gener<tl Meet ing held o n 
N o vem ber 22 ncl, I C) OO, were read a nd co nfirmed . 

T h e 11ames o f new canclicl ates fo r electi on into th e 
I nstitut io n were ann o un ced , and it was ord ered th at th ese 
nam es sho uld be su:;pcnclccl. 

T he fo ll o \\'ing trans fe rs were an no un ced as having been 
appro ved by the Counc il :-

F ro m th e c lass o f Associates to that of Associate 
Mem bers-

Th omas E rn est 1:-1 cr bcrt. 

Fro m the class of Students to tk1t o f Associates-

Jo lln F rank Aug uste Margct ts. 

l\fcss rs. ]. H. Johnso n and S. J. C lay were appo inted 
scru tin ecrs o f the ba ll o t for th e elec tio n o f new m em bers. 

A do nation to the L ibrary \\'as a nn o un ced as having 
bee n rece ived s in ce th e last mee ti ng from Societe Ano nyme 
Jo hn Cockerill, a nd to th e Buildin,~ Fuu d fro m Mr. James 
Kynoch, to wh o m th e thanks o f th e meeting wer e duly 
accorded. 

Th e PRESID ENT : 1 h ave to a nn o unce th at on th e r 8th o f 
D ecember a Recep ti o n will be IJ elcl at th e Covent Garden 
O pera H ouse, which has been m ost kindl y lent for the 

VO L. XXX. 9 
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The Th ree Hun d red and Fif ty-Fo urth Ordinary Genera l 
Meeting of th e Insti tu tio n was held at th e l n titu tion 
of Civi l Eng ineers, 25, G reat G orgc Street, \ \ \ •-. !­
minster, on T hursday C\-e nin g, Dec ·mbcr 13th , 19 o, 
Professo r JOli N P Ermv, F.RS., Presiden t, in th e ' I air. 

The min utes of th e Ordin a ry Genera l l\h :c tin g held on 
Dece mber 6th were read :1 ncl co nfirmed. 

Th e names of new ca ndi dates for elect io n into th 
Institu ti on were announced, and it was orckrecl tha t lhl'\ 
shoul d be suspend ed . 

The fo llowing transfers were ann o un ced as havin o b en 
approved hy th e Co un cil, \' iz. :-

From th e class o f Associates to that of l\ Iember -

ll arolcl \ \ ' illinm Couzens. 

From th e class of !\I em bers, :-\ o rlhcrn Soc idy f E ke · 
t ri cal Eng ineers, to that of 1\fembers, Instituti o n of Elec tn c\1 
E ngineers-

Llewell y n And rew. 

A do nati on to the Benevo lent F un d was ann un -cd ; " 
having been received since th e las t meeting fr m ?\I r. 
Augustus Stroh, to whom a vole o f th an ks was unanimous! · 
accorded. 

ON HAPID VAR IATI ONS IN T H E CU RRE , TT 
THROUGH T H E D m ECT-CU RRENT AR 

By V\T. D UDDELL, \Vh. Sc., Associate. 

It may be th ought by so me tha t the titl e o f th i::; paper 
is rath r co nt radictory in that th ere sho uld not b ' any 
vari ation in th e current th ro ug h a direct-c urrent a r . l 
will therefore exp lai n at o nce that l s imr ly usc the term 
"di rect current" as imp lying that th e current is supp li cl by 
cells or by a direct-curren t dynam o, a nd no t a imp! ing 
that th e current is necessa r ily constant in value . lt m ay 
also be as well to sta te th at by Arc I do no/ mean Arc L a 111j>, 
as all the effects to be descri bed are q uite apart fro m tl1 ' · 
produ ced by regul atin g mecha ni sms. 
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T he e ff c t o f varying th e current through th e clirect-
·un en t arc \·cry s lowly, so s lowl y in fact that th e carbons 

h;H·e time to burn into shape correspo ndin g to each va lu e 
r;[ h e current, ha · bee n inves ti gated by many experi­
mcn c rs , but it is to l\ fr s. Ayrto n 1 th a t th e h o no ur helo t1gs 
t>i giving a complete inves tigat io n o f all that occurs \Yhen 
anv of th e variables in th e direct-current arc arc chan ged in 
; 11 )· way. Th e o th er ex trem e, nam ely, v ry sudden cha nges 
j 11 he curren t, has a lso been investi gated hy l\frs. i\yrto n," 
th u -; 1 'aving a gap in th ' experimental e \·id cnc ·as to what 
occur!; between \·c ry s lo w variations and iso lat ed sudden 
c hanges in the current. 

T il , present paper is an attempt partl y to fill thi s gap hy 
gi\·ing an a count of what occurs wh en th e current is 
per iodica lly vaned m ore o r less raptc!ly over a ra nge winch 
: ~ \'e1·y -;ma ll compared with th e m ea n value o f th e direc t 

tlrren t. 
• h · cu tT ·nt thr ugh a dircct-curre tlt arc suppli ed with 

power from any circ uit may vary ei th er owin g to changes 
takin g place in th e c irc uit, s uch as variations in E .l\ I.F . 

111- rc~ista ncc , o r owing to cffec [:.; in the arc itse lf, s uch 
;

1
.., }Ji-,-,ing, humming . Although any variation in the 

curren t naturally entail s a correspo ndin g chan g in th e 
a 1 c ihelf, it will, [ think, be found conveni ent to c lassify 
th, observed effects according to w heth er th e primary cause 
of the variation is in th e arc or in the circuit which sup­

plies it. 

PART I. 

CAUSE OF TETE I'AIUATJON OF TilE CUJ?RENT I N THE 
m CUIT SUPPLYJN(; THF. A /~C . 

The eff<.: c ts of varyincr th e current m ay be clividccl under 
fo ur h eads, viz., th e effect on th e P.D. between th e terminals 
(){ th e arc, on the lig ht emitted, on th e shape of th e c raters, 
a nd o n th<.: vapour co lumn. Th ese will be considered in 
o rder. 1 shall assume in a ll cases in I art I. that th e amp li­
tu d e of variatio n of th e c urrent from th e m ea n is small, 
generally much less th an ro per cent., and that th e arc 
<.:x pe rimented on is ne ither hiss ing nor humming . 

' The Elutririan, vols. xxxiv., xxxv., and xxxvi. 
Tlte Elertricia11, 1l:l95, vol. xxxi v., pp. 471, 54 1. 
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EFFECT 0~ TilE P OT ENTI.\L DI F I·'E HE:-..'CE PfW D1 CED BY 

V AHIATI OXs OF Till~ Ct ' Imi~ :--JT . 

If the c urre nt vari es ve ry s lowly} th ·n th e rela tion 
be tween th e P.D. c urre nt and le ng th is th at g ive n by l\I r:-.. 
Ayrto n's c urves . Direct ly th e ra te o f va r iat io n is incr eased 
so that th e carbo ns have not tim e to burn in to sh ;tp ' } COl re­
spo nding with th e in sta n taneo us va lu e:-; of (h e c u1-r nt, the 
re la ti o 1t \\'ill be changed} and it is ·o ncc i\·able th a t if th e 
rate o f vari a ti o n were hig h e no ug h a ncl th e a lllpi itucl e sm;tll 
e no ug h} th e co nditi o ns o f th e arc wo ul d in no wa · be 
changed} so th a t th e ra t io o f th e c ha nge in P.D. t tb 
co rrespo ndin g ch a nge in CUlTCJtt} \\'OJJici be a co nsta nt a nd 
equal to th e tru e res is ta nce o f th e a rc. l sha ll s how la ter 
that thi s ass umpti o n} whi c h is th e bas i:-; o f several experi­
m e nts o n th e res istan ce o f th e a rc} notabl y th ose by l\Iessrs. 
Frith and l~o c.l ge rs ,' requires a mu h hi g h ·r rate o f vari a ti on 
o f cu1Te11t than th ey empl oyed . 

One of Mrs. Ayrto n' s c urves} contai ned in a let ter b: 
Pro f. Ayrton to Th e D ec/ ricio 11 / iII ustrates very w ell h O\\ 
th e co nn ect io n be twee n th e P.D. and c urre nt d ep n d'> on 
th e rate of variati o n of th e latte r. Thi s c urve sh o ws that 
th e jirsl effect o f s11dde11lv i11 crmsi11g /li e c11 rreu / thro ug h a 
cored-so li d arc 3 is to cau se a lm11sie11/ rise i11 the P.n. 
between the termina ls ; th e effect o f a slo't(' in cn:osc t''f 

wnc11t b eing , as is w ell kn own} to produ ce a rlccrM ·e i11 the 
P.D. This Erst trans ient ri se in th e P .D. whi c h w as obta i1 H.:d 
with a cored-so lid arc} was a lso} 1 beli eve} o bta in ed with a 
cored arc} but l am un aware of its having bee n o bserved fur 
a so lid a rc. 

T l1inking that thi s mi ght be du e} as po inted out b · 
Prof. Ayrton} to the extre m e qui ckn ess of th e ph en o m n on 
wh en uollt carbo ns were so lid, I tri ed to reco rd th e tra n s i ·n t 
ri se in P.D. for th e so lid arc by m ean s o f an oscill ogra ph, 
th e suclcl en in crease o f the c urre nt be ing o bta in ed by d is­
cha rg in g a conde nser thro ug h th e a rc. Thi s exp e riment 
was successfu l} and a tra nsie nt ri se in P.D. was o bserved, 
the P.D. aud wrreut iucreosi11g togetli er} u11t only fo r abo11f 

' l'roccedi11gs of lht Physical Society , 1896, vo l. xiv., p. 307. 
o T he Electricia11, 1896, vol. xxxv ii ., p. 32 r. 
3 " So lid ,"" solid -cored " and "cored " a rc mc;tn , rcspccl ivcly, ;t rc hcl\\'ccn 

two soli d C;trbons, bd wcen one solid ;tnd cored, and between two cot·ect car­
bons ; th e top or + eleclrocle being always placed first. 
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.~ 1 l110 ,cu)lu{ . At the e nd of 
decreased with an inc rease 

, ' ' '1' ,\!~C. 
01 R8C'l' - ClJI~IH- •' 

·t titllC th e p,J). 
th is very slt o t. the ordinary 
of c urrent 111 

. ·ay. . 1 ·econ cl the 
If it can be as~umeclthatduringthts firs l .;11 '1'' :->] ' ! ·trc has 

I th e so IC • 
c und1ti ns of the arc are not c hanged, l Jell 11. in ecl by 
a l)o-. itive r esis tance, contrary to th e results 

0 
J '1t t t]nl 

. . . ··tlc e \ ' I C e n ' ' 
. I . -, r . Fnth and J~odgers, and It IS at any 1' . r current 

[ l l 
. . 1 .11ternali11g 

1 - c1 the ft·ey ue ncy o 1e 1t· s upemnposec ' tl . s ig n , . sec Je 
l,e ·n :::: ooo rv per ~ec . in s tead o f 2$0 (\.) pel ., ·] . ll ''"cl _, I I I ' l \ ' C c 1cl ;-,'- I 

1;[ t h e res is tan ce as obtained by them w o u c 
1
' ·t . 'tl ·LI'' 

f ' ll C)' l :-, "' 
hough 1 clo not say that e \·e n at that requ c 1 1 for . . y met 1oc 

v·tlue "·ou lcl ha\'C b~e n obt;un ed. l11 .ul 1. 11 • . . .1 ·ell clepe nc s o 
tlH:;a-, ucing th e res istan ce o f lh · so l1cl arc\\ 11 

1 tl , . , 
· }l"Cl angcint he P.D.procluce ·] b)r achangeofcurren, H.:~c ..... · . , 1 sec. 1 n 
changes tnus t, th erefore, take place tn les t]J.Ltl .-,out~ . It · t 

t II tl I
. . t lnn•re · res u s o 

order not o a ow 1e arc co ne tlton s o c • o ' 

1 e de cribcd later indi cate a still shorter ti111 e. . , . , . . 1 
I wi ll n o t, h owever, pur ·ue thi s s ubj ect any futlhc l , .ts 

1 

\ ould undu ly extend th e len rr th of this paper to in clue!~ a 
· tJ ' rCSIS-

tlcs ription o f a complete ser ies o f expenme n b on lC 

t;111 of th · arc which [ h ;w e recently completed. 

E H· c. 'f 0 . TilE LtUIIT E~JITTED I'IWDUCED BY \' ,\1?1.\­

TIONS OF TilE CU IWENT. 

1 t i~ \\e ll known that th e lig ht o f the arc vari t:s w he n t.hc 
e 11 r rent i'> c hanged, thoug h h ow small and rapid th e vana­
tJo n in c urre nt may be and yet produce a pc rc~ plibl e 
change in th e li g ht d oe:; n o t seem to have bee n investigated. 
Professor Fle ming and l\Ir. P elavc l ' and i\Ir. Burnie~ ha\·e 
determined lit e ins lantan eo u::, va lue::, o f th e li g ht and c urre nt 
1r1 t h case o f allcrnatc-c urre nt arc , and have fo und th at 
th e variation in light ro ug hly foli o \\':; th e \ 'a riali o n o f th e 
c u r rent ; the maximum lumino u:; intens ity occurring 
abou t 10\ 10 sec . later than th e maximum current. Herr 
CJ o rges 3 has a lso noticed that th e variations in the current 
rlu c to th.e teeth on. the annature of a dynamo produced 
an a pprec1able vana l1on in the light at th e rate of 300 p er 
-.ccond. 

~ ~~oce~di':cs.o.('tllc Physiwt So, i.:t;•, l ~!JU, \'vi. xi v., p. 115. 
w Elet lnaan , 1897 , vol. xxxix. p. 8 9 3 Elcctrotcdt~~ischc Zcituhri r1 1 Ht)-' v111

4 
.' .· - " 

\
. .1'' ::J, ' X\ 1., p, :> ~ '' · 
U L. XXX. l6 
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In order to tes t h ow rapid and h ow small a variati n L f 
th e current from th e m ean co uld be detected in th e light of 
th e direct-curren t arc, I arranged an arc so th at it · imag · 
as seen thro ugh a ce ntral s lit parall e l to th e ca rbon · w .t--­
projected on to a rapidl y fallin g pho tographi c plate , tht: 
insta nta neo us value of the c urre n t being recorded si m ul­
tan eo u ·lyon th e same plate by means of an oscillograph. 
The small quick variatio ns o f th e c urrent thro ug h th ' arc 
were produ ced by passi ng the osc illatory disch ar«e o ( a ·on­
denser in seri es with a st:lf-i nclucti o n throug h it, so th a t tlw 
arc c urrent co nsis ted of a large CO tl s tant part on whtch ' .1 .... 

superimposed a s mall ripple whi ch d ied away after , t fc:w 
oscillatio ns. 

By this md lwcl I ·lin d that in an 8-am1x :re solid ,trc 
a distin ct vrrri({ /ivn is prodn ccd i11 !ftc lij!./11 Cllliltcd by bJih 
th e + crrr /er an t! !Ir e '<'a fl onr co lr11nn 'IC' !r cn th e Ollrjlli!ruh· ,•t 
!Ire variation of !Ire current jrv 111 !Ire urca rr is ouly 3 per Ct'rrf. 
aud th e JrcqJt eucy of th ese suj>eriurj>oscd 7'rrriolivns is rT .~ far~ · 

as 4,300 (\J per sec. At thi s frequ ency th • Yariation 111 

light became indis ting ui shab le \\·hen th e amp li tud e o f th · 
variatio n of the direct current was redu ced to 2 p •r 'en t. 

Owing to th e diffl cul ty in es timating th e po in :-- u t 

maxi mum density in th e band o n th e plate wh ich r '['tl'­
sents th e li g ht emit!ecl in co nseque nce o f th e smalln ~-;-. ,11 
th e va riatio n o f the c urrent a nd therefore of th e ligh t, I 
was unable to be ce rtain whether th e maximum lig ht l.tg-.. 
behind the maximum current; 1but if it does, ih Jag i,., 
very slig ht, no t exceeding J u0ou sec . for an ~ktmper ' solid 
arc. 

lt must be remembered thai Ut e above variations of l i• h t 
are those o f th e actini c rays whi ch affect th e ph o tograpl1 iL· 
plate ; the vis ua l rays will probab ly vary in a s imilar manne1, 
thou·gh possibly n ot to th e same extent. 

EFFECT 0:-.! THE Cl{i\TEHS PJWD UCED BY V i \I{IATI ?-\ • l I·' 

T ilE C u nRENT. 

Mrs. Ayrto n tell s m e th a t s he no ti ced th a i th e \·ari a tiun :-­
in the cutTeni used by l\I ·ssrs. Frith and l~uclg Ts, \\ !11 
sup erimposed an alternatit1g current o f o·s to 1·o a mpcrl' 
R.M.S. value, at freq uency of roo (\) p er sec. o n a 1 o~ 
ampere direct-current arc, so altered the sl1apc o f th e e nds 
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of h e carbo ns th a t she co uld ea':> il y di s tin g ui sh th em fr o m 
no r m a l carbo ns fo rmed with o ut any var iati o n in th e current. 
I frncl tha.t if th e super imposed alternat ing curre nt be reduced 
to o· r ampere und er th e same co nditi o ns, th e ends o f th e 
carbons appear un affected. 

E I·I· r.;c·r o:-: T il E VAPOU I~ Cou·M:-: l'rWDl ' C I ~ u BY V .\1{1.\ · 
TIO i\S O F T il E Cl "JWENT. 

'o rrc~poncli11g \\'ith cach valuc o f th e c utTClll th ro ug h 
th c arc there is pro babl y a ddlni tc c ross-sect io 11 o f the 
, -, 1puur c o lum n, so that if th e c urrent \'aries rapidl y 
tlu '>ug h a n arc o f li xccl length, th e \'Oiume o f the vapo ur 
\\i ll a ls o vary and so uncl-wa\·es will be g iven o ut. This, I 
be lieve, is th e generall y accepted cx pla11ation of ll w hum-
n i11g of t h · alternate-c urre nt ;trc. 

r11 th e ca,;e o f th e clirect-currc nt arc, so un ds arc abo 
emt tte d e ve n wh en th e var iati o 11 s in th e curre nt a rc Ycry 
•!tgl! L F or exampl e, th e var iati on o f currep t ca used by th e 
ccJm1nutator segmen ts of a direct-current dynamo pass ing 
u ncle! the brushes ca1 1 be hea rd in th e arc . This \·ariation 
o f th c ·urrent caused by th e comm utato r segments, c\·cn 
wb .11 in aoocl co nditi o n, was fo und by l\l essrs. Frith a nd 
H.uclger" 1 in th e case of a 5 le w. two-pole machin e to \'ary 
hetween 2.5 a nd 9 per ce nt. o f th e mea n c urrent acco rding 
t< , t h <; po<; ition of the brushes. 

Another striking example of how se nsitive th e arc is to 
-, mall ~·ariations in th e current is furnished by th e fact that a 

' ehn cll interrupter, working an indu c ti o n co il o n th e 
chrect-current s treet mains, wi ll cause any arc suppli ed by 
the ->a me mains to g ivc out th e same n oise as th c interrupter 
ihe l , even when a considerable di stance intervenes between 
the pia ·e where th e arc is conn ected with th e mains, and 
,·hcrc the int 'JT uptcr and co il arc jo i11 ecl on, as o bscrvccl by 
J I err S in1o n,Z l\Irs. Ayrtun, and Mr. Jervis Smith .J 

It must be clearly understood that th e arcs here referred 
to a re n ormal silent arcs ; that is, if th ey were suppli e 1 with 

' l 'roccctlings of t!tc J'llysillll Soody, 18<./J, ,·u l. xiv., J' . 307 . 
• Annale" der l'!tysik llllll dcr Clumic, I8')8, \"Oi. lxiv. , p . 2 .).) . 
l T he E ledrician, I H')'), vo l. x li v ., p. i (J. 



~ - . 

238 Dl DDC:LL : I"i! .\ PII) \'.\1~ 1.\TI O:\'S It\ ( DL . 1'' 

a reall y steady current th ey ,,·o uld have bee n pra ·tic, lly 
s il en L' 

In order to determine ,,·hat variatio n in th e curr Jni ' ·, _ 
necessary to cause th e arc to emit a clear ly a udi b le n o te, h~. 
current fro m a hi g h-freq ue ncy a lternato r, kindl y le nt l y S r 
D. Salomons, was s uperimpo ·eel o n th e direct c u rrent by he 
m eth od show n in Fig . I. Th e current fro m th e alternato· 
passes thro ug h a condenser F , a dynam o meter D, a n d thL 
arc in ser ie · ; and it is pract ica ll y prevent ·d from flo ,· i n-! 
throug h th e cel ls w h ich suppl y the arc by th e self-inclu ciwn 
L. The direct c urrent is preve nted fro m Oo ,,·ing throu!_!L 
th e alkrnato r by th e co ndense r F . 

...,... 
' ., 
I 
I 
I 
I 
I 
I 
I 

' I 
I 

--L-

1:--------------------------~ 
Ft r:. '· 

Arc 

It \\'as fo und by thi s m ea ns that a 10-ampere dl!L' ll 

current, so lid o r cored arc, leng th 3 to 5 mm ., \\'Ould 
produce a di stinct no t· e\·en if as s mall a R l\J. ,' . c urrl'n t 
;ts 1 o1r" 1 ampere, as mcas11recl hy D, \\'as s uperimposed lll 

the direct current for fr equciJCies of th e; added CUlT ·n t iro111 
a few JJunclred up tu ~ . ooo rv per second. Thu ' ' <'17 1'1<1 -

lioll of the order of I port i11 ro,ooo f rolll tlu; 11/ Ctlll c11 rn nf 

will alter ll1 e '<'opollr col""'" sll/}i cielltly tv prod/I cc S t1 uul­
wa?•cs. 

