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mci c te:lchiog, rnay be t~nilcrtnlicn (snch a olre 
a? is Sollntl :it u11ii crsilies, clz f j i ~ t o )C:LIIIIO~ 11e 
cn~ried. on p ~ o p e i l y  :tlld B I I C O P , S ~ L I ~ ~ T .11y le9q 
t11:ul tliiee persons. 'I'11c liiglicst oiliecr miist 
be the ~espoi l s i l~ le  Innil of 5upciior director, -a 
nl~ility. c \ tcnsi \e  attaiumcnts, alld pro1ullgcd 
c ~ p c r ~ e i ~ e e :oue, iil sliort. niio llas nl:~stc~cr? 
his clepnrtment o r  science. l~no\vs  i ts  l)ossll~i!i- 
tic., an 1 deliciencics, ancl is  tlierefoie capable 
of jutlging ~111nt \ ~ o ~ l i  is liiost 1easil)lc nil(: in- 
struetiye for stutlc~iits, niicl n h n t  probleii~s :ire 
bcst xdnptecl for i i i \ - cs l i~n t~on .  11 is  s l~ee l  
vns te  for n innil of ',iiel~ ilig11 cnl~aci t j  t o  wcii-  
ficc his ~vllolc time to the alr:ungemcnt of nppa- 
ratns, or tile pleparntion of' cspeli~i~c.nls for liis 
lectures 01 liis studeilts : tilerefole i t  is clesirnble, 
\17e llrcfer t o  sny indispcns:~ble, that  he siioultl 
lia\ e a n  assistant, ~ ~ r c f c r g b l y  :L;\ oiing devotee 
of sciellcc, nllo nil1 he littctl b j  his csperieuce 
a s  311 assistant t o  111tiin:itcl 11econic lli~ilself 
direcotor of n simi1:lr l:lbor:~toq-. Tile third per- 
son is ille 1:lborntory Irecper (cl iel te~.) ,  nlio 
ileetls ii~list be n 111:111 of some n1ec11:iiiica1 skill, 
so that  the l)rccioos instti~uiients may be szScly 
i n t ~ u s t e dto 111s c x e .  H e  sliould be sonletlii~ig 
Inole tliau a ser \nnt ,  and less tlrnil a11 assistant. 
A la born to^^ nitliout this \T 01 Icing-So~ce can- 
not d o  111~1cll for Lllc l~romotion ol' scicilce, al- 
t h o u g l ~el en more morlest o ~ l c s  may he I nluable 
fo~~siinl,le A first-clais l:tborato~y, i ~ ~ s t r i ~ c t i o n .  
a11i1 in Gcr~i iany a l e  Illnnj s~ic11, ii:lr : ~ l v n r s  n 
laiger :lumber of officers. 'Ilicrc are fen. per-
solis nrnollg us n 110 npl~reeiate t l ~ c  nlngniLudc 
ol' n scie~ltifie 1nl)oinlor~ : T J ~ I Ci t  otlle~rcise, 
tlicrc ~voilltl not hr so  many pe t t r  subst i t i~tes  
for them. 

Existing laborstoric~s ft~lfil tn o f inc t io~ls ,  --
giviug cducntioi~ t o  stndellls, niid o p p o ~tir~iitg 
l o  in\ estigators. 'Fhe mi~ltiplicntiol~ and en-
lnrgcment of laboratories dcpentl cl~ieflj U ~ O L L  

tlie gron.ing ieeog~~i t io l l  of the irutli that  first- 
hand lino~vledge is the  o i ~ l g  real 1inon lcdge. 
'rhe s l u c l c ~ ~ t  ~ i l a s t  see, nntl not  rest satisfied 
with being told. Trn11sl:~tcil into n l)eilagog,ic 
Inn ,  it reacls, "To tc:iel~ science, haye a labo-
Iatory ; t o  learn n science, go  to  n lnboratorj .' 
TIe ~ ~ l i o  8 lab-llas nevcr learned t o  a l~ l~rec ia te  
oratory in  its highest scilse t1oc.s not I<ilow 
clvcn tlic: lnen i~ i l~g  of C I<IIo\v.' T1-C (lo not 
consitler those liberally educated who 11a\e 
ne\ cr lind el en a sillglp tliolongli c o u ~ s e  of 
laboratory training. It is the 1nbor:ttory nliicli 
gives stiengtli t o  the ~novclnent in  f'nvor of 
sc~e~it i f ie(.ducation, for i t  opeiis t o  all tlle road 
l o  r+al living I~iio~vletlgc ; while boolis by them- 
se l \es  lcacl off t o  the b j - r a y s  of ~ v h n t  otller 
Inen thought they Bnem a t  tiie time tlioy ml'otc. 
Life aild death arc  not Inore different than 

arc, in their ways, re:!: :iilil book l ino~~~leclge 
of ilatiire. A. b ~ o l i ,a t  best,  is  b u t  a ~ i s c f ~ i l  
ncl.junct ill scieircc. 