Furth er experim ents with anoth er alternator and H.l\J. ,~. 
s uperimposed currents o f ._}

0 
to 1

1
0 ampere on a ro-amp r 

so ltd arc, pron~d that the so u nel s on! y becam e inaudi ble .t l 
frequ encies approaching 3u,ooo 1\.J per ::;cco11d . 

. ' ,\ bholu lt: si leucc is almo; t impos&ihlc, a ~ I he least want of hom o_!:!en c.:il 
or llnpul'l (y 111 the c.:k:drod c.:s , causes ~m : il l spi h and sounds. 
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A th ese freque nc ies l a m un certain ~\'h e th e r th e :1rc h ad 
n::a ll l t a i\:C a no te, as th e car fatl s to d e tect so u nds y ceasec o o 

• !J' s.o hi ct h a pitc h. 
Thi c; se n s ibility o f the a rc fo r \'c ry small ch a nges in its 

cunc..: tt t e xplain -; the f:tc! _th a t .':o t <~ n l y ca n rapi d \'ar ia ti ns 
r,t· c t · ttl )' c trc llll supplt ed ft o m the sa m e <>e nera to r ut-re n 111 ; . . c ' 
" the a rc h e h eard in the a rc, bt tt a lso \':trt a ti o ns o f c urre nt 
w l ich occur itl a to ta ll y tnclepcncl c_nt c trc uit s tq p lied by a 
epat·a tc ge nerato r ca tl h~ cl : t~ct.cc_l tn th e arc cl ue to mutu al 

11 I . [ t \'C" n the (\\ 0 Cit CUt tS. c u · to n e \ " 

r\ l~C AS ,\ T E LEI' II O:-.: E RECE I\' E l~ . 

T h e fact that the a rc is se ns iti ve to suc h small variati ns 

Arc B 

+ 

: 11 t h e c u 1-r nt a nd over such a wid e ra nge o f freq ue ncy, at 
cm ce s ugges ts th a t th e direct-curre nt arc mi ght be used as a 
te leph o n e rece iver. Th is su .~gesti o tl 1 \\'h ich was m ade in a 
k·aclcr o f Tlt c Elcclricirllt in 18 9, h ad a lread y bee n carri ed 
ou t b y H. Si m o n' in 1898. 

The m eth od used b y H. S imo n f r sup erimposin g a 
m i r o phone c urre n t o n th e main arc c urre nt is sh o wn in 
l' tg . 2 , in w hi ch A a nd B a rc l\\·o o il s h av in <r mutual incluc­
tto n , and -1 th e mi cro ph o ne . Th e c urre nt thro ug h A vari es 
w h ·n ~I is spo ke n into a nd indu ces E.~I.F .' s in B, whi ch 
'\."ary th e c utT •n t thro ug h th ' arc in s uch a way that it 
rep r d uces ·o unds and eve n speech di stin c tly . 

' rlnnal~n d1• r 1'/,y sil.- und da Cheut i,·, t8C)8 , \ 'Il l. lxi\·. , p . 23~ . 
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The variation o f th e curre nt thro ug h th e ar oblainccllw 
th i · m e th o I is not as large as it might be, as the E.M.F.' 
indu ced in B ha,·c to se ne! c urre nts round th e \\'h le arc 
c irc uit, in cluding any stead y ing resi s tar1 cco;, and also th rough 
the se lf- indu c ti o n in th e armature, if a dynamo is u:-;ecl , 
in ·tcad of o nly throug h th e arc wh ere th e varying current.., 
arc actuall y req u ired. I have o btain ed a belt •r resu lt lw 
replac ing the alternator o f Fig. 1 with a mi crophou · and 
mutual indu c ti o n as sho wn in Fig . 3· and B are the 
two co il s o f a mut ua l induction, Fa co nde nser o f ab ut ( \\'O 

or three mi cro farads, and La hig h se lf- inclu ·lio n, th ObJect 
o f th e sel f-indu c ti o n bei ng to pre , ·ent th e mi roph r IlL 
c urre nts no ,Ying ro und th e cell s in s tead of through th L' 
arc. 

\Vith th is arrangem en t a nd s uitab le arc co nditi ons, to lw 
expl:t in ecl later, /!1 c ore 'li• i/1 sf> ('(( k su[licicully loudly tllli 

clmrlv to be lu:o rd nl rt dis/ou re o.f J o to 12 feel iu o i) lltd 

roo 111 . [ Experim ent. ]' T h e so und-wayes given o ut b th e ,trc 
are, th e refore, of s uch a n intens ity that when th e cncrcry i .... 
sp read o ,·er a s ph erical surface of 20 feet di ameter, the ear 
placed a t any point can hea r speech di stinctl y. It see m..; 
probabl e that if a ll the e nergy avai lable could be o llecte·l 
and concentrated on th e car, yery powerful sound-se nsation 
m ig h t b e produced . 

T he lo udness o f the so u nd s g iven o u t by th e ar i.; 
increased hy leng th ening th e a rc, a~ th is in c rease-; thL' 
vo lume of the vapo ur column wh ich e mi ts th e s und..;. 
It wou ld a lso seem as if increasing th e main c urrent 
whi ch in c reases th e cross-sect ion of th e a rc sh o uld al -;(1 
he be ne ficia l, but ex peri m e nta l! y I have not f o u ncl 

' ~OT E (t~ddcd ~;chruu ry rsl , 190 1).-A' I ha ve had ~e\· ..; r: ll inquiri ., fr<Hll 
<.:xpenmenters wrshtng to repeat !hi s experi m enl , I app<.:nd som • dat:~ ol the• 
apparatus actually used :~t lhe mcetin" . 
. The microph one I\1 was suppli ed by !he 7\:t!i onal T elephone Compan y ami 
ml<.:ncled for long-cltstan ce tran smiss ion, two accumulators being u,;ed i n s..: rie' 
with it. The mutual indue! ion A: 13 consist<.:d of a soleno id 10 ems. lc•ng 
wound wilh :~bout 1,200 turns of No. 18 D .S.C. wire in six sectio.ns having ,\n 
iron w ire core about 15 mm. d iameter. Diameter of so len id over w incl ing 
= 54 mm. For the experiments 3 section s = 6oo turns were us<.:cl for A , :1 1HI 
two sectr ons = 400 turn s for B . 

Resista?ce of A = 1·52, of B = 1."53 ohms. Mutual induction 25·3 x r.u ' 
hclll ys. Cored carbons were used tn th e arc, the other data bemg th ose grvcn 
above . 

li a sui table mutual induction A : 13 is not available a self- ind uct ion m:1 · he 
used,. by connect ing the leads from the mic:ro ph one an d ce ll s to th e te r mina l 
of B tnstc.td of those ofi A, B being now si mp! a coil having high · c l f-ipctn~­
(r on and I w resistance, 

I 

' 
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rrenerall y 
, 11 T app reciahk ga in . T he best results h aYC n npcres, 
b -en obtained with a current of ro to I 2 ~tl 

20 
to 

'arbons r r to q mm., and an arc length 0 

; JO.l 

10 n11TL . . ssarv to 
To o bta in th se lo ng le ngths with ease, tt ts n ee~ ~{u~ ing 

, ·e o r ed a rbo ns r some o ther m eans of tnt.' 0 
. ,to 

, . 1 It [ t . l sodtttnl, '' for ·ign bod1es, su_c 1 as sa s o po ass tum an c. · . . of the 
1,
1
c· a r , fo r tit er 1s not m uch d oubt th at the stabdlty , 1 rescncc 

a rc between ordi nary cored carbons is du e to t 1e P \· . f. ) 
r>f potassi u m. s ili cate in th e core.r (Sec also Appcnc IX 

1 . t l c c·trbons 
The -, <,a lt · m~y be introdu ed eit her by soa;: tng 1 

. ' Jervis 

111 their solutJ n ·, < r by us1ng th em as cort.:'S . Mt · . 

-r-
1 
I 

--

R L 

A Arc. 

Ft Ci . J . 

.' tni th has recommended the insulato r glass as a core, whi ch 
find works ,,·ell. 

H AS A TE!.E PII O J'\ 1•: T I~A NSM I TT I ~ I ~ . 

B efo re leaving the subj ect o f the use of the arc as a 
k lep h o nc, it wi ll be o nveni ent t< > co n:-; icler its usc as a 
t •lepho n lrn nsntillcr, though th is subj ect str ictly bclo nrr:-; to 
Part [I. o f this paper. 

II . S imon found th at if he replaced his mi crophone in 
F1g. 2 by a teleph o ne receiver, rr nv sonnds 111adc ncar lite 
arc 11 ·ere !t en nl in I ft c rccci••cr. In t l~ is case, as before, l fmc.! 

. ' . Sec Ducldcll and .l\ [ar chant, / ', oaedi11gs of tit,• ./mtitution of E latrit'al 
l ;ng_weers, 1899, v<) l. XX VII I. , p. 66; Bloncl e l, /nterllaliolla l Collf:l't!SS ofE!u trio'f)l, 
l an s, I<)OO, 
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it preferable to modify his m e th od by connecting th • 
recei\'er in seri es with a condenser heh\·cen th e terminals o f 
the arc, as in Fig. + 

so und-w;w c st rikin g th e arc may affect il in t\\ o ways, 
eit her by vibrating th e arc as a whol e an d \':t ryi ng its length , 
o r lh e waves of condensation and rarcfa ·tion 111ay all ·r th e 
c ross-section o f th e arc: both of these ff ·cts wil l tend to 
a lter the apparent r ',.; istan ce o f th e ar ·,and hence \'ary the 
c urrent throttgh it. 

The so und s obta in ed in th e te lepho ne r ceiver wh ' 11 

tt s ing the direct-c ur rent arc as a tran smitter arc not genera ll y 
ve ry sat isfacto ry, a,.;, besides not be ing very loud, the' a re 
obscm eci by th e extrane011S so und s clu e to th e sma ll s pi t · 
and hi sses wh ich occur tn th e a rc each tim · th e air gets t 

R L 

-r-
1 

F 
Arc. 

]• J(; , .j. 

th e + crater clu e to any s light defect in th e carbo ns. Tf a 
co mm o n pair o f carbon s be used co ntaining cracks and 
impuriti es, th e noise in th e receiver is som etim es unbeara ble, 
although there is no o utside so urce o f di s turban ce of th e 
current thro ug h th e c ircuit. 

In a ll experiments on th e arc as a telepho ne tran s m it! ' r 
or rece iver, it is esse ntial that th e current generato r sho ul d 
be free from rapid va ri ations, o r ex tran eous so und s will b · 
produced. If a dynamo has to be used, then th e vari ations 
o f th • current produ ced by th e commutato r segm ent. m ay 
he minimi sed by in serting a large self-inductio n in seri ·s 
with th e arc, as in Figs. r, 3, and 4 · Thi s sclf-indu t io n 
erves the double purpose of keeping extran eous va ri <1 ti on" 
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:\l ean P .O. = 38 ,·olt; . :'II<::~n Current = ~2·3 ampere:: . 
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f t h e current Ollt of th e arc, and of preventi ng the varia-
1 ions we desire to obs r\'e from being di ss ipated in the 
o..;o u rce or s upp ly. 

Thus we see that llw dircct-currcut arc is uot oulv r•. rtrclll clv . -
c n siti1•c !c1 S lll{f/1 <•rt rintious in its cu rrent of ol111os/ nnv frc­

•fllt.? ll C_\', b11f nlso !llfl! it is r~Oi·c tcrl by snc!t Sill((// chnii,!!,Cs of 
(·l! f -; idl' condilious rt s souud-7\•rr<•cs f'rodu cc. \Vil tl1 cr thi s 
... c;:n-; ihil ity can b ' turn ed to usef ul account in te legraphy or 
tel<:p h o n y rcm.a ins for future experim ent to dec ide. 

PA In' IT. 

CURNEN T CAUSE D TO VA RV BV THE ANC. 

H UM l\TlNG. 

l\fr. Trotte r 1 d iscovered that th e dire t-current hu mmi ng 
;u-c 1 otates, including a coma-like appearance at th e + 
crat r, and h e also found that th e current through th e arc 
·aricd periodically, the frequ ency o f th ese variat ions being 

tl _c sam e as th e pitch of th e humming sound prod uced, and 
a.., the speed of rotati o n of th e arc . 

I t order furth er to investigate th e co nn ection between 
h variation of th e li ght P.D. and the current, I h;w e 

rec orded th P.D. and current by means of an oscill ograph, 
t h e h umming arc experi mented o n being used as th so urce 

0 l igh t to illuminate the oscillograp h mirrors. The arc was 
.so in clined that o nl y th e light from th e + crater and a small 
part o f th e vapour column reached th e mirrors. So that th e 
density at any point o f th e lines represents th e photograph ic 
1 t ensi ty f th e li ght emitted at that instant in th e d irect io n 
of th e mirro rs by the + crater and part of th e vapo ur 
column, and th e di stance of th e point from thi s zero line 

111easures th e P.D. o r the current as the case may be.'! 
typica l example of the variati ons observed in the hum-

111illg arc i-; g iven in Fig . 5, fr om whi ·h it will be see n th at 
t !1e P.D. current and li ght emitted in a fi xed direction vary 
i ll a regular periodic manner with th e same freq uency. 

Th e var iati on of th e current, whi ch is abo ut 6 per cent. 

' Tltr E!cdririan , 1894, vo l. xxx iii. , p. 2!)H. 
' I n F igs. 5, 6, and 7. t he centre line i,; not til e ~e rn l ine, hut rcprc~e n ( s 

,r, <l ll lJ>C rC ' al!d 40 \'(l i b ; , 



24.-1 DI'DDET.L : R\P ID VAlnATT O"' S l N 

from th e mean, is not s u fficie nt to account fo r th e large 
variation in th e light emitted in th e direct io n o f th e mi rror~. 

This peri odic variati o n of the l ig h t is most pro bably du e tn 

the fact that the arc ro tates so that th e + c rate r a lt ~rn, tel 
e ith er suppli es li ght to th e osci ll ograp h mirrors, o r is pre­
\'entecl from cl o i11 g so by bein g on th e o th er s ide o f th l' + 
carbo n . Th e p ri ocl ic time o f th e variati ons of th e light 
will, of co urse, be unaffec ted by a change in th e p os ition 
fro m whi ch the arc is o bse rved, but th e tim es at whi ch th e 
light m ax ima occ ur rel at ive ly to th e tim es at whi ' h th l' 
c urrent is a max imum will de pend o n thi s position. 

Titu s hcs idt:s lite rolo/ion o.f lite flltlltlltiu.~ arc al/{l tft,· 
71rtrirtliou of !ftc curn:nl obscn•crl hy Mr. Troller, I jt/1{ { I !t at !lit' 
lig!tl nud fJ .n . 1'fll )' '''t'f lt t!tc sa111 c frcqu cucy, so //t((/ iu the 
hulllllliu.~ a rc lit e frcqucucics of !ftc rolalio11 of lit e arc, out! ,~/ 

lite 7'nrialio ll · iu lit e P.!J. currcul , a llllfi,f!, lt/ Clllill l'! l i11 a /fl <CII 

tlircc!ioll , arc iden!iw l w il!t lit e pi!c!t of lit e uo/c gi;•cu out . 

HI SS ING. 

It h as been shown by Messrs. Frith and Rodge rs r a nd 
hy 1\Iess rs. Dudclell and 1\Iarchant," that wh n a direct­
c urrent arc suppli ed fro m a constant so urce hi ss -;

1 
th e 

current thro ug h it a nd th e P.D. betwee n its terminab va n 
rap idl y ; and M. Blondel3 and Mr. Brown4 h ave also fnu n~l 
that the light emitted vari es. 

If th e c urrent through the humm ing arc b ' ncreascd 
until the arc hi sses, th e variatio ns in P.D., curre n t, and ligh t 
change, I find , in a most strikin g manner from th e regula r 
peri odic varia tio ns of Fig. 5 to the very irregul ar vari atio n. 
shown in Figs. 6 a nd 7· 

In spite o f the very irregul ar na ture of th e variatiom;, 
whi ch irreg ul arity is no t surpri s ing in vi ew o f Mrs. yrt n 's 
explanation of th e cause o f hi s.- ing g ive n b efore thi s r nsti­
tuti o n last year, I think th at th ey ca n b e separated i11to h\' <) 

kinds, a large co mpa ratively s low varia tion, and a rapid 
superimposed o ne. Th e light g iven o ut is altc rna telv 
bright, with rap id variations in intens ity1 a to b Fig. (;, 
anc.J du ll with hardl y a ny variat ions, b to c ; th e s l \\' varia-

' l'roceedin,E{s of the l'!t;•siml Sot"iety, 1896, vo l. x i\' ., p. ]20. 
" J o11rnnl of the fmtit11tion of Eled rical En,[jin,•,·rs, r8QC), \ 'O i. Xx\·iii ., p. 81•. 
3 La f..ttllti~rc Eledriq11c, 1tl92, vol. x i iii ., p. 5+ 
4 Ph;tsiml R eview, 1ti98, vol. v ii., p 210. 
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i< n o f th e lig ht correspondin g with th e la rger \'ariati o n o f 
he curr e nt : th e m axi mum l i .~hl ;mel current cl o not, ho \\'-

1'\·e r·, occu r· si multaneo usly. 
I n ie\\' of th e explanation g iven in the case o f th e hum-

1n1 ng arc t h at th e la rge va ri ati ons of th e li g ht is cl ue to its 
1 otat1011, and in Yic,,· of th e fact that the hi ss ing arc is al so 
p 1 o bahly t·otating, as po in ted o ut by Mrs. Ayrto n, I think 
tha the larg ' r \·ariations o f P.D., current, a nd lig ht in th e 
hiss ing arc must also be clue to th e ro tati o 11 of th e arc . If 
t l.i-> is th e case, th en the brigh te r parts of th e c un·es a rc 
prr )clu ·eel by lig ht fro m th e + crater and th e ra pid ,·aria. 
1J0 11'> of dens ity ch iclly prese nt i11 th ese pa rts o f th e lin es ;tre 
du • to t h e rapid \'a riati o n of thi s light from th e + c rat er. 
- E xpet·i m c nt. ] 
L _' ow these ra pid variations in th e li ght correspo nd wit h 
h, ,ol.allJ·apicl chan ges in th e c urrent and th e P.D., so that 

J/tc raj>id I'ClYia fiOIIS of f1.f>. 1111tf C/1/'J'L'I// correspond ti• ilft / ft c 
, o riatio n s of !ft c !tj!, ftl Clllil!ctl by !ftc + crater, rtnd !ft c l ru;~c 
~ /,.J<<-' 1 ·arial ions ••• t'!ft !ft c rololion of lit e (Ire rts (/ w ltO ic. 

Conside ring o ne o f th e larger li ght maxi m:1, say from n 
to b, 1· c to d, Fig . 6, during whi ch th e oscillograph 
m·rrors receive th e lig ht fro m th e + crater with o ut be ing 
o i)s tructed by th e carbo n, it will he see n that in m any cases 
th. 1naxim um lig ht a nd minimum P.D. occur pract ically at 
the satne instant, w hil st th e 111 n.rillllllll current occurs In ter 
rlttlll th e lif<ht 11/{/.rinlltllt. This is th e o pposite to what 
,ccur'-> w h e n th e c urrent through th e arc is vari ed by any 
dutnge in !ft c circlli!, fo r in thi s la tter case lit e nt n.rillllllll 
ell rrell l oCCJ II'S brfv rc lit e ltj!, ft! nt rt.rinllllll. 

The period icall y recurring sequ ence o [ eve11ls in th e 
hi-,sing arc is thus pro babl y a<; fo ll o \\'s, putting aside th e 
1 0 ation of th e a rc as a whole . O"·i ng to th e c rater 
bccom.ing too la rge for th e e nd o f th e + carbon, th e a ir 
f)bta ins access to th e c rater surface as fo und by ~Irs . 

Ayrton, th e oxyge n o f th e air th e re com bines with th e 
c at·bon, caus ing a ri se o f tempera ture, a n in crease of 

rilliancy, a drop in th e P.D., fo ll owed ve ry s lig htly later 
by a ri se in th e c urrent. 

I think th a t th e above observa ti o ns o n hi ss ing and 
h dtnmiug arc expla ined by, and con f1 rm, th e funcl amen tal 
nature o f Mrs. Ayrto n' · cli sco,·cry of th e ca use o f th e 
h is ing of th e arc. 
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A very sho rt h iss ing a rc, so sho rt th a t p ract icall no 
light ca n re t o ut fro m between th e carbo ns, som tinw" 
produ ces a sh r il l wh is tling so und , acco mpani ed b a ·mall 
tongue of g ree n fl ame. Th e vari a tio n of J>.D . a nd c ur ren t 
fo r s uch an a rc are g i vc n in F ig . H, in w h ich the 
current and P .D. have vari ed bet ween hn> lim its, \' iz ., 22·5 

amperes at 2+ \'O its a nd 28 a 111pc res at 9·5 vo lts, th e formt.r 
o f w hi ch wo uld prod uce a h iss in g a rc, wh il e the la te r values 
o f th e current and P .D . can o nly be expl a ined o n thL 
assumpti n that the a rc is sho rt-c irc ui ted by a bad o ntact, 
such as a loose pi ece o f carbo n. Th e whi st ling soun d 1" 
probabl y cl ue to the periodi ca l short-c irc ui tin g and re l ight in .~ 

o f th e arc. 

Som m s EMITTED BY V ERY LONG ARCS. 

The frying so u nds em itted by very lo ng arcs, n o ticed by 
Mrs. Ayrto n, r are probably cl ue to the fact tha t lo ng a rc, are 
very sensitive as te lepho ne receivers, as m entio ned 111 

Pa rt 1., so th a t very sligh t var iatio ns in th e c urre nt vill 
cause th em to g ive o ut so un ds. In co nfirma ti o n o f th is !1 

m ay be m entio ned that a 11cry long silen t arc can b o b ta ined 
if th e arc is suppli ed with curren t from a cCI/IIillla tors wh ich 
arc not in use for n ny other p u rpose, a nd if th e arc c ir u it 
be so arranged that 11 0 variati o ns o f th e current can be 
indu ced, o r produ ced , in it by ca uses o uts id e th ar . 

If, o n th e oth er ha nd, the direct-c ur rent a rc be suppl ied 
by a dyna mo, o r if the arc c ircuit be placed so th at th ere j.., 

mutual indu cti o n between it and lead s carryin g a d y na m o 
current, th en th e lo ng a rc wi ll g ive o ut a so und corre­
sponding with rate a t which th e d yna mo seg me nts pass th · 
brushes. T h is explanati o n was, l heli e \·e, lirs t suggested lw 
Pro fessor Ayrto n a nd Mr. !\f at her. 

[ NTEHM ITTE NT A f?CS . 

lf a direct- o r a ltern ate-c m rent arc he b lo w n o ut h ' 
means of a jet o f a ir o r co:?, r by mean s o f a t ra nsverse 
magneti c Geld, it will, unde r s uitab le co nd itio ns, religh t 

1 'J 'he E lt•rlri(ia n , \'o1, xxx iv ., p. ~JH . 
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t l If; and if lhe blowing be continu ed, the arc will be 
ex ting ui h eel and relight itse lf again and again with g reat 
rapidity, g iving oul a harsh so und. The rapidity of th ese 
inten-r1iltances may be very g reat; I\f. Blondel 1 has fo und 
them to be as high as 3,ooo to +,ooo per seco nd in th e case 
of the a lter natc-cun· nt a rc, and I\1. Abraham " has o btained 

1 o,ooo pe r second in th e case o f th e !lame di scharge. 
It was suggested by Prof csso r Fi tzgeralcl th at this inter-

1 11 ttance of th e arc mig ht be used to produ ce so m ' high­
frequency a ltemating curren t w hi ch J r equired . I th erefore 
tried re n derin g a direct-cu rrent c; u·bo n a rc i11 seri es, \\'it h 
:t ~clf -i nclu cti n intermittent by m eans o f a mag net. ~l ith 
this arrangeme nt th e rate o f intcrmitta nce was irregular and 

11 t very h igh, probably owing to th e E .l\ I.F. of my so urce 
uf s upply b e ing too low, a lth o ug h E.I\I.F.'s up to 300 volts 
\·ere e mployed. 

111 o rder to try and overcom e thi s irregularity, L co n­
nected a condenser (abo ut 5 mf.) betwee n th e terminals of 
_he arc, when to my surprise T fo und th at the direct-current 
;u-c was intermittent eve n wh e n nut b lo wn in any apparen t 
,.._.ay e ith er by a stream o f gas o r by a magneti c Ji c lcl , a nd 
fu rth er that no self-induction in series with th e arc was 

11 e ce ·sary · 
Her e th e n was a pu zzk- a direct-c urrent so li d arc burn-

in g under o.rclinary conditi o ns with res istance in seri es, and 
,01 p lied wt th current from accumu lators, became tlller-
11 1ittent and gave o ut a musical no te on ·impl y shunting 
t he a rc \ ith a condenser. 

~ Leads were, of co urse, employed to co nnect the co n-
denser as a shunt to th e a rc, and o n twi sting th ese leads 

0 crcther so as to destroy the small ;unu u11t of sci f-i llClucti o n 
'"' w hich they posscs:,ed, l ro un d that th e musical no te stopped, 

to b e started again o n separating the leads ; and o n inter­
pos ing in th e condenser c irc uit a loose co il of wire, th e 
s o und was g reatl y magnd1 ecl. H ence th e tru e s tatement of 
t h e facts is that g iven below.3 

• La Lumil:re f.:tectrique, 1893 , vol. x liii. , p . 5-t · 
SocictJ Franraisc de Physique, " Scam:es," 1t199• ii. p. 70. 

• ~oTJ; ia rlrlcrl Fc·bma')' l SI, 190t) .- Si ncL! wriling llll! abo\·L! Profc s,or 
hlihn Thom~on has \Hitleu lu m e ancl .lo 'f'li<' J.::l c'c /rhitw po iulin g uul Lllal h e 
...a• riccl u ul prad Jcn lly Jcle nltcal experunt: Jil > as early as 181)2, and palenl ccl 
tJ 11 s mclh cl for producing ,\Jlcrnaliug Curn:nls. 1 reg rellhal I wa · unawaru 
o f the:;e experiments al lh e lime of wrilin• ' t.ll c pape r, and so om itted to cr ive 
Pr•>fesb r Thom ·o n c redit fur lll cm . Profcs~o r Thomson 's Id ler an eclitgria l 
11c;lc on his pa tent specir, ca li on, an cl a repl y from me, appear in Ti/cJ Elc"clrici a n 
I•Jr Ja nuary 18th , 11)0 11 vu l. xlvi., p. -t77· 
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tlf US ICAL AHC. 

A direct-current arc of suitabl e le ng th a nd curren t, 
bet,,·een so lid carbons, \Yill gi,·e o ut a musical no te if it be 
shunted with a condenser in seri es with a self-inducti on, a'> 
in Fig. 9, even th o ugh the. o urce o f supply o f th e c urrent 
be perfectl y co nstant and th e arc be pro tected as far as 
possible from a 11 y o utside cause of di sturban ce. [ Exp ·n­
men t. J 

I fmd that th e musical no te is produced by osc ill atory 
currents fl owing in th e c irc uit composed f th e condenser 
F, th e self-induction L, and th · a rc, Fig . !), and it :::. p1 t ·h 
is determined by th e periodic time o f thi s ci rc uit- th .tt 
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is, o n th e relation between the capacity, self-induction, .tncl 
effective resistan ce of th e circuit. Neglecting th e resistanc , 
which it will be sho\vn later must be small, the periodic 
time of the circuit r = 2 rr ...; L.I< , and thi s has been foun d, 
by judging the pitch of the note by ear, to be approximate! • 
correct, so that fo r lecture purposes Kelvin 's law can by th i ~ 

mean s be easily demonstrated. (See ppendix li l.) 
I t must be remembered th a t a lthoug h we han! a n alte r­

nate current through th e condenser and s If-induction, th e 
so urce of supp ly is not an alternating one, and that it i t!t c a rc 
itselj which is acting as a co 1tvertcr mul transforlllill <f a p art 
of the clircct wrrcnt into altcmaling, lit e frequ ency of 'i.l!!u clt 
can be z•ariccl behl'CC/t very wide lilllils by a ltering /li e sclr 
indu ction and capn city. The upper limit I find to b ' abou t 
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Io,ooo ("\) per seco nd , and the lower limit, if such exi sts, is 
w ell below soo rv per seco nd. 

It has lo ng bee 11 kn ow n that a train of osc ill atio ns of 
ahno~t any frequ ency can be o btained o n d ischarg ing a 
condenser thro ug h a suitable indu ct ive res is ta nce, but o f 
course these osc i I lati o ns have a rapid I y clecreasi ug am pli­
tude ; and the mea ns o f supply ing energy to such a c ircuit 
.,0 a'> to tnainta in 1/u.: flllljllilndc of !li e S'<(' lii_!!,S co ns/((n/, oth er 
t han by mca ll s o f a varyi11 g so urce o f po wer having th e 
..,a n-w period ic t ime as th e c ircuit, Ius bee n wanting. It is, 
therefore, necessary to i11quire und er what CO IJ diti o ns it is 
Jos..,i b le for the a rc to ca use th e so urce o f direct c urrent to 

:-, upp ly t h e CIJ e rgy necessary to maintain th e oscillati o ns in 
i. h c ·o ncle nser c irc uit wh en o nce they have bee n started. 

I the res istance itl th e main c irc ui t in seri es with th e 
;u·c i~ large, a nd if ~ V be a small instantaneo us chan ge 
111 the P .D . betwee n th e terminals o f th e arc, 3 A th e corre­
~poncling s m all change in th e c urrent thro ugh it, and -r th e 
resistance of th e condenser c ircuit, not in cluding th e co n­
denser ; th en, during th e time this smal l chan ge lasts, 
.., uHi ien t e n ergy may be suppli ed 1o the condenser c irc uit 
to m.ake u p fo r th e euerl!y diss ipated there, in ohmi c losses, 
if the fo llowing co ndit io ns are fu lfil led (see Appe ndix 
I f. ) :--

v . 
1. 8 A' negative. 

2 . ~ ~' numeri ca lly greater th an r. 

The q u e:s ti o n is, can th e a rc fuiEl th ese two co nditions ? 
i I e~srs . F ri th and l{oc\gers 1 h ave experimen ta ll y c\dermin ecl 

th e value of 
8 ~' whi ch they ca ll the res istance of th e arc, 

tor vario us arcs, ancl they fo und that while~ ~ was a lways 

+ w h en both carbo ns were coree! , it was, o n th e co ntrary, 
a lways - w h en both carbo ns were so lid; and that il was as 
sm.all a s - 2 ohms fo r a 4-a mpere solid a rc. Now th e 
, ·sistance o f the condenser c ircuit, r, external to th e co n­
(\ C,:; nser, can eas ily be made less than 2 ohms, so th a t th e 
a rc can fulfil both the necessary co nditions. 

• l'roc·.:.·dings oft!tc l 'ltJ'S t<<'l ScJ c'td)', I til)6, vu l. xi v., p . 307. 
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I will now d escribe so me observations o n the mu ·ic<tl 
a rc which lend to confirm the abo\'e conclusions . 

. l ~ V . I Arcs between so lid carbons for wh1c 1 A 1 · a way~ 

negati ve H'o rl< well, w h ile those betwee n cored carbon~ fo t 

1 . I 3 V . . . l c l .11 I , c1 w 11c 1 
3
A ts pos1ltve nn e w 1 11 0 ,,, vr,; un cr an~ 

co nditions. [Experiment. J 
The lar•rest negative value of (3 }!_ o·iven by l\I cssrs. Fri II 

b 3 A"" 
a nd Rodgers i ~ 2 ohms for a +-a mpere ~o licl arc, and il i-> 
probable that it d id no t excet.:cl 2'5 uhms. for lit e smaller 
currents, viz ., 3 to 3'5 amperes, which I used. Accordin •r to 
th e above co ndi ti o ns, 2·5 o hms sho ul d be th e limiting 
resis tance of the condenser circui t; by experiment it wa 
found tha t w hen the res istance of thi s c ircui t was incrca -.,e! 
to 2'4 ohms th e osci llatio ns stopped and could n t be 
restarted . [Experimen t. ] 

It is evident that besides the resistan ce th ere are o ther 
causes, such as hys teresis, wh ich lend to cli.,;s ipate the n r!{ · 
in the co ndenser c ircui t and s top the a rc g iving ib not ·. 
The hysteresis in an iron-wire core introd uced into the elf ­
inductio n will instant ly stop th e no te. [Experiment.] ~\ 11 • 
complete circuit such as a rin g of wire placed ncar the s ·If­
inductio n has th e same effect. [Experiment.] 

O n sevt.:ral occas ions before th e importance o f th e!> <: 
causes of th e di ss ipation of th e energy wer realised, on­
siderab lc trouble was experi enced in tracing the reaso n of 
th e a rc failing to g ive its note. As examples, in one ca ·e 
it was traced to an ammeter a nd in anoth er to the ti nfoi l 
in th e condenser which were acting as sh ort-c1rcui ted 
secondaries to th e self-induction co il, which had b een 
placed too n t.:ar them. [ Experiml:ll t. J 

The relation between the self-induc tion, capacity, a nd 
frequency can be ve ry eas il y demo nstrated by playing a tunc 
on the arc by varying either the capacity or th e self-indu iion 
by means of a key-board . [Experime nt. ] (See Appendi.· 
Ill.) Another method of varying the self-induction i by 
separa ting ur bring ing closer togeth er the turns of lh coi l, 
as if p laying o n a concertina, th e r elative positions of the 
turns determining the self-induction and the pitch of the 
no te. The musical arc can he used as a mean , of com-



• $ 
l. 
1 . 

I-
t 

l 
I 
t 

i 

! : 

i 
r 

l:JOO.] CT HHE T TIIIWll G I T D ITmCT-CU HH I~l'\ T .\H C. 251 

pari ng se lf-inductio ns or ca pac iti es by co mparin g th e pitch 
< Ji t h e notes proclucecl . 

Th e "enclosed arc" will work equall y as \\'e ll as the 
, 1pe n ace, th o ug h th e note g in?n o ut is 11 0 t so auclih le O\\'ing 
tu (]w g lobe ; but it ca n easily he mad e so hy taking ;tcl\':lll ­
a~e nf som e of the telep ho ning e fTccb m c lltion ecl in Part I. 

T he alternating c urre n t th roug h the co ncl c11 scr c irc uit 

111av he as large as from 3 to c; :unperl's 1 ~ . !\ I .S. ,-al tl l', ami 
lla.:- d ire ·t c urn.: 11t ill th e 111:1in ci rc nit a lso \'ari es C0 11 s idcr:th ly 
dcp •JHling 0 11 th e :unOtllll of rl's lsla m:c in th e circ uit. T h is 

, >ilclt:ll"t:r c u1-re nt is Sl lt'ti cicn t lo s il o \\' cx pcritne 111 s \\' ilh 
alt .1 n. tt ing ClliTc nts whic h do not require mu ch po wer, :111cl 
i'> very co11ve nicnt in lll <ll1 )' cases for lect ure p urposes as the 
j 1 eqtH: Il Cy, and any c hangr.;s in it, are at oncr.; r.; \'iclcnt fm m 
thL: pitc h of th e nok gi\'r.;n out by Uw arc. l\ fag ne ti c space 
telegraphy can eas ily be cl cmonstratccl on a small sca le hy 

11 ._,i 11 r~ th e sclf-incl ucl io ll co il as th e tran sm itting c irc u it. 
[ Ex~erimcn t. ] Severa l a rcs can be usee! i11 series wl1 e n 
'll() l e power is requ ired in th e co nde nser ci rc u it th a n ca n 
I"· obt ai n e d from 0 11 e arc a lo ne. 

TABLE OF DATA OF !I! US LCAL A I ~CS . 

Open 1\ n.:: . Enclusl'd AI c. 

Ca rbou · belli! .~o l i rl . CVIII'IIll/\'. 

J) ianH.: ter 9 111 111 . ' 3 mm. 

.\xc L en g t h 1 '5 111111. 1'0 !l1m. 

" Current 

Rcsi-;tan ce in SniL"s 1 ~. .p o hm s. 

5 amps. 

I ahout2H o hm s. 
I 

~elf Induction of L. ... 5·3 X 10 ' h. I :;·.:; X 10 J h. 

H.c~istance of L. ami Lead s ... o ·.p ohm~ . I o·.fl oh m s. 

Capacity of Conde nse r F . , . , to s·+ m f. r · 1 to 5'4 m f. 

I< . LS. C ur rent th rough Con-
den ~er when Capaci ty = 5·4 
mf. 3 amps. -f· 5 a m ps. 

For th e con ve iri e ncc o f th ose wh o may w ish to repeat 
th ese experim e n ts, L h a ve in ·ertecl a table of good w orking 

VO L . XXX . 17 
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conditi o ns for open and enclosed arc:;. Th e exact fig u res need 
n ot be stri ct ly adh ered to, as th e musical arc will work over 
a wide range o f conditions. It may perhaps be well to 
m entio n that only co ndensers suitable fo r hig h voltaoe;; 
sho uld be nsecl , as although th e P.D. arc is o nl y so volts, the 
P. D. cond enser ri ses to several hundred volts. 

M ET AL ELECTHODES S WlTC II CONTACTS. 

In co nn ect io n with th e above experimen ts the attempt 
was made to rep lace th e carbo ns by metal electrod es, when I 
fo un d tlt at o n try ing to shu n t th e meta l a rc with a conden"er 
it went o ut, no self-inductio n except th ai of th e lead:, bemg 
used . [Experim ent.] Of course, whd lt cr th e arc is stlll­
g uished or not depends o n th e capacit y used to shunt it and 
o n th e o th er co nditio ns of th e c ircui t ; thus in the present 
case, with a 3-ampere arc between 6 mm. diameilr copper 
electrodes and a resistan ce in se ri es o f from so to 6o o hms, 
suppl y vo ltage zoo, it was found th at th e arc was alway~ 
exting uished wh en shunted with a co ndenser having ,l 

capacity fro m o·6 to s ·+ mf., th o ugh w ith th e smaller con­
denser, o·6 mf., and lo nger arc leng th s th e extingu ish ing''"'::> 
not quite so certain. Condensers la rger than S'+ m f. wen~ 

n ot tri ed, th o ugh I have no do ubt tha t th ey w o uld pro,·e 
even m ore effective. 

This experiment is ve ry in stru ctive as showing h o w n~ry 

soo n the metal a rc becomes practi cal! y no n-co nduct ing after 
th e c urrent thro ug h it is interrupted, for if we consider tha t 
th e current through the arc is redu ced to zero at the instant 
o f firs t connecting th e co ndenser, and remains ze ro u nlc ,~ 
the arc reli ghts, th en the time required for th e o·6 rnf. cnn-

r 
denser to c harge up to (J - )• o r 63 pe r cent. of th e supply 

vo ltage, i.e., J z6 vo lts, is abo ut :2? ~, 1111 th of a second. So that 
we may consider that if th e current thro ug h th e m eta l arc i:-; 
interrupted for abo ut o ne twenty-seve n thousandth of a 
seco nd, even apply ing about three to four tirnes the normal 
voltage,t will no t cause it to relig ht. This is very differeut 
from th e case o f th e arc between cored carbons, fo r i t 1s wdl 
kn own that th e c urrent throug h a ro-ampere cored arc may 

' Din:d-<.: urr" 11 l mdal arcs :ts abov" usuall y require a P .D . 1·oug hly about 
30 vo lt-;. 

.• 
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J-.e inter r upted hy o pe ni ng a switch in ser ies with it fo r, say, 
a quad er-!>eco n cl , ancl yet th e arc will re lig ht o n c los in g th e 
..,,.,- i tch aua in , owing to th e h ig h co nd ucti v ity o f th e vapou r 
left, w h e n th e arc is ex ting ui shed. T he co mpar iso n is, ho w­
t.::\'er, n o t q uite a fair o ne, as it mig h t be ex pected th at with 
the Jar·ger c urre nt , vi z., 1 o a m peres usee! wi th th e cored a rc, 

1110 n..: co nductin g vapo ur wo uld exi st tha n wi th th e 3 
;uu pet es li '>Ccl fo r th e m etal a rc , ancl that it wo uld therdorc 
take longer fo r th e vapo ur co lu mn o f a J o-ampere a rc to 
cool clo wn and a tt ai n a hig h res is tan ce th a n th a t o f a 

3_a 11 perc a rc. 
J 11 urdcr to m a kc a fa ir co in pari soi J, t he mda l e lcclrocles 

·'ere replaced by corc cl carbn 11S :lll cl a 3-ampcrc :Lrc obtai ned 
unde 1· as n early as p oss ibl e t he sam e co nditio ll S as th <.; copper 
a 1-c. Tll is cored carbon arc co u ld 110 t hc ex tin ,e; u ishcd CYc n 

CJIJ ~h un t i ng it with th e large::; t CO il clC!lSC r, \' iz., 5"+ mf. 
r E x p er inH..: ntl , a nd it was fo und necessa ry , in o rd cr to makc 
the cored a rc go o ut o n sh unt ing , to rcclu cc th e curre nt 
thr u g h it to b e lo w I ampere ; bu t with s uch a sm a ll c urre nt 
the a 1·c is ra ther u nstable a ncl liabl e to go o ut ev<.; n w h e n not 
di~t 111 bed in any w ay. T wo solid carbo ns were a lso tri ed , 
a 11ci th e effects w crc fo u nd to be interm ed iate be twce n th e 
cr>recl a r c a nd the metal a rc, as a 2-ampere ::;o lid a rc could 
iust he put out by shuntillg with th e s·+ mf. co nd e nser, 
~vhen_ a!> ih <.: 3-amp<.: re m eta l a rc a lways we nt o ut 0 11 being 
shu 11 ted w ith a co nd e nser o f as sm a ll a capac ity as o·6 mf., 
as a lready stated . 

The correct meth od o f C1ncl ing o u t wh ether th e arc will 
rdighl in any g ive n ca se a fte r it h as bee n ex ting ui shed o n 
s u d den ly r edu cing th e c urre nt thro ug h it, is th e fo llowing :­
Let , F ig . ro, be a c urve whi ch might be drawn between 
th e P.D. whi ch wi ll have lo be se t up betwee n th e e lec trodes 
to re ligh t the arc, and th e ti m e th at has e lapsed s in ce th e arc 
,,·as e xtin g u is h ed; allCl B th e c urve th a t co nn ects th e ac tua l 
nse tn P.D. between tlw e lec trodes (i. e., b e tween th e co n­
dense r t erminals ) a nd t he sa m e time. The n the co ndi tio n 
or th e a rc to relight is tha t the c urve B to uches o r c uts th e 

<:111"\'C A . 
n fo rtunate ly we do n o t kn ow m uch abo ut th e c urve A 

between I .D. r eq ui red to r elig ht the a rc a nd time except 
th at it s ta rts fro m the P.D. a t which th e arc was burn ing at 
lhe in stant it was exting uish ed, and atta ins a Jina l co n sta nt 
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valu e equal to th e P .D. required to spark across b t\\"ce n tht.> 
<.:l ectro d es. \ Ve can , h o we ,·er, fo rm so m e idea o f th e blct>p­
ness of th e curve A at th e co mmence m e nt, fo r w e kn o \' tlu I 

if the a rc fail s to r e lig ht, th e c urve A lies b et\\"ecn t hL' 
o rdin ate at th e time o f co nn ecting th e cond e n ser and thL' 
c urve 13, that is th e ord in ate at tim <.: no ug h t. Th ' sh ape o t 
thi s latter c urve, w hi c h rc p r<.: se n ts th e P.D. between th e' 
tc rlllitlal s o f th <.: co nde n s ·r during c harge, can h · c .dcul.lt ,I 
fr o m tit <.: kn own d ;tt a of til <.: c ir ·uit; thus with th <.: ·op1 t"l 
arc m en t io ned aho\' t: , w hi c h is jtt s t <..::d ing uis h ed h shu ntln~ 
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with a conde nse r o f o·6 mf. capac ity, E.M.F. in cir ' u it hL·i n<! 
2oo volt~, r e,; is t:tn ce sG o hms, and sel f-indu ct ion o i lead~ 

neglected, the c urve B wi ll s tart with a 11 initial s te pn •ss t i 
about 6 x 106 vo lts p e r seco nd. In spi tc o f thi s v e t · r; tp itl 
ri se of c urve B, it will gen erally fa il to inte rsect th · urn~ . 

fo r th e 3-ampere copper arc, so that th e apparent rc::. tst a n cL 
o f th e copper arc seem s to in c rease at a very hig h ra t<.: a l k f 

the c urrent through it is s to pped. 
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\Vi th cored carbo n elec trodes th e a rc under s imilar 
c o ndit ions co ul d no t be exting ui sh ed by shunt ing \\'ith s·+ 
111 f. , :-;o th a t s ince the in iti a l s teepness o f th e c urve B ,,·as 
!, tJ 1 , ot- a b o ut 7 x Io5 vo lts per second, thi s c urve al ways 
in t er-;ed ed th e c tt rve A fo r co red carbo ns. Furth er, L think 
t l 1a t h e c urves \\'o ul cl st ill in te rsect, th at is the cored :l iT 

, ·oulcl t-elig h t, if the it l it i;tl s teepness o f 13 had bee n eve n 

111 a 11 y t in1 c-; s maller, so th a t th e rak o f in crease o f ;tppare n t 

1 e-., i-;1anc' o f th ' co red a rc afte r itll errupti cm o f th e c utTe tll 
i- many tim es s m a ll er th a n w ith th e copper a rc . ln wha t 
h a- 1 cen ·a i 1 a bove, r have neglcctecl th e unkt l0\\' 11 se lf-

--1 

L/ 

~~~--~--~~'--~ru £ - 200 volt.s. L -.3 henrys rabout) 

£ F 

R - 60 ohm.s fd-boutJ. Fa !3·4 microfa.rCI.d. 
Current~ ..5 d.mp.s . 

Metal Arc 
or 

Switch 

sncln ·tion o f th e leads, so th a t lh e fi g ures .~ i ve n musl be 
c q nsiclcr ·d a s o nl y ro ug h approx ima tio ns . 

' he extre m e rapidity \Yith whi ch it is necessary to 

1 11 ,,;rease th e P.D. bctw ·en th e te rmin a ls of th e meta l arc in 
()rde r th at it m.ay r e li g ht again after th e c urrent through it 
ha'> hcc n s to pped, expl a in s th e fact tha t it seems impossib le 
tf, mai ntain a n a ltcm n l c c urrent arc betwee n 111 elnl electrod es 
t \ o rdinary freque nc ies and P.D.s o f eve n several hunclrccl 

\'Ul h ; a n d tha t it requires a P.D as hig h as 2,ooo vo lts lo 
n1ain ai n a m eta l arc as fo und by H err Aro ns.' 

I f t h e n o n-induc tive r es is tan ce in seri es with th e arc be 
rc Jlac:ed by a hig hl y ind uctive o ne as shown in Fig . II, th e 

' Wiedemann 's Annalen , vol. I vii ., p . 185. 
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curve B will be a ltered in shape, a nd with th e concli ti cm-; 
inserted und er Fig. r r th e charge o f th e condenser will he 
osc ill a tory as show n by B' Fig. ro, th e maximmn P .I . 
atta in ed if the arc fail s to re light at all be ing many timL'S a,; 
hig h as th e E.l\f.F. o f th e so urce o f suppl y. Alth o ug h lw 
arc is put o ut o n shu nt ing with a co nd enser, it d oe-; not 
foli O\\' th ;tt it may not have rea ll y relit a nd go ne o ut again 
several tim es corrc,;poncling with each swin g of th con­
denser, bc..:fo re it i-; finall y left extingui shed owing to th e 
d ying away of the oscillati o ns ; and thi s is pro habl what 
occurs when th e curve A is not ve ry steep, as in the c ase of 
cored carbo ns. In thi s case the maximum ri se in P.D. ,,·ill 
be limi ted by the shape o f th e curve A and by th e a mplituclc 
o f th e osci llat ions be ing rap idly clamped, clue to conclnctJ m 
thro ugh th e arc. 

Thi s high ri se in P.D.- caused by th e sudd en ·tnnull iu!.! 
of th e current thro ugh th e self-induc ti o n when th e metal arc 
is extin g ui shed o n shunting it with a co nclens •r-is vcr · 
seri o us, as th e fo ll owing experiment shows. A 3-amperc .m.: 
between two cop p ·r e lect rod es 6 mm . diamete r, the condi­
ti o ns of th e c ircuit being th ose given un der Fig . r r, \\'I" 
shun ted with a co ndenser 5·4 mf. capac ity. This caused the 
arc to go o ut and so hig h a ri se in P.D. to be procluc d tlnt 
th e insulation of the leads bro ke clow n, a spark passing from 
a to b, accompanied by a report. [ Experime nt. ] \Vh cn, 
ho wever, 1 subst ituted carbon , for th e copper e l •c trodc-., 1111 

report W;tS heard, no r was a ny ser io us ri se in P.D. noticed . 
[ E x peri mcnt. J 

The next experiment tri ed was to co nn ec t th e o ne! 'Ih~t· 
permanently as a shu nt to th e meta l e lectrodes, and th •n to 
attentpt to str ike the a rc, th e c ircuit be ing arranged as in 
Fig. II. 1 found that it was impossibl e to s trike an arc 
between metal (C u, F e, AI, and Brass) e lectrodes if he 
capacity o f th e co ndenser F, Fig. ll, exceeded o·r mf. 
even alth o ugh an E.M.F. of 200 vo lts was used-· -ancl tl ut 
o n separatin g the e lectro de · th e s udde n interruptio n of the 
current throug h th e self- induction set up osci ll a ti ons in the 
c ircuit and a hig h ri se in P.D. between th e termin a ls o f the 
condenser s imilar to that produ ced wh en th e m etal a r w as 
exting ui shed by shunting with a co ncle tJ ser as exp lai n er! 
a bove . Th e co ndition that d etermin es th e possibil it_ ot 
striking the a rc is similar to the co ndition th at gov rn ' th 
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relighting of the arc af le1· the urrent th rough it has been 
red u ced to zero as exp lain ed a bove. For co rrespo ndin g with 
each po. ition of the e lectrodes as they separate th ere is a 
cerL1. in P.D. required to start th e arc, and if the relation 
hel\'-·cen the position of the e lecl ro cl cs and time he kn own, 
thcn a curve between P.D. required to s tart the arc ancl lime 
can he plotted si111i lar to curve A, Fig. 1 o ahoYe, ancl lite 
inte1 sectio n or ot her \\·ise of this curvl! wi th lite curv · B' 
rlctern1ines w hether th e arc will strike or not. 

rrhc p !·actical interest in thi s s ubj ect o f the st rikin g of 
the arc lies in th' fact that w hen th e atte mpt is made to 

1 terrnpt a s teady direct current f1 owing thro ug h an inclitdive 
c 1rc utL by n1eans of a switch with meta l contacts, an atte m pt 
s really m.ade, at the first instant, to strike a metal arc 
beh.vc n the con tacts, a nd if th ese co ntacts he shunted by a 

1_- 1Jn dcnser w hi ch prevents the arc fro m forming, a hig h risl! 
in P. l ) . wil l occur. If, h owever, th e a rc was allowecl to form, 
the ime during which th e break takes rilace wo uld be 
length •ned, and no s uch great rise of P . D. would be pro­
duced. This rise in P.D. has bee n mathemati cally in vesti­
.;atecl by :Mr. Jo hnson' o n th e assumption that th e arc d oes 
~ot fonn, and putting the data given under Fig. IL into his 
equation, l find that th e ri se in P.D. is just over z,ooo vo lts 
as ·otTlpar cl with zoo vo lts th e E .M.F. in th e c irc uit. It is, 
theref re, of importan ce when it is required to prevent th ese 
ri<>e~ in P.D., o n breaking th e ci rc uit to so choose th e 
:-.uhstance of th e switch co nta cts that th e arc shall not be 
pi even ted from formin g o r be s udd enly ex ting ui shed by th e 
actton of th e conden-; T, that is to say 1/wl arcing nl th e 
!>ic' i LG h contacts should rather /1 e enco 11 mgetl !ltatl of hcnc• isc, of 
co u rse a lways suppos i11 g that no special meth od such as a. 
no n-i nductive resistance shunting th e switch be provided to 
rlis ..; tpate the energy s tored in th e self-incluc ti o 1t. 

The following experiments illustra te th e impo rta nce uf 
the natm·e of th e switch co ntacts and o f th e co ndenser 
wh ich shunts them. Th e c ircuit used was that shown in 
I< 1g . r r, the arc being replaced by a. sw itch with brass co n­
tacts, and th e data of th e c ircuit bein g th ose g iven belo w 
the::; fi g ure . When th e conde nser F was di sco nn ected, and 
th • ins ulation betwee n a and b was mad e to co nsist of a 
ingle t hi ckn ess of paper, 1 found that th e c irc uit might he 

' The E!,;dririau , H)OO, YO I. xlv., p. 2S 1. 
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m ade a nd broke n by means of the sw it l1 , e ither qui ck!_· or 
s lo,,· Jy, wi! h(ml the pape r betwee n o and b b ein g pierced . 
[Ex peri me n t. J After reco n nee( i ng the co nde nser F, h o \\'­
ever, eYery time the sw itc h was ope ned th e paper '' .1s 
p ierced, and even th ree thi ckn esses of the paper cou ld not 
w ithsLl.ml th e rise in P.D. that occurred. [Expc1·im ·nt.J 
Th e steady J> . D. required to pi e rce o ne thi ckn es · uf the 
paper was fo u11cl by a separate cx per inH:nl to be about 55' 
vo lts, a nd tha t req u ired to - p ierce three thi c kn esses alxut 
r, soo vo lts, so th at with out the co nde nser s hunttng th · 
switch the r ise in P.D. o n breaking the in du c tive c i1·cui t \\,h 

und er soo volts, h ut w ith th e co nd e nser as a shunt to !ht 
sw itch was over 1,soo vo lts, sho wing th a t t he n1eta l arc t l1U'- l 

have bee n a lmost complete ly su ppressed, as th e m a.·tmum 
value of th e P.D. calculalccl above o n the assumptio n of 1H1 
arc fo rmin g at a ll was o nly just over 2,ooo vo lts. 

Th e influ e nce of the natu re of the contacts t,f th e 
switch o n th e r ise in P .D. w h ich occ urs wh e n the switch j._ 

shunted by a co nde nser is ,-e ry marked; thus with thl· 
m etab, copper a nd b rass, seri ous ri ses in P .D. were alway::-. 
fo und to occ ur, with so li d car bons as contacts th , t·isc \\.t 

mu ch less, an d w i lh cored carbon co n tacts was i napprecia hlt. 
[ E xperiment. ] 

B reaki ng th e c irc uit bel wee n m e ta l co ntacts unde r tap­
water, or shun t in g th e m etal co ntacts w h ile in ait· by win.'::-. 
di p ping into water, a lso p reven ted a ny ser ious ri ·e in I .D. 

ll was also found th a t res istance or self-in du ction in tro­
duced into th e co nn ect io ns between th e co nd e nser and tht:• 
co ntacts g reatl y red uced th e ri se in P .D. on opening the 
switc h. 

1 a ttem pted lo usc a n ekcl roslat ic vo ltm ·tc r to m ca->urc 
th e ri se in P .D . in stead o f the ro ug h method of th e piercin~ 
o f paper, b ut a lth o ug h the vo ltm eter was suffi c iently :,ensi­
t ive to read s tead y P .D.s mu ch below that req~1ircd to 
pie rce th e pa per, it fa il ed to in d icate th e rises in P.D. 
This is probab ly du e to th e short l im e th e r ise in P.D. 
lasts. 

There a re two practi ca l cases in whi c h capacity s h unh 
th e switch co ntacts to whi c h 1 will refer. 

The first is th e o rd in a ry induct io n coi l in w h ich the 
circuit is the same as Fig . n , the sw itc h be ing replaced l ' 
the co ntact m aker. [n thi s case a hig h ri se in P. O . is 
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n:qu in.:d so that th e nature of th e CO JJtact poi nt-; <., houlcl he 
~ 11 ch that th e arc ca n he co mpl etely ex ting ui shed hy as s mall 
a condt' nser a.s possible; for the rise in P.D., if th e arc is 
crJinpletdy c:xting ui shccl, wi ll be th e h igh er th e snnllcr th · 
e<tpacity of the concl e JlSlT. (Sec a lso Ap pe ndi x 1\'.) It is 
f•vi dcnt, th e refore, that c trho n wou ld he ve ry un suitable 
f' 1r the co ntacts o f an inducti o n co il. Thi s has l:ttcl y hec 11 
,.,!Jnwn t o b e th e case hy th e experim e nt s of l\ fr. 13catli c, ' 
vJ 1q finds that w ith a s low break the maximum length of 

. p :u·k 0bl,tina bl e between th e termin a ls o f th e secondary, 
u ing plotilll ll/1 co ttlo cls, is nearl y 2~ tim es that ob taiJ lahle 
w hc...n carbon co llla c/s a rc used, th e current interrupt ed at 

1 he bn::ak being th e same in bo th cases. I think th a t if 
r.; ruf carbo lls had bee n used, a mu ch g reater disparity in 
the -.;park le n g th would h ave bee n fo und. [ Expe rim e nt. ] 

The sc o nd case is th at o f a s witch or c irc uit br •aker 
"( )i 111 c cted w ith a co n ·e11tri c cabl e so that th e capacity 

.., !J 11 nti ng t h e con tacts is s uppli ed by th e di stributed capac ity 

., tile cable. Wheth er thi s dis tribut ed capac ity in practi cal 
ca·,e·,; will h ave th e sam e effect as a co ndenser shunting th e 
contacts, as s ugges ted hy Mr. Jo hnso n, is, 1 think, a matter 
to 1- furt h e r experi me nt. If it has, the n seri o us ri ses in P.D. 
arT to be appreh ended o n interrupting a direct c urre nt, 
t h(Jugh an inductive c ir uit, by m ean s of m e tal co ntact s, 
the capacity o f th e c,tbl ' fo rmin g a shunt to th e co ntacts . 

Assum.ing thi s to b · tr11e fo r direct c urre n ts, m a r no t 
._, 0 11 w of th e breakdowns o f co ncentri c cables suppl y ing 
p<~\\'e r · by m eans o f a llcmrrliu[!. c urrent be a lso du e to th e 
., 11 ddcn quenching o f th e arc ;tt m etal contacts, and not to 
the iacl th at th e cu rrent is an a lternatin g o ne? I suppose, 
of co ur'>e, that th e attempt to inte rrupt th e current is made 
a -;c) t l1.C p o int in th e period w he n th e c urrent is large. 

r efore concluding thi s paper, I wish to . express m y 
Jl)ckbtcdness to P ro fessor Ayrto n and Mr. Math er, o f th e 
c~· ntral T ~chnical College, not o nly fo r all o win g m e to 
cany ou t th e experiments in th e laboratori es o f th e Coll ege, 
h ut a \<;O (or th e va luabl e ass istan ce and advice th ey have 
g l\'C n m during th e o urse o f th e expe rim e nts. 1 a lso 
w i-,h to express m y thanks to th e ma ny students wh o h a.vc 
helped m e from time to time, and especiall y to Messrs. 
Bro w n, \Vatso n, and Fithian. 

' Phil. Mag., ICJOO, vol. 1., p. 146. 
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CONCLUS ION S. 

If th e c urrent be suclclenly in creased through a direct­
current arc between two so lid carbo ns, the I .D. and current 
increase together for less th a n about ;,o\10 second, and at 
th e end o f th is very shor t tim e th e P .D. decreases with an 
in crease of c urrent in the o rdin ary way. 

1f th e current thro ug h :t di rect-current arc \'a ri es by ,t:-> 

littl e as 3 per ce nt. fro m lh · m e<J n, and if th ' frequencv of 
th ese superimposed variations is even as hi gh as 4,300 ('...) 
per seco nd, a variati o n in th e lig h t emitted b both the 
+ crater and th e vapo ur co lumn can be detect •cl . 

A rapid period ic var iation of th e o rder of o ne part in ro,ooo 
from th e mean current wi ll a lter th e vapo ur column o f tlll' 
arc suffi cien tl y to prod uce so und-waves ; and a variation ,>f 
one part in roo wi ll produ ce so un cl-wa ves even at frequenci ':-. 
a: high as 30,000 rv per seco nd. 

Th e arc is affected by such small c hanges o f o utside 
conditions as so und-waves produce. 

The direct-current arc can be: used bo th as a telepho llL' 
receiver and tra nsmitter. 

l n th e direct-c urrent humming a rc th e P.D. c urre nt a nd 
light emitted vary peri od ically, th e frequ ency o f th ·sc vari.t­
tions being th e same as that of the rotation o f the arc as a 
whol e, and of th e pitch o f th e so und emitted. 

l n th e direct-c urrent hi ss in g arc th e P.D. c mr ·nt a nd 
light emitted vary very irregularl y, th e larger a 11cl s]O\ ·er 
variati ns correspo ndin « with a rotati on of th · a rc a" a 
whol e and th e small er and m ore rapid to th e hiss ing prope1 
·i.e., th e oxyge n of the air obtaining access to th e c t.th'i' 
surface as demonstra ted by Mrs. Ayrton. 

Under certain conditions th e direct-current sol id ; rc 
will emit a musical note when shunted by a self-incl u t ion in 
seri es with a condenser. 

vVh en emitting th e musical note, th e direct- tHT •nt are 
tra nsforms direct-current e nergy in to a lternate-curr 'nt 
energy, th e freq uency of th e la tter being cletermin ccl b t hL' 
self-induction, capaci ty, and effecti ve resistance ol tl lL 
osc il lating circuit. The pitch of th e note em itted m ay b • 
used as a mean · of comparing self-induc ti o ns a nd capaciti •s. 

If a direct-c urrent ;-~rc be shunted with a concl · nscr o ­
several microfarads capacity, th e arc will generally t · '·-
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tinguished if th e elec trodes arc o f m etal , a nd not i( th ey arc 
of cored carbo n, th e res is tan ce in se ri es ,,·ith th e arc be ing 
no n -i n cJ ucti \ 'C . 

If th e r es is tan ce in seri es \\'ith !h e arc be hi ghl y incluc­
t1Ye, th e n , wh en th e m eta l a rc is ex!ing ui shccl h y shunting 
it with a condenser, a violent ri se in P.D. occ urs bchYec n 
t il , tenninal ' o( th e arc . 

The ri <,c in P.D. th at occurs \\·hc n an includi\T c irc uit is 
h r k e n b y m eans o( a s \\"ilch, th e co ntacts of whi ch arc 
:-,h unte d b y a condenser, is mu ch hi g he r if !h ei r CO tllac! s arc 
of 1n ctal th a n if th ey a rc o( co ree! carbo ns, O\\"ing to !h · 
c >ndenscr exting ui shing the meta l arc fo rm ed at th e co n-
act ~ IT:torc ~ udcl e nl y than th e arc fo rtn ecl wh en carbo n co n­

tacts a re separated. 

i\l' I ' EN i l i X. I . 

I d o not rem ember having see n il po in ted o ul !hal th e muc h .~reakr 
-,tal•i litv o f arcs betw ee n co1-cd c trho ns than o f th ose betwee n solid 
c ;u·hons can no l be ve ry wel l clu e to th e hig h co ndu ct iYil.\' of till' 
lll<l l<'l"ia l o f th e core , whi le in place i11 lh c carbo n, fo r til L· cores han: 
f'c ne1a lly a hig her s p ·citi c res istan ce than th e so lid c: trbo n w hi c h 
... ~nrr<> lttlcl s lit e m , as lh e fo ll owin g ex pe rim e nt shows :-

Three c arbo ns were lake n- lwo cored a m i on e so lid -of th e same 

110, 11 in a l di amete r ( 11 111111. ), and a CIIITL·nt o f <)'<) :unpen.:s was passed 
Lhr ough lhc m. The dro p o f ,·oils was m eas ured :li o n .~ a kng lh of 20 

cll\s . o f e ac h a flc r th ey had attain ed a stead\' tcmperatun.: . 
Each o f th e lhree carbo ns th e n had a ho le J 'l(> llllll. di a met e r dril led 

th 1-ough it o.,Q a s to completc i.Y remo\-e th e cor t:s of til t: cored ca rbons 
a nd lhe centre of th e so lid ca rbo n , :u1d th e dro p o f \·oils w:ts rt: nleasured 
as befo 1·e. Tlw rcsnl b arc g iv e n in ti ll' lah le be lo w, fro m whic h il 
appca 1·s lhal dri lli ng a hole in lh c so li d carbo n in c reased it s resi-;tance 
TH per ccnl. , wh e reas drillin g lh e sam e s1zed ho le (w hi c h remoYcd th e 
c o 1·e an<l a s mall am ounl of lh c so lid carbon ) in a cored carbo n of lhc 
~am <.: tna k ·only in c reased ils resis tan ce by 2 ·r pe r cent. 

Allowing for lhe fact. lh a l a small quantilv o f so li d ca rho n wa s 
r< moved a lo ng w ith th e core in clrilling, fil e srcu(ic rt•sislaucc o/lilc core, 
11 1 oue make of cored carbo11, 1c·ns abo11! sixteen limes ll111! t•/ til e SIIITOIIIIri-

1111-: so/ill carb011 1 n.Jil/ i ll fil e o/l1 er /l1e sf cci(ic rcsisillii CC of fil e co re 1~'0 5 

t•racl ica l ly i1~(iu it c. 
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:\l .tkc of C:u·ho11 .., ".\po..,tll.' "I" .. \ ptl'-lk "\" Hrn .... h u 
'-'~,/!d . c ._, ,al Cored 

111111 . 1\1111 mm. 

::\!..:an di:un dc: r IO'<);:i 10'70 

1\rc:a JJ di:tlll c:lc: r of <.:li re 2':4--t. ::!'\.'2 

17-1 1"~.! 

D n>p of \'<l ib a In n :.( 20 c111s. tt/l<'r d rill in;: 1·X I 1'77 I ~(> 

Per cent. in crc:a sc o f rcs is l:t li C<..: due !o d r ill iiig .. 7'H .2' 1 .:!-\ 

ex: \(! , , . Spcciftc rcsist:m c<..: o f core :th
11

ut 
h .tli O .. - . f . - l ' l I Spcc!lu; r t:Sistul t:t: o surrouncl u1,t,! so t< car lOll 

,\J>PE N D JX II. 

Ox Ti ll ·: Cox DIT I O~s W III C II (; 0 \' 1 ·: 1 ~ :-1 Ti l E Cox \'EW; I o:-< OF ]) l l~ l :ll' 

C U I{ REXT I N T O 1\LTE I{Z\ .\TI :-<G CU I { I ~E:-1'1 ' I X TilE .t\ i lJS I C,\ L AH • 

(See Fig. <).) 

L e l E a nd C he th e E.M.F. and c urrc nl lhro ug ll th e ce ll s, when tht•t'L' 
is no oscill a tory c urre nt lhro ug h th e co nd e nser ·ircu it. 

Let V and A he th e P.D. a nd c urre nt lh roug h the a rc u nder the samL' 
cond iti o ns. 

L c l R he th e resistan ce in se ri es w ith th e a rc, in c luchn g tha t nf th 
cell s. 

L et ·r be the resistan ce o f th e co nd e nser c irc uit. 
Let oV be a small c hange in th e P.D. arc whi c h produces a c u rre n t , 1 

throug h th e co nd e nser c irc uit for a lime tll, and ll'l ,n· a nd con-,e ­
qu cnlly <ii he assun1 ·cl to c ha nge s ig n a l th e L' tlC I of eac h in kr ·:t) 

of lim e M. 
Ld .~A ami ,;c be th e co rr t:spo ndin g c han ge"' in i\ a nd C ; E h L"ing 

a !'!S lllll Cd CO n !'!!an(. 

The e ne rgy s upp li ed to th e co nd e nse r c irc uit 
during o ne i nt c n ·: d til=(\' + r\ ') ( + ti), 

, nex t , t l = (\'- <1 \ ') (- t 1) t,' 
T otal during o ne com pi ·le peri od 2 M = 2M v\T ril 
Energy di ssipated in ohmi c losses durin g 2M = r(t i )" 2 til 

In ord e r that, durin g ea c h ·omp lc l · pe ri od 2 c)/, en e rg~· m ay b,, 
supp lied to th e co nd e nser c irc uit , w e must have 

i5i oV positive. 

And in orde r !hal thi s supply s it all make up fo r lit e o hmi c loss'"' \ 'L 
must have 

oi o\T ~ r(o i) " 
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and 

<C= <>A+,,, 
C= ~·:- , . 

H 

,iC=-,IY 
I< 

and l:i =- () \'- 11,\ = _ ( 1 + (,\ ) ,1 \ ' 
H. I< ( \ ' 

•· ' \ ' ( I + ,'.\ ) ( '\ ' ) ·' Ott · =- j 

I ~ ;, \ ' 
,1\· 

for a ~ upply ol c 111.: rgy to cond c:nsn L' ii"C tlil ( ,\ llllht he ncg ati n ' 

; 111 d nunH.:rica ll ' less than 1 ~ . 
v 

Supp osing oA IH.:gati\T, !h en in practi cL: til <..: Sl'Cond conditi on i s 

o\ ' 
al v.1ys fulfilled, or ,)A + I{ wou ld b L: negati\' L: a11cl tilL: w lwle ci rcuit 

1111 -. t ,lhJe. 

r-;cxtthe condition lh:-~t sufli c ient en<: rgy b e supp l iL:d to make up for 
t h<: ohll1 1C losses g in:s 

a u cl as c)i o\ ' io., posi tivL:, 

r t'5i I 
,JV ~ 

( 
1 ,>A) 

- r IT+ oV <;: I 

. . to obtain best supply o [ L: nergy to condenser c i r cuit w e require 
p YL:t y large and r very small. 

S osc 1 may be lle(! lecled, C0111J)ared w i t h ~ t hen cond it ion · upp H. ~ ii \' 

l L.:CO lll l.!.., 

ov 
,1A ;;-,. r 

. . ' I 1 .. 11\' . • 1 . Tlws 1t1s poss1) L: 11 ,l A 1s negat1vc all( 1111111 en c: dl y g1·ealer than r, 

i cn the condenser c irc11il to receive sufli c ien t<:nergy cl 11rin g each \·ery 
..,111 at l complete osc i l lati on to com pensate for th e L: nergy cl i ss ipatL:cl in 
c1h n 11c l osses during th e oscill:tli on. F or l ar.~c r osci llat ions, similar hut 

11101 e compl ic: tt ·cl expressions wi ll probab ly be r L:q ui rL:cl. 

APPEN DI X III 

() · Till•. HEL\T I O~ IIETW I ·: E~ Til E PI T C II OF T il E N OTE ,\ NI) T il E 

C ,\l'AUTY A)(D SELF- f ;o.; IJU CTI ON SI I UNTI 1\G T il E Mus i C.\ L ARc 

I n order to demonstrat L: th al th e pitch o f th e nol e L: llliltcd by t he 
lllusi ca l arc i s dL:lcrmined by th e capacity and self-inducti on of the 
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circuit shunting it, and i ~ given by th e formula frequency o f note 

em il ll:d = 1 
when th e resi::, la nce of the c ircu it is n eglig1bk, 

2.,. ..j L F ' . 
a se ri es o f capacities was calcu la ted by m ean s of thi -; formula, t o gi,· 
Oile ocl:tve of lhe clial o nic scale, on the assumpti o n o f a constant svli­
inclucl io n L. 1\ f: tir ly c lose approx imati on to this serie, of capacJL!c-. 
was oh tailll.:cl hy co tnbining in parall e l co nd e n::,c rs c ho:,l! n from a "Ll 
o f e ight Swinburne comll!n sc rs, th e capac ili l!s of which arl! givl!n b du\\. 
,\ key board w:ts co nslruclecl \\'hi c h mack th e n l!ccssar ' con tH.!Cl il>n::-. 
Th e l!O ncknsers used in par:tll e l and th l! ir ac tual ca pacities :ul! tabula !L·<l 
aga in st l he notes 0 11 lit e ke_Yhoarcl th ey wet e ro.:;.pecl iYely mlenclecl to 
produce. Thi s :trrangentent o f cn ncl e nse rs and k<.:) hoard, arnn:d .t t 
enlir<.:ly hy ca lc ulali o n, \\'as lh:clu;.ed to play luncs o n at th e mc:cling. 

The self-inductio n L co ns is ted o f :c coil o f about 40 lh s. of Nl>. 10 

D.C.C. co pper wire coikcl into a coil o f abo ut t tl in c lws diam~c . cr, 
ha,·ing a res i,; lance o f abo ut O"+l o hm and a sel f-induction o f q·;:; 
hen rys. 

Th e frequen cy of eac h of th e notes e mitted by th e arc w.ts d e tet­
mined for nt e hy ~Ir. G. \\'a ll and l\ I r. L . !\lurphy by comparin~. ln· 
m eans of a monochord , eac h no te willt a s tan lard lnning-fo rk g i ing 
srz complete vibrati o ns per seco nd. Th e frl!qucn cies so cldennmed 
arc t::thulalecl belo w along with th e fr eqtH.: nc ies ca lculated by m ean. c) t 

th o.: fo rmula (rom th e know n sdf-incluction and the capac ity in C<ICh 

case. The agreem e nt betwee n th e two cl cmun -, lrales, 1 think , Ludy 
conclusively that the pit c h o f the no te is delennined by the peno rlt · 
lime o f th e c ircui t shuntin g the arc . ll will be noticed that th~ 

cal culated freq tte 11cy is in m u,.. l ca~es about t pe r cen t. higher tha n .Ill· 
o bser\·ecl; thi s is pro bably clu e to the fad th at in c:tlculaling the l ·c•­

que nc ies no account has b een take n o f the res is tance of the circ ui t in 
wh i<.:lt lit<.: oscillating cu rren ts ar<.: ll ow in g, as thi s r ·~ i stancc should 
in c lud e that of th e arc. Thi s is hom e out by th e fa c t that the note 
d e pends loa sli ght exte nt o n th e length of th e :-t rc and o n the urn·nt 
thro ugh it. Another possible cause o f th e cliiTe re nce may be tha t t h..: 
capacities of the co ndensers used may not be quite the same a t t he,..' 
high frequenc ies, 550 to I , JOO ('\.) per second, as at 100 pet· 
seco nd, the frequency at \\'hi c h they were d e te rmined. 

LisT OF Sw t:\BUIC\E Co:-;uE:-<sEt<s. 

Called. I C:Lp:td{ y in 1\ ll s. C:dh.:d. Ca p:u..: it y iu i\lfs. 

·--I 

" 2 "5 15 ~ O"J07 

b I ·J.p r 0"11() 

c l"t..t6 .!! 0"130 

ti o·6 t :! " 0"057 
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- ---
F rn}llcllcy "-i per SL·t..·ond. 

~ "'otc on Condcn ... cr~ l !sed in Cap:11.:it~· in 
J-~cybonrd. P~Lra l lt.:l. l\ 1 1~ . 

C; d...:u l .1k d . Ohscn~.:d . 

"• /J , L 1 d . " 5·5~ ; 551> 5.f5 ,.., 

L> tl , h, tl , .~ ~ ·.w, (>2~ ( ll i\ 

E tl, tl , ,., / 3'55 . ( H)5 6H~ 

F "• d ] ' 12 , 7~ 0 7:15 

G b, c, g, , :!·.u, X'' .)- 822 

A li , tl, /, g 2'00i 926 <) 15 

B b, c ,, ',.., 1'5/ y 10.p 10.f5 

c b,f, .~ 1'39 · 111 0 110 1 

T o increase th e a lternating c ur rent in the co nd enser ci rc uit a nd th e 
lolldness of th e notes e m itted, it is necessary to increase the number of 

+ 
R 

/Arc 

Arc 

F1 (:. 12 . 

u licl a rcs used in seri es. Wilh th e ordina ry 200-volt suppl y o nly three 
.olid a r cs can be n m in series, an d eve n thi s number g ives lroqbiG 
owi n r t.o want of sufficie nt stability . In order t.o overcome thi s 
di [[1culty J e mp loyed lhe a rra nge ment shown in F ig . 12, by m ean s 
uf which a ll lhe ad vanla •es in sta bility of having only two arcs in 
series arc secured a l lhe sa me lime tha t, as far a s th e co nd enser c irc uit 
l> concerned, we have four a rc s in ·series and th e conscqlll.:nt inc rease 

111 the a lterna ting c urrent a nd lhe loudn ess of the nolcs emitted . As 
:,cd a t the m eeting the data w ere a s follows : Pressure of supply 200-
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,·o ils c urren l lhro ug h eac h a rc 5 ampe re~. Ca rbo ns + 1 I and - 9 m m . 
solid " Aposll e ." Arc le ng th about 1 m m . F co ncknser and kL'yboar I 
d esc ribed abo ve . L self-indu c tio n d escri bed above, with :m cxtt·.t 
po int bro ug ht o ut so a~ to red uce its ,·:d ue to l a nd give a "ccond 
oc lnve . 

A PPEN DfX [\' . 

c<..:o JJII II IIIJiuJ ! cd Fthruu r v 22, 1<)0 1.) 

I l11rin g tl 1e cx pcr in1 c' ll h 0 11 th e· ~hu nting o f a lll l' tal arc w ll h 1 
co ncl c lh c r , I 11 o t iccd th a t tl1 c r i"c i11 1' .1 ). w hic h occ1u·s b etween tlw 
tenninal s o f th e :ti'C w hc 11 the c irc 11 it is i11 cluc ti \·e: a lways Sl'l'nwd to he 
,t;1·e:dc r w hc11 th e co nd e 11 Se r w:ts ' '-I ' Jlli c·d as a shunt to an :u-c :11 tet 
s tri k i11 .t; th e s:un e than w he n the e lt:cl rocl es we re fl rs t sh nn kd \\ ith 
a co nd e nse r a nd afte rward s t he att e m pt was m aclt: to s t1·ike the .uc. 
Prof. Fitzge ra ld suggested to m e, q ui te ind e pende nt o f the :tbnn· 
obse rva ti o n, th at in ll1t: case o f a n o rcl in:try induct ion coi l :ll1 t n<:Tea-,~ 

of spa rk lt; ng th mig ht be o btai ned if in stead o f con nec ting the 
co nd e nse r, a s is usua l, p er ma nen tly as a sh unt to t he contnct poiut" 
th e co nd e nse r was di sco nn ected du ring th e tin 1e th e co nt act p oinh 
se para te to a small d ista nce, a nd was th en co nnected as a sh unt tl> 

th e m so as lo s ud d e nly exting ui sh the s ma ll a rc or s pa rk tha t lud 
form ed betwee n t hem . 

In ord e r to carry out thi s suggesti o n a co n tac t maker dri \'ell b) 
a m otor was co nstruc ted by m ea ns o f w hi c h th e co nd e n sc1· could bl' 
co nnected as a shun t lo th e contacts, w h ic h acted as the in te nnJ kr 
for th e prim ;1ry c urrent of th e induc ti o n ·oil e ith e r b efore th ei1 
se pa rati on (ord inary meth od ) o r al any d esired t im e inte rval after t he 
separatio n of th e co ntac ts a nd the fo rmati o n o f th e a rc be tween the•m 
(new meth od ). 

With thi s app:1ratus, usin g a six- in c h s pa r k " J\pps" induct i n cml 
th e primary c urrent be ing sup pli ed by three acc umul a tor s ancl reg u lakd 
by m eans o f a car bon resis tance, ;J.n d using the co ncl e n ·e r b e lo ng inn to 
th e co il , I fo und that if th e prima ry c nrre nl was adjusted to g in· ·~II · 
maximum le ng th of seco nd a ry spa rk, ti rsl w ith t he co nd e n ser a p plied 
before th e se pa rat io n of th e co ntacts, seco nd w ith t he conde nse! 
appli ed a ce rtain tim e a ft e r th ei1· se pa rati o n, th e n t he "pa r k leng th in 
th e lat te r case (new m e thod ) was fro m lwo-a ncl -a -ha lf to th n :e t ime·., 
as g rea t as in th e form e r o r onlin a ry way . Aga in , if, wh ' n th e s par· 
le1tl-( th was adjus ted lo its m aximum va lue wi th the ne w m ethod . t lw 
co nd e nser vvas a p pli ed in th e o rdin a ry way w ith o ut c ha ng ing t he 
c urrent o r th e speed of th e contac t mak e r, th e n th e scconrlan· "p:u k 
was redu ced lo a bo ut o ne-sixth or o ne-scve 11lh th e le ngth , so tha t the· 
ne w m eth od of a pply ing th e cond e nse r lo th e ind uc ti on coil gin:-~ 111 
both cases a consid e ra b le inc rease of s pa rk le ng th ove r the old . 

An o bservati o n was m ad e whil st wo rkin g with this co ntact makc1· 0 11 

th e c ur io us way in whic h a trace of oil o n th e co ntncts a ff ' ts the 
seco nda ry spark le ngth . If, wilh th e co nde n ser connected in t hL· 
ord inary way, the current through the contac ts was so s ma ll lhal 
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p1·actically n o arc fo rm ed be twee n th e m, th e n a trace of parafl1n o il on 
t l <' c.on tacls iucreasct! th e second ary spar k le ng th . I f, o n th e o t he r 
} 1 •• n d, the curren t was so large th a t a pprecia b le arc ing was la king p lac ·, 
dH.:n the oil on the co ntacts reduced th e spar k le n,t?; lh , a ppare ntly clue to 
(he o il being decom posed, a nd introduc in g carbon vapou r int o th e arc 
he tween t h e contact poin ts, thu s redu c ing th e sucl clenne:-., of th e 
llllcrrup twn of the pri mary c urre nt. 

Th · PRI-~SillE'.:T: I t is qu ite evide nt we ha\'e no t tim e for mu c h 
di c.;u-.,., ion, and I am so rry to say th e di scuss ion o n t hi s pa per cann ot 
he a dj o u r·llccl. I t h ink, however, we oug ht to cal l upo n Prof<.:sso r 
Ayrt<)l• to -,ay lrow it bears u po n th at n ·g a l ive resista nce of hi s wh ich 
\\a ..,0 n1uCh maligned so me l ime ago. 

J>rofe;,sor· W. E. AY rno:-.: : T lw pa per whi c h \\'c have just hea rd rL•ad 
m,., gi -.cn n1c cxqubite pl easure: nol bc:cau se I ha ve any claim to be its 

;wt hor·, ;tlthouglr I fe lt as pl eased whil e I hea rd il read as if I had hee n 
•lie writer· ; nor i<; it mere ly because 1 feel co nvin ced that th ese ex per i­
n cn t oi t o-n ight w ill assist in the d evelo pme nt of th e e lect ri ca l industry 
of to-n 1on ow : it is rath e r beca use it so rejo ices th e hea rts a li ke of pro­
fe si'>nal J11C J1-yca, a nd of professors- to find a stud ent wh o ,o 
It: e!l1 bl • .., a solid ca rbo n a rc th a t he is eve r o n lh e a le rt to cat ch at a ncl 

11agnify any hint w hi ch may com e from Nature o r ma n. Fro m Mr. 
lJ uddell';, papers of two years ago, a nd of to- ni g ht , we lca rr1 mu c h ; 
.unoug o thee th ings thi s second o ne has taug ht us how \'a lua hk was 
tha t rc:-.eaech rna le so me fi ve years ago by 1\'l essr:;. Fr il h a nd Rodger:;. 
l·ur what did that in ves ti gati on reall v show us? II broug ht out a n 
at.-,r;l nte ly new bel. Suppo ·ing thi s is a n alte rnating-curre nt c irc uit 
Fl '' A ), the alternato r r unnin g a! a g ive n freque ncy a nd suppli ed with 

;, given e xci ting curre nt, th e a lte rnating cuHcnt in th e c irc uit be ing 
mea_., 11·cd by a n accur·atc ly g raduated a lte rnate-current a mmclcr, a nd 
that tlus i, a w h oll y sepa ra te c ircuit- a d irect-current c ircui t suppli ed 
hy accurnulato r·s-and se ndin g a d irect current thro ug h a solid ca1·bon 
arc . '1 hen w h a t they sho wed was th is, that if you ma ke a break in t hi s 
otl 01 nate circuit a nd in sert the solid car bo n a rc ( Fig . B) without 

1 laking a n y c h a nge in the resista nce, speed , or excita ti on of th e 
:tlternator, etc., you in crease th e a lterna te c urre nt , no t mere ly th e 
cuxrt:n t when /l owing in o ne direct ion- for· t he cond e nser s lops a ny 
direct cunc n t- b ul you i n c rca~e th e curre nt in boll! direct ions; th at is, 
the alternate -c ur ren t a mm cle r read s hi g her a fk r th e arc has hcc n 
in ,.r ted tha n it did before, and hig he r than it w ill if lir e a rc he shorl ­
dn ... 1it cd. Now t ha l in ve~ ti ga ti o n was und crl:Lk e n hy lh e~e gc rlf le ­
mc u h ccau,e c ·rla in lheo rcl i ·; tl cu nsid cr:tli o ns led n1 c tv Sllgges l lil a( 
tf t lw m dhod that had bee n emp loyed by vari ou:-. ex perim en te rs to 
mea nr<.. the resistan e of th e a rc- a m eth od employed with out commen l 

r a ri erst criticism as long a -; a positiYc a nswer was ob ta ined-was 
applied in a certa in case to a n a rc a negati ve a nswer for th e resis la ncc 
of t he arc w ould be found : tha t the method , in fact, which up to tha t 
p er iod h ad been used successfu lly to g ive th e resistance of th e a rc , a nd 

•hic h h a d a lway ;, g iven a positive va lue, I pointed out would g ive unclc1· 
~:-ertam ondition ·,a negative a nsw er. Ce rtain preliminary experiments 
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having been mad e by 1\Ir. Mather which co nftrmcrl my idea, a long 
in ves tigati on was carried out by Messrs. Frith a nd l~o lgers. And t he. • 
found th at whcnc,·cr the arc was formed betwee n sol id carbon,.. , t h.: 
ratio of an instanta neous change of P.D. to the corresponding in,.,tan­
ta neons c hange of c urrent was ll t',~a/h•c, whereas if the carbons w e re 
both co red it was al ways j>osif i7,c. 

A how l of indignant c ri tici sm fo llowed. Had 1\Icssrs. F t·ith and 
l<odgers a nd I li ved in lite l\1 iddl e Ages we should undoubtedly han 
bee n humed in th e solid ea rbon arc . Bultltcrc were three di sti ngui,.,hed 
in vestigators who had th e in s i .~hl, who had lit e co urag ·,not to be dt·awn 
into thi s nel of co nve ntio nal antagoni sm, and these were Proic:-~or 

Condenser. 

D -n ~~;bon-:: 'L:_3 

Condenser. 

Fll:. II . 

Gray, then of B:mgor, now Lord Kelvin's successor a l G lasgow . f r. 
Oliver H cavis idc, and last but by no means least, the Chairm an ni 
your Dubli n local section, Professor Fitzgerald, to whom. we, l ike :.n 
many experimenters, a rc indebted for the many sugges tions\ hich h~: 
has made. And I, ev..: n I , ventur<.:cl to sugge ·t th at progress would be 
more expedi ted, I tlw~gh t, if th e cr itics, instead of merely cav illing at 
the anatomy of th e sugar ft g ure on th e cake, would c ut it open, a nd ..;;: l 

whether there w ere really any plums inside. It has remained, ho' ever, 
for Mr. Duddell to be th e real Jack H orner to put in his thumb ,1ncl 
pull out the plum, and m odestly leave you a nd m e to fini sh the d l) me 
and add " what a good boy he: i ." 
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J do not propose thi s eve ning to consider whet her or not what 
I cs-.. rs. Frith and R odgers m easured was the true resis ta nce of the a rc, 

IJecau"..; opportunity, 1 hope, we shall soo n have of goin g full y into th e 
uhjcct; but in justi ce to 1\Jessrs. Frith a nd Hocl gcrs, and in virtue of th e 

far-re aching p r incip le that th ey really broug h t to lig ht , I d esire to 
{;mphasisc "'·ha t they reall y o bta ined. 1\lr. D ud dcl l has taugh t us what 
\V h the n:al sig nif icance of thei r wor k. O ur l o~ t fri end Professor 

J•,p kinson, fo ll owing 1\lt·. \Vilde, proved se\T ral years ago that two 
3cltCJ natot-, could not he run in series. Th us, for example, if a n a lte r­
n· tor w ith a certa in excitin g c urre nt suppli ed to it, and dri ve n w ith a 
, t c ;un e n g ine, or a n e lec tri c motor, o r whateve r il mig ht he, we re 
•;uupled In ecbanically to another similat· a lte rna tor , d r iven by a n inde. 
p ·nclcnl btcam engi~e, a nd speed were go t up so th a t th e two machin es 

·ere going exactly 111 ste p and th en were joined in seri es with som e 
ut~ ide c irc uit, he proved to us that th e mo me nt thi s mechani cal 

'-oupli n g was severed th e two a lternators w ould gel out of s te p. So, as 
, well kno wn, two alte rn ators cann ot run in seri es. ,\nd he mig ht 
1 ,.c a dded-if there had been th e slig htest necess ity for him to d o so­
tl,at if h,vo a lterna tors cannot continu e running in seri es eve n if th ey 
hav<' been sta rted with th e sam e fr equ ency and ·xac tl y in ste p, s ti ll 
mon: impossible must it be for one a llc.;rnator, dri ve n by it s O\\"n s tea m 
c ugin c, to run in seri es with a nothe r ittcl e pend ~ntly drive n whe n the 
Cr .,

1
ucncy o f the s cond ts betng a llcrccl wtth tn wtck ltnuls. Never . 

heles<;, gentle m en, that ts cx,tc lly what th e arc d ocs. F or in Fig . B 
w have on e a ll rnator running in series, with a second a lterna tor, vi:~. . , 

th< ,o licl c arbo n a rc, supplyin g alternating c urrent to th e circuit-bcca u~e 
the arc tra n sforms direct-current e nergy into alterna te-current e nergy­
a HI dot>S it in s uc h a way that wheth er th e frequ ency of this alternator be 
a .. lessr'>. Frith a nd H.odgcrs found, seve n periods per ~econd, or 70, or 

170
, c, r 250 , whic h was the hi gh e~ t limit whi ch could b e obtain ed in my 

laboratory at th a t tunc, and wha tever the current 1111 g ht be, wtthtn th e 
ltmits t h ey tri ed, thi s gallant little alternator- th e solid carbo n ;trc­
helps the o ther, and suppli es curr~nt suffl c iently in phase as to mak_c 
the; alternate c urrent greater wh en 1t, the arc, t ~ Inserted than when 1t 
t:> taken a way or short-circuited. 

~1r. Duddell has not only pointed out th e importance of th a t result, 
tl l' uovclty o f th a t result, hut he has poin ted o ut something eve n 
f uther. He has sho wn us that an ordin ary so-ca ll ed perfectly sil ent 
an. -..up plied with c urrent from accumulator~ is, if th e carbons he ;,o lid, 
like the 111oulhpicce of a Hageo let or Hule, not blown. The app licati on 
lo f a shunt to that arc, co nsistin g of a capac ity in series with a self­
It rluction, p erforms two o perations. Jl s tarts vibratio ns in lite arc, just 
• , b lowing a flut e g ives ri se to vibrati ons of many different rates. Ju st 

c
1
uc of t110sc rates of vihr;di on is pi cked 011t a nd re inforced in th e 

casc of a flute or fl ageo lcl by the form of th e. re~onancc chamber 
penden t on the position o f your tln gers or keys, so in thi s musica l 

urc the particular one of th e many vibration s that is proba bly started 
• hich is picked out and reinforced d epends on the capacity of 

t e condenser and the value of the self-induction whic h is in seri es 
i h it. 

I '!O i l·S .... OJ' 
.\ yrtOII. 
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1\lre: tdy he has show n yo u a practi cal resulllhat has fo ll owed fi-on 
th is. I d o not mean m ere ly th ose illu s tt· ati o n ~ w hich h e ha~ g i\'C tl of 
magne ti c ~ pace te legraph y, and hy mea ns of whi ch h e has shown ho\\ ~ 

it has b <.: co me poss ibl<.: to easil y a nd <.:x pe rime nta lly dem n s!I·atc ll l:tt 
th e E .M.F. of th e cu rren t induced in th e d istant secondary coi l i 
proporti ona l to th e fr eq ue ncy of th e a lter nati ng cu tTenl in the JWim:u_. 
whi ch w ill be of m ark ed va lue to l ·ac hers; b ut beyond that he h,,, 
shown us how to m uch improve a we ll -known instrum e nt. The o ther 
clay he cl em onstra lecl in my la borato ry tha t, addi ng to th e orclin.1n 
c irc uit o f that ve ry in cl uclio n-co il , jo ined up as usual, his little mot<>r 
so as to put the co nd enser ac ross th e break j us/ after the break \ :1 , 

made, a spark was obtain ed from li ve to seven tim es as long as was 
obta ined with th e coil in th e o rdina ry wa_\' . Eve n if yo u t ry to m ake 
th e compar ison abso lute ly fa it·, a nd try to a rrange the VL'IY b,·~t 

conditio ns in eac h ca~e fo r th e old method a nd for the new metlwct 
you still fttld a g reat advantage . Let so mebod y lake, fo t· cx,ltltJ'l,. 
an induc ti o n coil and arrange th e batte ry-circ uit, co n lacl-hrcakcr, L IC. , 

in th e o ld way as we ll as he can, and let lVIr . D uclde ll usc the sa tlll' 

induc tion-coil , ba tte ry, co nd e nser, e tc ., a nd d eal w ith it a s well a-.. he 
can, th e n the spark produ ced in th e la tte r case will be ft·om 2! t o 3 
times as long as in th e fo rm er. 

There is one o th er point whi c h has co n1 c out in connection w ttl' 
these experim ents of a rath er cliHe t·enl kind. Some te n o t· m o t·e "~ ,1r 

ago a paper was read by Dr. Sumpner a nd m yse lf b efore th • }~{n-.11 

Socie ty, pointin g out wha t was th en new, th a t i1 1 t he case of . lll 

a ltemaling-c urrent a rc, if we used so lid carbons, th e true power gin· n 
to th e a rc, tha t is th e power measured by som e a ccurate met It Jd, wa-.. 
considerab ly Jess in some cases than th e c urrent m easur d by <I gn,)d 
curre nt ammeter multip li ed by th e pressure m easured by a n a ile ·nak ­
curre nt voltmete r . Subseque ntl y to th a t, in m a king exper iment I 
was pt·elty co nvinced th a t und er ce rtain c irc umsta nces a di r ect-current 
a rc behaved in th e sam e way. I was pre tty certa in , in t he case of .1 

direct-c urrent a rc , especia lly w hen so lid carbons were used and tht• 
arc was hissing, that th e power-fac tor was no longer u n ity, I u t 1Wt 
suffi ciently sure of th e fac t to publi sh it, especia lly in vie w f the waY 
in whi ch th a t o th e r pa per whi c h I have just refe rred to was reccin·d 
at th e R oya l Soc iety, a nd th e sce pti c ism whi c !t was rat ·eel when Dt . 
Sumpner a nd I pointed o ut how fat· from unity we found the p wc r­
faclo r was with certain a lte rn a te-c urre nt arcs. Hut now I am sun'. 
from results of experiments w hi ch have bee n re ·en tly m:tdc in my 
la borat01·y, that w ith a n a rc suppli ed with acc unlllla tors, a S<H.:alkd 
steady direc t-c urre nt arc, if Lit e ca rbons be so lid a tt d I here is h t s-.. in ~. 
th e power-fac tor ntay be ~evera l per cent. diffe re nt fr o m un ily-tl1.11 t 
th e true power as measured hy a tru e in strume nt, fo r exam ple a goud 
wattmete r, may be several pe r ce nt. less th a n th e produ c t of the vo lt­
m eter reading in to th e a mm eter reading. 

W he n I read thi s paper of Mr. Duclde ll 's , I tho ug ht he had proyed 
tha t a so lid carbon d irec t-curre nt a rc was th e most sympatheti c ,ou l I 
had ever met, but you have co nvinced us tha l th a t is not quitt: the ca~e . 
fo r yo u have shown Mr. Ducldc ll thi s eveni ng that the sympath y of ht-.. 
arc is e\·e n exceeded by th e sy mpathy of his a udi e nce. 

.. 
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Dt·. J. A. FLE MI NG: It is very diffi c ull lo d ecide who oug ht lo be D r. Fleming. 

(.u tJgral u latecl th e more hea r t il y thi s eve ning; th e m embers of thi s Insli-
llltiu for having had an opp01·luni ty of hearing suc h a del ig htful pa per 
fr- ()tll .:\I r. D ud de ll , or Mr. D udde ll himself fo r h av ing com pleted such 
•"I ..:xcc llcnl p iece of scienti ftc work . ll is a p ::~ p er w hic h I a m sure 
n .u-,t eospecia lly g ladden lhe heart of our Prc ~icl e nt , f r if 1 mi sta ke no t 
it will havc im po rta nt practi ca l r esul ts in co nnedion with e lectri cal 
e ng inccdng, <llld il w ill pe rh ap ,., as,.,isl in showin g !hal ,..c ie m:e som e-
t11ru:s does go before practice, a nd no t fo llow il. 

'J he matte r lha l has most in leresle cl me has bee n th e experiments 
w 1th the contin uous-curren t a rc selli ng up osci ll a ti ons in a ci rc uit co n­
t.1111ing a cond enser shorl-circ uilecl o n t.h e a rc, because I have been 
a ttem pting someth ing in lh a l direct ion la te ly, onl y unfortun a te ly l have 
e·rmcco tr·atcd a ll my a tte nti on on th e a llc rnating-currc nl arc bet ween 
1 1c t.d lJ<.: e lectrodes, w it ·reas I oug ht to have directed a tt e nti on lo 
1.. u·bon cleclroclcs. I a m af ra id il will be a matte r of regre t to m e that 
1 made thal choice. It is, f course, a we ll-kn own fact tha t if an 
a lter nate-current arc betwee n meta lli c ba ll s is used , stro ng oscilla tions 
ean be set up in a co nd e tber c ircui t shun t in g lh e balls, especia lly if th e 
,11 1; j, blown upo n by a we ll -regulalcd c urrent of air. Hul lh e e ffect 
\l-i th the continuous-current a rc is exceeding ly inte restin g, because it 
ecrns to Jcpend on certa in c riti cal conditi ons as lo th e s late o f a ffa irs 
;vh 11 the ;u·c is exting uis hed . If I mi sta ke nol, a roug h exp la nati on 
of !t i'> somclhing in th is di rec tio n. Imagine th e cond e nser and induc­
li\·c ci rcuit lo be placed ac ross th e carbo ns wh en lhc arc is in opcra-
1" ,11 . Then al t ha t m om ent lhe a rc is robbed of its c urrent, a nd is 
ext iugu is hcd. Tl ~ c n lh e po tential ri ses, th e co nd enser becomes chat·gcd, 
.mel it discharges tl ~e lf thro ug h wh a tt·emains of th e conducting vapour, 
-llld the n r ·-e-.tablishes lh e a rc, a nd so sets up a pe ri odi c slate of a ffair s 

a sort of flu tter is c reated in th e at-e whi c h expresses itself in a musica l 
note. Hul, as Mr. Dudcl e ll points oul, it will not lake p lace if cored 
(; l! l>nns a rc used , a nd it will no t la ke place if metalli c e lectrod es at-e 

11 ._ccL It seem s to he p •rfeclly c lear from his ex periments lhal the 

1,_a ,rlll why it wi ll no l la ke place with a mclalli c e lectrod e is because 
tlw ,lrC vani;,h e · loo q uic kl y. Pe rh a ps lhe r eason why it will not take 

1 lace wit h lh · cored carbo ns is lh a l th e conductin g vapour remains too 
long . I n th a l case I sho uld like lo kn ow wh eth er th e sound will be 
produced by co red carbo ns if b lown upon by a g ent le c urrent o f aiL 

'(; r taiu ly o ne of lh e most prac ti ca lly important parts of Mr. 
]Jucldcll's pape r is lbe ftnal section , in whi ch he d eals with lh e questio n 
<A -..v.;i l ·h co ntacts, a n I, tf [ mi s take no t, that will cause some hearl-

carching to t hose who have bee n responsibl e fo r th e manufacture of high­
tell i0n switch es. Hith erto th e idea has been in th e minds of every one 
••I 11 ,., that what a h ig h-le nsio tt switch o ug ht to d o is to have jaw s which 
Jlv apcu t a s qui c kly as possibl e , a nd break lhc arc as rapidly as possible. 
Tltat, according to th ese ex perim e nts, is cxac lly what it oug ht not to do. 
I lately came across, iu a techni cal journal, an e laborate d escripti on of 
a switch for hig h-te ns ion purposes. It was to be made of non-at·cing 
li1t;tab. I suppose Mr. Duddcll will te ll us lhal that is exaclly how not 
tJ do it, a nd t ha t wh at we want to d o in constructing a switch of that 
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D r. Fl em ing. kind is no t to d estroy th e arc, hut to e ncourage th e arc, o n ly it mu. 
be a n a1·e whi c h is und er p c rfccl con tro l, a nd whic h yo u c an w hi tk 
away by degree~, having it und e1· pe r fect contro l u ntil it is tn .>lh· 
ex tillgu ishccl . 

f recoll ect try ing many ex pe rim ent s with ca rbo n p o les u n d en1 ·a h 
th e surface of wate r draw n apa rt in th e e nd e;wou r to comba t s tn<. 
th ose very diffi c ult ies whi c h l\ lr. D udd e ll a llu d es to a t the end f hi 
pap e r, w he n he sp ea ks abo ut th e r isks and d a nge rs o f in te rrup i n,.. 
alt e rnating c urrents in co nce nt ri c cab les. l suppos · th e re is n o que · iot . 
tha t so m e of those effects have bee n du e to th e ve ry thing, h e h . l ~ 

exp la in ed to us to -ni g h t. 
There is o ne o th er poin t I should like to no ti ce, viz., •xp ' J·imc nl!> 

w ith the induclio n coil. Tl is we ll kno w n to every o ne wh o handle·>' 
induclion coils that al t ho ug h a coil w ill w o rk w e l1 wi th a Ct.; r l:ti .J 
num ber o f cells, la king, w e: w ill suppose, li ve ampe res a nd"" 1· k i n~' ·itl 
le n volts, yet if you try to wo rk tha t coil upo n a roo-volt c irc uit , and J. ut 
in a resistance to keep the curren t cl o w n to five: a mpe res, it willn t w or'· 
at a ll. Y ou gel a \'Cry red uced seco nd ary s pa rk o ut o f it. And the 
ex pla nat ion is c lear. \ Vhe n yo u hav ~.: tlw h ig he r vollag~.:, as t h e cont.> ·t 
poin ts sepa ra te th e arc is draw n o ut, a nd the d ecay o f the m agne ti 111 

o f th e co re is th e refore hind e red , whic h is exactly w ha t you tin pot 
wa nt. The refo r ~.: the m o ra l o f th ese thin gs is, t ha t in th e ·o nla · 1 o f .111 

ind uct io n coil you m ust d o exactl y ll w o pposite lo tha t wh i ' h o ught to 
be cl one wh e n co n ~lrucl in g hi g h-te nsio n s w itc hes. I ' till s ure a ll thi-, 
port io n o f Mr. Ducld d l's pa pe r wi ll ha\·e valua ble conscquen c<!" i1. 
d irectin g th ose respo nsib le fo r th e d esig n o f la rge switc hes to c nsidl'f 
the ir ways a m! be w ise . 

~ J r. T roller. Mr. A. P . T IW TTEH (co ll ll llllll i ca /cd ) : Th e facl lh <tt I ha ve publi s h d 
so littl e a bo ut my researc hes o n the ro ta tory phe no m e na o f th e din:~ • 
current a rc, m a kes m e re lu c ta nt to c riti c ise th ose pa r ts o f h. 1 uclcle11. 
paper whi c h cove1· the sam e g ro und, a nd if I eli I diffe r w it h h im on .t 

fe w iso la ted po ints, 1 d o so w ith o ut d imini shing nty c~ teem lo t· the 
pa pe r a s it a ppears in print, and m y admira ti on fo r th e exp •rim(.'llt~ 

w ith w hi c h it was so bri ll ian tly ill ustrated . 
The se nsiti veness of th e a rc to sm a ll var ia ti o ns of the Ul-renl , ~•· 

bro ug h t to m y a tte nti o n by th e c lic l s w hi c h cor r esp o n ded to th. 
commula lo1· sections of a lilli e: m otor whi c h I used to drive m · ·t n)bll· 
sco pi c di scs. The mo tor was in shunt to pa rt o f a n iro n-wit·c 1· •sist<I 11CI." 
in seri es with the arc . [ u s~.:d a bo ut 2 0 a mpe res o n a roo-vo lt · ircnit. 
Th e mo to r took a bo ut o ne a mpe re ; I substituted a n i ndu c tion o il llll" 
th e: mo to r, a nd th e hum o r squ eak o f th e c ontac t m a ker was c lL-;HI · 
re prod uced by th e: a rc . In bo th o f th ese cases th e m a in c u iTent , a~ 

not in te rrupted , but a sm a ll c ha nge w as made in a shunt. 1 used It~ 

wo rk late a t nig h t, a nd did not a ttempt seri o us w ork until I knew I)) 

the sound that th e Ke nsing to n Co urt d y na m os had shut cl ow n, and 
that th e supp ly was d e ri ved fro m th e batte ri es . 

l do not think th a t th e m odd ex hi b ited to show th e ro ta tio n of the 
arc ga\·e a good id ea o f th e :-tclual co nd iti o ns. The c ra te r is h ori Lo n ;tl 
\\'Jth a good arc betwee n ve rti ca l carbo ns . v\' ilh a silent, fair ly :hurt 
arc the c upped surface appears to be uniform ly l11mino us, but o n grad u,lll 
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in · r c a -; ing th e c urrent, and hdore th e hum b eg ins , pholomet ri c :-tl Mr. T ro tte r. 

·•c:tnJinatio n shows the robtory ph ·nome n0 11. The hri .~ht spo t is thc 
" head ' of the comma-like patc h o f lumin osit y. This s pi11 s round , but 
a lways w ithin the c ra te r, and il ca n ncn;r he" on the o th er s ide of the 

·arbon " as Mr. Duclde ll suggests, unless th e arc h · \T ry long , a nd 
he + c arbon rounded inst ·acl of hc inp: flat 01· cupped, and th e arc ,·c ry 

incgular. I think Mr. Ducldcl l has ra th e r exaggerated th e extent of 
til . ro tation, perhaps by way of nl:lking th e point more clear. But 
1 agree with him generally that th e pe ri odi c \·aria lion of th e light 
i - 111ost probably clue to th e fact that :-tny one port ion o f th e cra te r 
-;upplies at on· lime a bril liant and al an o th er tim e a less brillian l li g hl 
(, t !J · osci llograph mirrors. llnlcss th e wh ole o f th e lig ht can be 

coli ·<..:ted and dea lt with, I cl o not think that th e :llllhor is jus tifi ed in 
"'ii•g that" the light " varics with th e frequ cncy of th e hum . It is not 

11
;,ikely, however, lhallhe to tal lig ht d ocs Yary; hullhi s, o n account of 

the v aria ti on of c urre nt rath er tha n on th e streng th of th e au th or's 

}'ho lographs . 
I n 1 R -1- I o bserved the \"ariali on of th e c urre nt by means of a 

de~,!Jone wound w ith thi c k wire carry in g the wh ole current of 20 

aJ np .1-e . J made som e attempt to m easu re th e variat ion, as :1n allcr ­
llat Jng eUT·rcnt, but l had no t th e mea ns fo r d o ing so: thi s was one f 
th..: Jll ~L ltcrs wh ic h I w ished to itwc~ li gatc bcforc publi shing anything 
nlt>n · O th e r matters which I have rcga rcl ccl as indi spen~ab l e features 
o f ;u 1 accouut of the humming arc arc a set of photographs o f th e" while 
"P"t ,'' t h e "comma,"_ and th • " butterfl y, " and a n in vesti gatio n of th e 
.rdat ·ou between pcn oclJ City, f hum, c urre nt, and le ngth of arc. The 
variat ion of current has bee n adm irably measured by 1\1 r. Duddcll , hut 
ht. J. , ,., not , [ think, throw n a ny li g ht o n th e cause of the v:-ti·iali on. \Vc 
IIH:rel y have his !> latcm cnl, !hal with a humming arc th e c urrent and 
tl c '- olts and th e ligh t vary with th e freque ncy of th e hum. I sec no 
likel ih o o d o f bei ng able to continue my researc h a t prese nt, an I I should 
oc g lad to s cc-1\ lr. Duclcle ll o r some equally com pete nt investigator take 
it u p \·h ere I left off. I think that [ ca n account fo r th e ro tation, but 
1 a:n tl uite unab le to uncl e rslancl th e \·ariali o n of th e c urrent. 

fle e a lo ng '> ludy of en larged i m:~gcs of silent, humming, a ucl hi ssin g 
arcs, the author's di agrams, Figs. (> a nd 7, d o no t co nvince m e !hal !VIrs. 
, \ Ttoll is justifi ed in suggestin g that " th e hi ssin g arc is also p mba bly 
rotating." E xaminatio n of th e itnages of hi ss ing arcs with Y:lri ous 
kiucl s o s troboscopi c di scs has no t di sclosed c ithc r t·otati on o r 
wr ioc!Ici ly . The diagrams show exactly w hat mi g ht he cx pcclccl 

10111 a pho nograph rept·oducli o n of a hi ss . Th e ima.~e of th e c ralc r 
of a h issing a n .: shows a patc h or patches of hrillianlluminosily jtllllJling 
al>ou l : I can find no hc llc r ex pression. They may fli c ker with m ore 
, r lcs'i .-cgularily fo1· a second o r two, but with a n ordinary hi ssing arc 
the behav iour is e rra ti c a nd ca pri c ious. Fig. 6 shows thrce waYes 
Jul\· ing a periodic ity of abou t o ne hundredth of a second ; if thi s w c1·e 
~onlinucd fot· an appreciable pe ri od it would g i,·e a hum, sounding th e 
Jowt:1· G of the bass clef, and in so far as any peri odicity ex ists, th e a rc 
i ;, humm ing arc as w ell as a hissin g arc . As in th e case of the 
h um ming arc, th e r ·cord of th e osc ill ograp h ca nn ot be accepted as 
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indi cating th e \'ariat ion of th e wh ole li ghtunlc~s th e wh ole light is d •.til 
with. 

Of th e remaind er of th e pape r I will say nothing but to rcpc;tt •II. 

admirati on, and of th e pads to whi c h I have referred I w on! I "'1~· 
wi th out d i spara.~eme nt , that th ey scn ·e to fill up chin ks bc hY<: en the· 
c la ssical pape r o n th c 1-li ~s in .~ ,\rcand one o n the llnnuning At-e, \ ·!tiel 
has not yd bcc n writt c n. li e wh o has tim c :uu l o pporlunitie-. tlr 
writ ing th e latte r has so mc fasc inatin.~ work to d o. 

Mr. 1'1'1. O ' (;O il~ l.l :-1 (co llllllllll ica/ c:d ) : l\J r. Ducll e ll , with a clmu. thl. 
se lf-restraint , pub th e suggesti on o f damagL· to ·oncc ntric c;thks Jnun 
th c sudd cn interruptio n of a n arc helwec n n1 c la l contact s in th e ~ hapL· 

of a ljues ti on. !li s sugges ti o n is very prohahl .v rig ht in ccrl. t in .._-,, O:'· 

hut I think tlH.:sc cases arc at prese nt rare, fo r seve ral reasons. 
1. The capacity need ed lo exting ui sh sttd<knly a mc la lli • ;u·c \l'hL'll 

th e volt age was 200 was shown hy hi s ex pcrin1e n h to be co nsidct.th!t• 
·-as cable capacities go. (Th e c11lirc clc\'l: n mi les of th e F err:lllli 
Deptford m ain has only a capac ity of 3 ·X mi c rofarad s, and 1\Jr. Dudddl 
used 5 mf d .). 

2 . That capacity must be, so to speak , immediate ly av.ti labk. ntl 
separated from the arc to whi ch it is a shunt by e ithe r ~clf-inducbuil• 

or a resistance, on<: or both of whi c h arc almost always JH·cscn t i•1 t h 
armature of th e dy namo, motor, &c ., if not. in the ma ins, lht·ough which 
th e cable capac ity ac ts on th e arc of a swit c h . 

J. The ca pacity is almost in variably shun ted in low-tcn >. io n spll'lll' 
by th e 11 0n-induc ti ve filam ent s of the lights whi ch arc no t ex ttngui,hci 
at the l ime of th e operatio n f th e switc h und er consid c1·ati on , f01 tl1l" 
load on a centra l stati on of a ny mag nitude suc h as wo uld have a lan!L' 
capac it y on its ma ins neve r fa ll s to zero. 

4· The leakage from mai n to main is a lmost in v: u·iably sult1cicnt t•' 
a ll ow a normal current of a fe w amperes to fl ow; thus the c.tp:t ' t l~ 

shunting the arc is itself shunted by a s mall resistan c ·, say lt)' 

ohms, even supposing the arc to be s truc k wh e n the re ar · no non­
i nclu clive fil aments conn ected. 

5· It was proved by Northrup and Pie rce (Eieclnca.l ll'orld , i\o\· . 11, 
1897), in a paper quoted by Ste inmetz, lltatthe di srup ti ve effect f hi ~·h· 
frequency oscillati ons fr om a co nd e nser and self-induct ion, 01· the pc.tkr 
volt surg ings from an inductio n co il, is muc h less than th:1l of .t 
sinusoid alte rnating vo ltage, o n heavy in sulating o ils (whi c h an: thL' 
basis of th e bulk of mode rn co nce ntri c cables). He nce ~.ooo volts d '~'' 
not of itse lf al ways mea n a ve ry heavy pnn clu rin g cffect a p p l iL·d tu .I 

cable, though it 1uay mean a g rcat d eal with a pi -cc of dry pa per, th.' 
path across whi c h is practically an a ir-"ap . 

O n hi g h-tension mains in ordinary pract ice WL' arc far fron t gell ing 
th e short snappy, a lmost explosive ex tin ctio n of th e spark w hich 
Mr. Ducld ell got on cach occasio n sig na li sed by t.l1 · paper pu n · t urin~. 
a nd I have been un ab le to speak to a ny o ne wh o has seen ~uch a suclcl 'h 

inte rruption of the arc in practi ce on th ~.: m ain ~ . This is clue to t \'L­

fac ts. First, that a D.P. switc h is a lways used whi c h disconnects t ht: 
co nd enser from th e c irc uit wh ile breaking it ; a nd secondly, if one li nth 
of the switch op erates before th e o ther has begun to an;, as is frequ nt 
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(II" if a -.inglc-po l<: -.witc h is u-.l· cl , th e co ncl e tt ~l· r i ... no t direc tl y in shunt 
, 1cro"" the m e ta l a rc be tween lhe contac ts, but is across th e m, in series 
·•·llh !lie .·elf-indu ction.> of fil e lin e aud so uw j>11rl of th e fond in parallel 
,, {//J !lie a !lema/or. \\'h c th e r alte rnating ge ne rato rs having small se lf­
iuduction a n : fo r t hi ~ reaso n t l> he prefe rred , is a qu ·stio n whi c h i ... 
p rrJila hly sclll ecl by th e f.td that all a lternat ors no w mad e have s ne ll 
, ,.,j,ta tJC<- a nd self-inducti o n that s park -. are nu t usually sw:unpcd with 
tin-. d;lllgerous suclcl c nn css. 

1\ l r. 
O'GIH'Ill:lll. 

Evet yon· wh o hea rd 1\ l r. Dudcl e ll' -; pap •r ntu sl :tg ree that he may 
j u~ 1 1y fcc.:l proud o f hi s brilliant success, bo th in researc h work and in 
d~:'n u t t s u ·atio n . 

J>1 . E . \ V. MAI~C IIA 'I T ( <'OIIIIIIIIIIil'lllcd ) : T it-re is a qu esti o n whi c h is ~·;;rc ll:.nt. 
1,f , onH· inkr ·:>tin co nn ect io n with o ue of th e experiment s 1\ lr. Duclclt.:ll 
..,]1 0 w 1 c1 al th e d e m o nstrati o n o n l k <.:c mhc r 13lh. l n: fn to !hal in 
wl 1ct 1 t il~.; mu ... ic o f lh · ar · was !'trs t <.: ltattgL·d itt note, th e n ;.lo pped 
aito~dh ., . hy th e introdt tcli o tt o f an iro n-w ire <.:ot·e int o th e sclf-indu<.:-
ltC•f; lw va -; us in g. 

,\pat t a ltogeth er from pheno metla produced hy energy :1bsor plio n, 
tlJc incn;ao.;cd self-inductio n of th e co il produces a n inc reased im ­
pecl<tnce of th e c irc uit, a nd a co nsequ e ntl y cl ec rcasecl alternating 
c urn.: 11 i n th e circ uit, the impressed P.D. re m ai nin g consta nt. Thi s 
rcdncccl c unc nl g ives ri se lo a dimini shed expa nsion and contraction 
of thl' vap o u1· column , and con ~eq uen tly a note of less int e nsit y is 
h canl. A t th e same time, th e absor pti o n o f e ne rgy in the <.:o re pre­
\enh the a mplitude of the osc illati o ns in th e c ircuit increasing beyond 
,, c~ rtain limit ; th ey arc damped o ut loo quickly. [ wi sh lo d raw 
.tt tention m o t·c parti c ularly lo I he causes o f th e e nergy absor pti on. 
11t. 1Jucldcll cl e~cribes th e effect as being due to hy steresis, but I tit in k 

c ,.,hould d c,.,t..: ribe it a~ an efiec t partl y clue to hyste resis a nd part ly lo 
eddy t..:urrent loss. ll does not see m to b e generally recognised that 
u1 • eddy c ui r c nl loss in iro n is a lways very much g reater than in any 
otl t · r metal, copper fo r instance. In severa l i n ~tan ces d esc r ipti o ns of 
dfcch produced by iron wires th a t arc no t produced by copper wires 
II:n:c hcl:ll publi shed, and th e cau~e of th e difference in behaviour of 
, 11 ,. two metals a l once put clown lo hy leresi s without ta king acco unt 
u l eddy curre n ts, quite forgetful, appare ntly, of t he fact that edcly­
t. UtTe lll los-, in iron w ires at o rdi nary ind uc ti o n d e nsiti es, is many 
th<Ht ·ancls o f limes g reater than in cop pe r, in s pit e o f the rela tive ly 
g 1 e~d cond uclivi ~y or ~opper . . F o r exampl e w ith No. 28 soft iro n 
\ • t re~, w ith a n tndu c lto n dcn s1ly o r about 15,000 ltncs per sq. c m . 
• lll d a frequency of I,ooo, th e edd y-c urrent Joss is d ouble tha t w hi c h is 
due to h ysle re -, is. l l wou ld see m , th e refo re, in thi s ex pe rim ent lhal 
t·rldy ct ttTe nts a re al h:a,., t as pote nt a s hyslcr •,., is. 

Th e ve ry inte resting ex pe riment show n by Mr. Duclclel l with an 
tud udio n co il, in which the spark le ng th fro m th e secondary was 
me t ca-,ccl by connect in g th e co nd e nser th e in sta nt afte r th e spark was 
'J rlllecl at the contact breaker, is capab le, I think, of a comparative ly 
in 1p le explanation. The experim e n ts preced ing thi s proved that 

the P .D . induced be twee n m etal c leclrocl cs is hig her w he n th e con-
dense!· i~ s udd e nly switc hed o n w ith the a rc burning, than when the 
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c ur re n t i-; ~u cl ck nly s\\·it c hccl on , t he co nd e nser being :th\ .t}-, i n ~-, ll· 

nee! io n. 
\\' he n :t co ncil:nser is sw itched o n betwee n the termi nals o f a -.p ;t n.· 

gap, oscill ations arc scl up in the co ndcn-;er c ircuit (the frequencY o i 
th e osc illa tions d e pc ndi ng o n the co ndi t io ns o f the c ircu it) which m :n­
e na hl c th e a rc to n:slr ike. ff, hO\\Tver, the t ime at wh ich the cn n­
d e nsc r is s w ilc hcd o n h e so rq.;u lated that the arc wi ll just no t rc -., tnk •, 
t he CIIITen t throu.~ ll th e coil i,.; a nnulkcl w ith g reat suclclenncs..,, at .. 
rate ca lc ulab le fro m th e co nd il io ns o f t he c irc uit. If, o n the o ther 
hand , t he c ndcnse r h e a ppli ed from th c begi nn ing o f th e break, th 
arc wi ll he a h l<..: to res t r ike, ami ra pid!\· a lt e r nat ing c urre n ts \\illlravu·s<' 
th e m eta l arc unti l th e di sta nce hcl\\Te n the co ntac t points has '-'tl tar 
in c rcasecl a s to pn.:,·ent thi s. f n othe r worcb, th e can~c of the phc· 
nom e no n is th e fact th a t the rate o f fl ow o f c urre nt in to a con lens '1, 
a nd th e conseque nt rate o f extin c! io n o f the c urrent th ro ug h the i ndu~·­
ti o n co il , has its maxim um va lue wh en th e conclcn~e r is hr -.t ~·on­

ncctcd , a fac t kno wn fro m th e solutio n o f the equali ns clctermnu ng the 
c harge o f a co nd e nser. 

I can o n ly add my co ng ra tu la ti o ns to r- rr . ])ud de ll o n h i~ admirahi, 
pape r, a nd sti ll m ore admirabl e e xper im e nt s. 

~ l r. l{u<Sc ll . Mr . A L E X.\ " I>ICR H USS E LI . (cO III II IIIIIica l cd): For his woncl,•J iul d i.;-
cove ry o f a s imp le m et hod o f o b ta in in g a llc m a linp; c urn:nts of lHgll 
f reque ncy fro m th e direct-curre n t m a in s, Mr. Dudclell d t'sl rye.., lht' 
g ra tefu l tha nks o f :ti l e lc c! r i c i a n ~ . l n ca~c a ny of l ho~c who cl!cl 1111l 

hear Mr. Ducl ckl l m ay thi nk !hal th e method 1·cquircs e lahorat<.. app · 
ra lus o r ca refu l luning, the fo llo \\'i ng account o f a rongh expenmL 1 

wi th a n o rdina ry d irect-curre nt arc la mp may p rove mstruct 1\'l' . T he 
lamp was run ~lirec t fro m th e hundred -yo ll s treet mains thnlu~h .t 

resis ta nce, and had th e o rdinary shunt and seri es regu la ting t>i b. .\ 

co il of rro yard s o f 7/ ' 5 cab le a bo ut 2 feel in d iamete r, w rap p ed u p." 1t 
came fro nt th e make rs, was pul i 11 se r ies \\'i lh a co nden ~cr, a u ti the l \\ '' 
w e re pl aced as a shunt b ·tween th c carbo ns. The cond e n:; t'1' w .t ,, 
ve ry roug hly m ad e o ne o f abo ut 1·9 ulic ro faracl c a pacit y, and \\'.1 

s imi lar to th ose used w ith o rdin a ry inductio n coi ls. O n s witc h m g ' 11 

th e c ur re n t, wh ic h was a bou t twe lve a m pe res, a hi g h mu-.Jca l 110t•~ 
could bc heard very occas io nally , but o n reduc ing t he c urT ·nt l hc n ulL' 
becam e con tinuo us. P lac ing an o th e r coil o f ca bl e in l hc n eighhnur· 
hood of th e Jirs t coil , it wa s easy lo feel and easy to sec b · t he -..p.tr kin;. 
o n breaking th e c irc u it th at po we rfu l induc tio n ciTcc ls \\'C1C t:tking 
phce bcl \\' ee n th e two co ils. T he induced Jo:.1I.F . could abo h · 1t.1d 
o n a ho t-wire \' O il me ter up loa di stan ce o f two o r three fcct hct\\' ~ l tt 
the co il s. 

A Sie me ns' e lectro-d y n:unom elc r p l:iced in th e m a in ci1 c u it rcnl 
3 ampc rcs (C), a nd a no th e r in th e co nd e nse r c irc uit rcad 2' 1 .unpLTt' 
(f ). T he resistance o f the ·o il of c ;lb le a nd o f the d yna m o m ete r .t !lll 
lead s was a bout o ·zs oh ms( ! ~ ), a ucl th c m us ical no te g ive n o n t by tlll' 
a rc showed that the fr eque ncy o f th e a lte rn a ting c u r rent w as a h Hit 

l \\'O o r th ree tho usand p e r sccond. T hc P .D. betwee n th e ca1·b o n ,; \\',1 
4t) vo lts, a nd the c urrent in the main c irc uit d id nol a p prec ia b ly . Itt · 

w he n th e cond e nser· c irc u it was S\\'i lc hecl o n and o tT. ... 
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T he po wer-factors of the arc a nd the co ndense r c irc uit can be ~l r. '~ 'IS'c l l. 
ca ilv fo un d. Let V + c be !he I' .D. between the carbons where \ ' is 
a cn;; ,tant and e varies, then, as is well know n, the e iTect i,·e P .D . will be 

!"\·" + ,,-, where v i:-, the cffectin: va lue of <'. Let abo R he th e 
re;:-.i tance of the condenser circu it, shun ting the a rc wh e n th e con-
h:n -.c.;r is shod-circited , and I •t I be the cffecl iYe Yalu e of th e in sta n-

t.c~ wc>US current in t his c ircui t, th e n th e po,,·er expe nd ed in it will he 
<. ra + H, where T! repre,enls th e power ex pended in th e ·ond c nsc r 

a:Jd in neigh bouri ng metalli c c ircui ts. \\' he n we can ncglecl II , th e 
puwcc-factor of the co nde nser c ircu it 

lr ue wall s 
ap pare nt w: tll s 

..j \ " + 7'" I 

rn 
J V'' + 1•' 

=0'011. 

[( )n !,witch ing off the co nd ' ll sc r c irc uit th e P.D. fe ll from 41\ to 40. 

Hence ,../V ' + 11"=48, V=40 
... 71 = 27 

In ~ 1 actic 7' and I d o not remain steady for m ore th a n a few seco11ds 
a' ., tin c , and vary between wi d e lim its.] 

If ' be the current in the main c ircu it, th e n th e a lte rna ting com­
,011 ·nl in C is ve1 Y sma ll , and so we can consid er Cas co nsta nt. 

T he instantaneous power} = (Y + 1•) (C - i ) 
expended 1n th e a rc = \ ' C - 11 i + 11 C- V /. 

- 0 v the Jnc.:a n value of th e las t two te rm s fo r a comp le te pe ri od I S 

zcru, and the n1 ean valu · of - 11 i is - n P. 

: . P ower expend ed in arc =\' · - l~ P 

VC-RP 
.. P ower-factor of th · a rc = -J / ,., + 1•" , P + C" 

=o·68. 

'1 1 L cutTen t through the a rc is of course , / I' + C' , i. e., 3'(>6 amperes. 
The..: power-factor of both a rc a nd cond ense r c irc uit tak e n togeth e1· 

\' C- R P + I ~ T' 

' .JV"+ 7•" 

v 
- .JV2+ '2'--= . 

I c n cc, a Professor Ayrto n pointed out , we h;n-e part o f a dircct -
11cnt c ircu it with a power-fa c to r Jess than unity. The d etermination 
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of 7' i ~ no t Vt; ry easy wh e n 7' is small , as Y a nd J V" + 11" are nearly eq ual 
to o ne anoth e r. F o r t;x;unpl e, if V is 4tl and v is 6, th e n th e cl ifferen ' t· 

between V a nd JV" + ,,~ i s o nly o ·:;7 o f a \·olt. 
l'vlr. Dudde ll m e nti o n ~ lh:tl fo r :t \" l! ry rap id ri se of i, 1' sho w" a n 

ini t ia l r:tpid r ise, : lllcl he nce 7' :tnc! i \\"ill li a\"l: lli e same " ign . T hh 
"<.:<.: IllS to indi cal<.: th :. l w lt t· n lli l! fr c:qu c ncy o f l il t· natural viht.tlton t l 
th e co nd e nse r ci rc uit is .~r ea l<.: r th a n 1o .ooo it m:ty he impoo.;::. ih le f<H ih 
current to absorb s ufli c ie nt e ne rgv fi"(H ll th e a1·c to keep up lh · \'ih•·:t­
lio tt s, and li e nee th e ph e no m e no n \\"Ould ccasL·. .\ .._ l\Tr. ])ucld c ll h.h 
not yd publi shed hi s ex perim e n ts o n the resi-. t:utce o f the cledt k .tiT, 
it pe rhaps would he hardl y fa ir to a , k hi m to el uc idate mo•·e fu lly some 
of the result s in co nn cel io n with it he ha" m e nti o ned. So far a s Jllk­
rcsl :llld im portan ce a rc co nc <.: r11 ed , th e: pape r hy 1\Jes-.rs . D ud cl ell a nd 
Marc hant o n alte rnate ct iiTCit l ar co.; was hare! to hea l , but I t h in k , fr. 
Dudde ll lias cl o ne il. 

Mr. 'v\' . C. C t.I I'I TO~ (CO IIIIIIIIIf ica l c·cl ) : The exlin el ion o f th e m d.li 
arc wh e n shuttled hy a eond c nsc r io.; p ro bably ma ter ia ll y as,istcd h\ the 
supe ri or co ncl uel ivity o f m eta l t; leel rocl cs. In co nt innat io n o f this 1l tll.IY 
he no ted th a t c:dinel io n unck r g i\·t; n condi t io ns is cl!rtain will cop pt•r 
poles, les o.; Cl! r ta in with zinc, and d ocs no t ta ke place w it h c arbon . II 
w ould he in le rl!sti ng to !; now w het he r l!x lin c tio n is ac co m plish e 1 \nth 
th e sam e certainty using co ppe r a ftt;r the :-tn.: had h •en ru nni ng i 01 . ~:n 
a n ho ur, ancl c \·cry thi tt g was tho ro ug hly ho l. 

l\1 r . 'vV. D U D D EJ.L (in re ply ) [ CO IIIIIIII IIiw l ed February 22 . H)O t J: T' 
th e int e restin g re ma r ks mad e by P ro fesso r Ay rlon o n t he co n nt·clitm 
hd wee n m y expe rim e nts and tiHbe o f Mess rs. Ft-ith and Ho lgers, .llld 
o n t he be: u:ing o f th ese ex pe rin w nh o n th e yaJu e o f th e resi ~tan cc· ni 
lh e arc, I w ill ma ke no re ply, ;ts l ho pe :1l a n ear ly dale to l!n!l't YUY 

ftdl y into thi s subj ec t. 
Tl w fact thatlhe po we r fa c to r o f a direct c utTt; n l hi o;sing arc io; iL ' 

th a n un it y is t; \·id c nt fro m Fi .l..(s. (,and 7, a nd its va tu · coul d b e c .tkn­
la l ·d fro m th e m. l'vlr. Alexand er J ~ u sse ll justly points o u t th at lh• 
po we r facto r o f th e i\Iu sic: d Arc is a bo less th a n u nity; in fact , it .u1 
arc, o r any oth e r co nd ucto r whi c h has a resista nc l! o r an h .. f. I:. 
d e pending o n th e s tr c n .~th of til e c urre nt , fo rms pa r t o f a c irnut 
throu .~h whi c h :1 \":try in g c urrent fl o ws, so th a t tlt l! irhtan tancou::. \'aluc> 
o f th <.: P.D. and c urre n t d o not have a consta nt ra ti o, the n th e p tl \\ t· t 
facto r o f that c irc uit wi ll he Jess than uni ty. 

Dr. F km in g , in hi s ex pl a nati o n o f th e pl w no m ·na o f the i\f n,.tc:d 
i\rc, a ss ttm cs that th e ar · is extin .~ ui sh ccl a t eac h osc ill .tt io n ; hut thi i, 
not tt cccssari ly th t; case, a s by c hang in g tl w conditi o ns of the arc. th<' 
Ct l1 Te 11t ·:ut be ca used , e ith e r to va ry ove r a ve ry limi ted rang e \\i lhllul 
at a tt y instant becoming ve ry small, or it may he cansed lo \'a r~· O\"t't' 
suc h a la rge ran gt; that adual reversal o f tl tl! directi o n of the c mt·t·nl 
th ro ug h th e a rc ta kes pl ace, tlw arc c tuTl! nt hcc mi ng p•-a I icall~· ;111 
un sy mme tri c:d alte rn ating c ur reJll. 

Dr. F le ming :-t lso asks whd ht! r cored ca r bo ns can b e used if th e ·1rc 
he b lo wn upo n by :1 ge ntle c urrent o f a ir. Inte rmitt e nt a rcs can ···t · 
tainly b e o bta in ed betwee n cor l!d carbo ns by thi s means; in fact, so 1:1r 
a s I have tri ed, i nlennitteul a rcs ca n he produced be tween an eke 
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rod c s with suitable c ircu it co nditi o n ~ a nd bl o wing e ith e r hy m ean s o f Mr. Oudde 

a tnagncl o r a c ur re nt of a ir. Thi ~ Ja ile r ph e no m e no n, wh e re th e arc 
j -. , ~o to say, mechanically ex ting uis hed and re lig hh, must no t be con­
fo unded with the l\ I u~ i ca l Arc, whi c h d epe nd s fo r its ad io n o n a cerl a in 
-,pcctfic prop erly of the a rc consid e red simply as an e lect ri ca l co ndu c-
tor·, no ac tual exti nctio ns or· in !e rnritl :uH.:es o f th e a rc be ing necessan · 
f o 1 be phenomena to mai n tain th emse l\'e s contin uor rsly. 

Dr-. Marchant raises lh e que,., ti o n of lh · co nn ect ion he l\\'ee n lh e 
•. due n t the a lternat in g c u rTe nl in I he co nd e nser c irc uit shunling th e 
a r·c , a !ld the frequency. 1 ha\·e measured thi s c urre nt , a nd I lind il 
y 1 r. lilt!<- ~tffec t ecl by ·ha ng· in fr equ e ncy _; thi s is pro bab ly clu e lo th e 
LH.: t thal the periodi c tinr e o f I he c urre nt is a lways th e sam e as th e 
peri o dic time of the c irc uil, so tha t it is th e resistan ce o f lh e shunt 
c 11-c uil wh ic h d e termi nes th e fl o w o f th e c urre nt and not its self­
induction or capacity. D r. l\l a rc ha nl says I hat " eddy c urre nt loss in 
tf''.J ll 1 , n1any thousand lim es g reate r , al o rd inary inductio n d e nsiti es, 
th,u• i t~ copper," but is th is a fac t ? I f th e iuducliou is lin: sam e, th e n 
th. 0 -.;.., 111 co pper, other thin ,!.!;~ be in g equa l, is greate r than in iron . 
I rrc,., nol Dr. Marc ha nt m ean fo r I he sam e lllll,(fll clisiug force .1 Taking 
the case o f the experim ent sho wn a t th e m T lin g o f an ir0 11 wire core 
int r o duced in lo lhcsc lf-includi o n co il s to pp ing th e no le . The coi l used 
V• ·~> i ,.,t<. .. cl of 9R turn s of N o. 12 D .C.C. win.:, m ean diam e ter 35 e ms. 
:;. lt-induclton w itho ut core 5·3 X 10 1 he nry . The co re used con-

i- ted of a b und le 3 e m s. dia m ·le r o f No . 26 iron w ires 54 e ms. I ng . 
\'cigh t r9 kilogrammes. The fre4ue ney was abo ut 950 (\.j pe r ,eeoncl 

wi t i1oul the core a nd was reduced by ib introduc ti on, th e arc jus t 
faili ng to e mil its note wb ·n th e core was ce n tra l in th e co il. Il is 
im prohahl e that th e in d uctio n in lhe core a lla in ccl J ,OOO Jin es per C lll. 0 

0 tha i a lthoug h lhe eddy c urrent loss is consi le rablc, I s ti ll th ink that 
thl ( C!:>Salion of th e no te was mainly due to hysle ri scs, th oug h w he ther 
It w a ,., doc to hyster i se~ o r edd y c urrent l o~scs d ocs no t affect th e obj ect 
nf t h e (•xperim e nl, viz., lo s how that cau ses wh ic h le nd to dissipate th e 
c ncr·gy in the cond e nser c irc uit may sto p t he arc g ivin g its no te. 

1r. linto n ask, wh eth e r the extinctio n of th e m e tal arc w he n 
.,}J 1n ted by a co nde nser wi ll lake p lace with the sam e certa inty afte r 
the a 1·c h as b ee n running for , say, a n ho ur. 

I have n o expe ri e nce o f meta l arcs whi c h ha\'C been runni ng for 

11 d 1 ;t lo n g lime; a ft e r a fe w m inutes th e arc is bumin g betwee n 
giCJhu le"l of m o lte n mdal ~ a nd in thi s co nditi o n lhe cxtin cl'i_on still lakes 
nl;u;c. ;\ny furth e r hurn rn g w rll no l , I tl11nk , matenal!y a lfect th e co n­
~l i tions, a s lh · m o lk n nu: ta l th e n drops o ff as it is fo rmed. f a n1 o f the 
( pr nio n thal Lh · ~udd e nn e;.,,., d ocs de pe nd o n I he qui c kn ess w ith wh ic h 
tl < vapour· cond e nse, und e r th e g in ·n conditi ons; thus, if the wh o le 
pac. i n w hi hI he a rc was burning \\'as at ;t hi g he r· lempcr·ature than 
he temperature of vo l<l tili sati o n o f th e m e ta l, I sho uld expect th a t 

ext inction wo uld not be produced . 
In c o nnecti o n with the s ubj ect of th e d a nge rs o f capac ity shunting 

1 lr•: . w itch contacts in indu c tive c irc uits, Mr. O 'Gorman advances 
l1i •ve ra! reason ~ fo r thinking that at prese nt such dangers a re rare. I 

111 n ot, how ever, incl ined to agree with h im, <tncl if I were re -writing 
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M r. Dudclcl l. my paper at the prese nt tim e, I should no longer usc such :;elf- re-,traint 
a s to put th e suggestion of damage to co ncentri c cable~ in the torn. 
o r a quest ion . I "·ill co nsider th e reaso ns he gi,·es as far as p l s"illle in 
orckr. 

r. There a rc in t t ~c at th e pr ~..:se nt t ime, and th eir number is mpicll_­
increasing, a co nsicl e rahle numh <..: r of co ncentric cab les havin g two or 
more mi c rofarad s capaci tv, :utd th ese c: tpac iti es W<HIId b ' sufhLiL illll 
prod uce th e ~udd ·n <..:x lillcli on or th <..: :trc bdwee n the ;.witch cu nl.t~t­
un cler my co nd iti o ns. ll must a lso not he for .~otl e n lhal the sm.dlt:r 
th e capacity, olh CI· thin gs h ~..: i n g ~..:qual , th e hi g h •r will b ' lh l! ri ~ ot 
P .D. be twee n th e le rmin:ds of tl w switc h, supposing lh e arc is l.·­

tin g ui shecl. 
2 allCI 3· Mr. O'G orman is quite con·ccl that lhc apacit • mu,t 

directly shunt the switc h contacts and not be !-.Cparaled ftom them b) 
any co nsiclcrab lc scli-i nductio n o r res is tance. This acluall OCI..UI " •t. 

'-...: d . --- - -- --------- - -------

c 

FI G. C. 

practice in several cases. will take as a n example the ordin ry c .J.s 
of switching off a hig h tension concentric cable from th e bus>. bnr ·, " 
which several such feeders a rc con nec ted, as ·hown in Fig. f 11c 
outcrs a rc a ll assumed connected togeth er a nd to earth . The c. pac~t\' 

of th e inner of, say, cable a to th e inners of cables b, c, &c., will b · clu<' 
to th e capacity of a. in seri es with the joint capacit ies of b, <, & .. : .. ; n I 
will have a value whi c h w ill range between o ne ha lf, in tb · '<L -e of h o 
identical cables, and equal , in th e case of a la rge number f cable~. th.: 
capacity of th e inner to th e outer of each cable. This capacity oi th• 
inner of a to th e inncrs of b, c, &c., din:clly slu111!s lit e con /ads O/ th • 
s·wilclt i11 th e inner of a , so lhal if an inducliv · load be connccll:d l) 
the cable, we have a ll the n<..:cessary co nditi ons for a se rious ri ,.c it\ 
P.D. be tween lhe switch contacts and conseque nt danger to the cable,-. 

In spite of Mr. O 'Gorman's statement a t the end of hi, rcn13r · 
" that a D.P. switch is a lway used whi ch di sco nnects th e cond n _t:r 
from the circuit whil e breaking it," I think it is mor · usual in th -::~~ 

of hig h tension feed ers to empl oy single-pole switches (F e rran t i w i L 

I 

~ 



!· 

f
~ ~~ .. _ 

. 
0 

0 

: 

DIHE T -Ct1JWENT AHC : J))SCUSSI 281 

r •• r J though eve n wh l!n D.P. switches :u·l! u s~ed il can easily hl! Sl!l!n ~ J r. lludd ~ JI. 

that they would n o t prc \'e nl so me CO II ~ icl c rahlc capac ity fro m s till 
lzr.:ctly slnwli11g ll1 e >Wi tch C0 /1/!I c/s. ,\no th e r case in wh ic h ca pac ity 

rlircc tly shunb th e co ntacts is th a t of a swit c h in a suh~t a ti o n whi d 1 
joi n::> the innc rs o f lwo co ncl! nl ri c c:thlcs. Th e in sulati o n re sistan ce of 
hi<•h tcu-.ion c abl es wil l in ge ne ra l he Sl' \'e ral me.~t>hm s, so th a t th e re 

·:II 11 >l b e ... ufllc i ' Il l Jeakag · to redu cl! III <.: d : u 1 .~el'. 
In 10w te n s io n m:lwork s th e d a nge rs :tre lnuc h less ; pro ba bl y till' 

..._)r:-l ar~.; t hose clue lo a short ci rc uit o r to a la r,!J;e moto r failin .~ to start 
, , rc .ult in g in lh c acti o n o f son1 e aut <llll :t li c c ut -ou t o r fu s<.: wh ose 

ntacb, o t· lh os · o f the s hort c irc uit ihelf, a rc prac ti ca lly direct ly 
n m tcd b y p a rt o f lh c capac ity o f lit e system . If th e l.':tpac it y is shunted 
y a non -i nduc ti ve resistan ce as low as 100 o hm s 1 should ce rtain ly 

'-' p eel t h e d ,m g cr to b l: ,·c ry ~mall. . 
~ " V itho ut furth e r cx pe nm <.: nl T :un unable to sa y what 1s lh ~.: 
:> · 0 

pum.: turin,S effect o f lit e I'IS(;S in l' .D I h:t\'l.' o hS<.: I \'<.:d , as r It a\'(; 
lv .. ·a\,., 1!;1d t o be m ost cardu l to k<.:e p th e ri s<.:s wdl und e r contro l to 

a. ,ici breaking d o wn the co nd <.: ns<.: rs. One thing is, howe\·e r, quite 
t:r t.ain ,1nd tha t is lhal eve n wilh <.: xperinl <.: nb o n :,uc h a small :-.ca lc as 

~!Jo:-e des ·rihed in lit ~.: paper th e puucluring effect is co nsicl e r;thk . 
There i:-. o n e olh ~.: r po int whi c h I hav <.: nol yd a lluded to, a ncl th:Lt is 

th•· ,
1
ne'-'ll011 a s to whethe r a di stributed capac it y :,uc h a;, that o f a 

C<.JIIC •ntr ic c able will bchavl! llw ~anw a s a co nd e nse r. Il \\'aS thi s 
du u bt .,,•hic h led m e to put my suggc~ti on of lh c pos:-. ihle dan ge1- lo 
<.abl e" in till: fo rm of a q uestion . Owing lo lit e co urtesy of 1\lr . 
• 1iw .. bnll 1 h ave been a b](; to le st thi s p oint ·xp<.: rime nta ll y with an 
ou;tual ·a bl e..: unde r more n ~.: arly pract ical conditio ns, a 11d I lind that th e 
r.;;c, in P .D . d o la ke pl:Lel! w h <.: n u;,., i11 g th e di ;, (J·ihuled ca pac it y of a 

Cl'>!l<.:c n tri c cable. 
~lr. T 1-otter allude;, to the cxlrl!m l! sen , ibility of lh e arc to sm a ll 

·anati 0 n , in the c urrent through il. , incc writing lhe paper I have 
l ·~arcl o f anothe r rathe r inte resting examp le of thi s sensibility. Whilst 

1 ,·as 01aking expcrim enb o n the Musica l Arc al th e Ce ntral T echnical 
C ,JJc 1e, o btaining my current from the street mains, Mr. W. Bradfie ld 
uoticc,d that an arc, w ith wh ich hl! was working in Sir \Ill. d e V\' . Abney's 
laboratory, and which was a lso s upplied by th e slJTe l mains, was p lay ing 

a tunc.:. 
Thus thi s la tter a rc , whi c h was burning und e r o rd inary co nditi ons 

<llld wus n o t adj u~lecl in a ny way lo make il ;,e nsit ivl! , d ckcll!d the 
dtccl, on th e distributing network of ". large supply slalion, produced 
h>' my f usical Arc laking a CUITl! nl wh 1c h was vary ing by abo ut ha lf 
a;J a 1n per e fro m th e m ean, a lthough lh c two a rcs \\'l! rl! in to tally di stin c t 
, uildings, at a distance, in a straight line , o f abo ut 4 00 yards from one 
. notbcr, a nd ala considerably g reater di stance if lll l!a ;,urt;d along the 

,heel nwins. 
!(r Troller j ,., quik correct lhal ll w mod el o f lite hummin <> arc 

' 10~ n . at the m ee ting was grl!atly l!xagg erakd, but liti s was ncc~:sary 
0 make the effect visible to those at the back of the kclure ha ll. When 
J ~aid that. t he ligh t varies, I thought that I h ad made it clear that the 
li ght to which I referred wa 'that given out in th e direc tion of m y lens, 

0 • 
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as I usc at t he end of my section on the h umm ing arc the exprcs~. iL>I 
" t he lig ht emitted in a g iven direct io n." I n o rd er to make this quitL: 
clear I have inserted th e word s " in a g i\·cn direction " into my conL iu ­
:-, ions at th e e nd of llw paper. 

Il is admillcd , l think, that th e humming arc ro tates. Su ppo::-l it i 
once s ta r ted in rotati o n, it cann ot continu e so with out some f n : · or 
fo rces a rc acting o n il ll;ncling to ma intai n th e ro tal io n. Th<· quo:, ttt>l 
is, w hat is th e nature of th ese forces? ,\[ lir~t sig ht there are t\1' 
possib le causes out side th e arc itse lf whi c h tnay il:nd lo maint;nn tht 
ro tation and humming . I refe r to co nV<.:ction c urre nts of ;u r an l t 
t he effect of a mag net ic lte ld . T he first o f th ese d ocs no t seem to lx· 
th e tr ue ex planati on, as th e arc wi ll hum in a ny position even \\ ilh tloc 
carbons hor izo nta l ; th e seco nd , th e mag ne ti c field , is abo for a si milar 
reaso n excluded; in fact , th e arc will sti ll hum eve n if deflected o nne 
sid e of the c rate r a nd l;epl th e re by m ea ns o f a mag net. So th.ol 
nei th e r of these cau ses see ms able lo supp ly a sati sfac to ry exp lan~ll\Ot 

th e ro tati0 11 o f th e arc obse rved when hu111 111ing. 
\ ·Vi thin th e arc itse lf th e re is a possible a use for th e rol<~tion, \ •z., 

if th e a rc is burning be twee n any two points, and th e re exist contigu •ll-' 
to them any two o ther points be tween whi c h th · current would lu lc" 
wo r k in mai ntai ning th e arc, t hen the a rc wi ll lend to 1110\'e rolll 
between the fo rm er to bcl\\'ee n th e latt e r poi nts- th at is, under ,>rei:· 
nary cond iti ons the arc w ill lend to move lo b ·twee n those point~ 

requ iring the lower P .D. Suppose th e arc is ro tating, I will c .li l fhL 
side of the spot wh e,-e t he c urrent passes f ro m the carbon to th~· g.". 
whi c h l eads in the d irec tion of ro tat ion, and whi c h is t:on ~tanlly m 1\ •·. 
lo poi nts on the end of the carbon th roug h whi c h no current was pasHn.: 
the leading side. ln o rd er that th e a rc may o ntinu e to ro tate, it i:, n.:c, ,­
sa ry that the lead ing sid e shou ld be moving i nlo succes:,ive posi tions \\ hie 1 

require less P.D. lo mai ntai n the a rc th a n d o th e o th er sides. There arc 
three possib le causes of such an e ffect. ( 1) T he e nd s of the ca rbon" m.•• 
be nearer together at the lead ing sid e than elsewhere. (2) The o.·y,.:!cll 
of the a ir may obtain bette r access to th e lead ing side, eilhe1· di•·cctl_ · ' • 
by being absorbed in the carbons. (3) The temperature gradient :1t 
th e leadi ng side may be d ifferent to elsewhere. Of these (1) do..,,. n ·t 
seem lo be the t rue cau e of the r-otatio n, as th e a r will often mo· ·L' 
from b urning between points at a shorter di stan ce a part to bctwo:c ll 
those a l a longer ; th oug h a varia ti on in di sta nce in conjunction \\I til 

th e rotation of lh e a rc may we ll be the ca use o f th e o bserved vari.tt ion 
in P .D. and c ur ren t. (2) The d irect access of t h ·oxygen o f th l' .ur ll' 
th e ho t carbo n a nd ib combin at ion will! il wo uld se ·m to lend to -..1111' 
the r-otatio n, a ~ it \\'Oul cl he.: less like ly lo co tnbin e with til e coole r· l'.ll h >. 1 

a l lhc lead ing sid e a nd prod uce ; d rop in P .U . th e re, ~uch ,\S \ It'· 
Ayrton discovered in her ex per iments on hissing, than to ~.:.omh111 ' 
w1th hotter carbon at t he o ther sides. It i. d iffi cult to «av \\bet he 
th e oxygen absorbed in th e car bon would behave in the "'InK 
way. (3) The p ossible less tem perature g rad ient at the leading ,j{k 

seems to me one of th e m ost probab le causes of th e rotation , th ou;tll 
considerab ly more experimen ta l evidence as to its effect on the I . ). 
req uired to maintain the arc is neceSSflry before any very d tin u 
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<>puuon ca n h e expres~ccl. lf the opportunity otTer ~ I hope to co ntinue 
my c xpetimenls o n hum111ing a long thi s line. 

In co nclu sio n, I wi sh to express my thanb to th e me mbers of th e 
Jn,.,titu ti o n for th e ve ry kind way in whi c h th ey rece ived my paper. 
wi,.,h aho to th a nk U essrs. G. v\'a ll , L. ;\[urphy, 1{. til. tl lobcf'ly , and 
J. F. -i u nt for the unt iring way in whi c h th ey he lped me to prepare and 
carry o ut t h e ex perim ents shown at the meeti ng. 

Thl! PRES! D ENT : I wi ll now ask you to g ive a vole of thanks to 
;\lr. l)uddell fo r his paper. I really d o think w e have had the mo~t 

cxtraordinary luc k thi s session with n :gard lo having good papers , and 
1 tl ink thi s is on e of the best. 

Th e vo le was carri ed w ith acc lamation . 

\' L. XX">. 

M r. Duddcll 

Th e 
l 1rcsid t•ut. 