'Co tlie i u v c s l i ~ ~ a l o rthe laboratory is, or 
o~lgiit  t o  l x 7  all in all7 p rov i~ l i i~g  hi111 ~viL!] 
every tllilig : .vl~cre\~illl  nn(l 011-to esl)c~~~iinc:llt 
serve, ZCut ouly s i i o ~ ~ l d  tllcrc Iic on il:~liil all 
tile 11:wapllcrr1r~li:~ i t  n ~ u s t  also 06 rcse:u.cl~, b~it,  
be 1;ussiblc l o  porcilasc or construct tile Ile\\> 
appnrntus >vliicl~ m:iy be devise11 t o  mccl  the 
ncnrl~eq~~i rcmcnts .Yet ill iao resl)ect, l)erllnl,s, 
d o  1:111orntorics ~ i ~ n i n t a i ~ l  n Inore cffieiei~t uliiity 
t,11:11i i i ~ihstei~ing tcc:hiliql~e, 1iy tile clcvclop. 
nlent, of new ~ l ~ ~ t l l o d ~ ,  aiitl b j  gathcri~lg fium 
all soi~rccs complet,o iuformnlion concc'ri~ing 
tlie n-\ailnl~lc proccsst3s a i ~ d  lllcaiis of norli .  
0111jtiie (laily inborer nt scicilce coil aclc-
cln:rtely valile tile liuon-leclge of 111ct11otls ~v l~ ic l l  
is couce~~t ra te t l  laborn-ill eyer- well-~nnii:~getl 
tor)-. I11 pi:rces wllere these recjuirclncnt,~ arc: 
fiillillecl, iliscol-cry il~alces rn l~ id  progress ; :l~l(l 
tlicir csislclicc esplniiis tllc: p i~ese l~ t  iinrnel~sc 
rapidity oi' scici~tific progress. 

\Vliat a c ~ ~ n t r a s tbctwcen tlie illngl~ificclit 
ol~porl111iilies're enjoy to-(In\ :rn:l tile meagre 
possiliilities of [illy \-cars :{go ! T h e  chnng!:c 
has  been i-c~~<lerecl the cst:iblisii- possible i)). 
riiel~t of ncll-fitted laborxtories fir t.lze promo-
ti011 of science. 

'rrrr, comrriissioncrs of" tlic el($\-enth intlas- 
trial esl~ositioll  lleltl in Ci11cin11nlr in  S c p t e ~ ~ ~ b e r  
ntiil October, 1883, tletcrliiil~ecl t o  ~ui~dertake 
n series of tests of the cfficieire~ of clcctlicnl 
lighting c,ystclns, nud s o  nclveitised i n  their 
circul:rrs, wllich wele ~videly clistiihnted. Spe-
cial pre!ninms (1 ere offerccl for tile best sj-stem 
of arc-lighting, t l ~ e  Lest s j  stem of incancles- 
c c l ~ tligliliog, the hcst d j ilnillo rnacl~inc for arcb 
a~lcl i~~cai~clescci l t  lightiug respectively, n~ i i l  for 
the best lamp in each s-stem. 
h j u r j  mac, al)poii~tecl by  the conimissiol~crs. 

consisting ol' T. C .  3Iclidcnlial1, chairman, 
£ 1 .  '3'. Etltij~,Tlloillas Frencli, jun., 2nd  liT'l'nlter 
JJnitllnm. Tile jary 'cr a s  i11striictcd t o  mnlie 
bi~ell test3 2nd me:tsiueinents a s  seemed dc- 
sirahle nlld v c r e  possible tintier the circ~1111-
s ta~ lces ,  niii! vllicsli 1voultP aid in arriving a t  :i 
t erdict u p o i ~  tlie relative incrits of the diifcrci.~i 
e s l ~ i l ~ i t s .  

r 1 7lie ol)e:~ing o r  tlic exposition tool< place or) 
Scpt.  5, nli(1 the close on Oct, 6 .  The  jury 
mas requestctl t o  make its report ol' the a\vnrilp 
one week bcrore tlie close of the exposition. 
111response l o  the proposxl of the eommis- 
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sioners, four systems of electric lighting vere 
enterccl for competition. The Thornsoil-13011s- 
ton electric-lighting co111pa11y subinittecl a sys- 
tem of arc-lighting ; the Kiiison electric-lighting 
company, a system of i~~candescent lighting ; 
and the U. S. electlie-lighting company offered 
a system of arc-lighting, ancl also one for i nc~ i i -  
descent lighting. Several tllings co~ispirccl to 
make tile tests less complete in soiile respects 
than was clcsirccl hy those interested. The 
inernbers of the jury were all engaged in pro- 
fessional morli, and m r e  thererore unable to 
dcvotc their entire time to  tlie tests. The 
ilynamometers used m r e  built after the expo- 
sition oi>eiied, anil nrere not completccl until 
after inany vexatious clelays. One of them, 
that upon which the most reliance was placed, 
was of :I form rc~ccntly tlcvised, nncl the prin- 
ciples of n-liich had never been realized in 
practice, except in an experimental model con- 
structecl by its inventor. I t s  construction on 
a large scale necessarily invol~  ecl a good deal 
of experimentation. 111 spite of these delays, 
the jnrg was enabled to begin regular work on 
the evening of Sept. 25, ancl to rnake, dur- 
ing the succeeding ten days, such tests of the 
most important features of tlie rarions systems 
as to justify them in making tlie awards, what- 
ever cliffereilce might hare existecl in reference 
to minor points, wl~icll, for lack of time, were 
not thoroughly inr~cstigatcd. 

The plan adopted was sobstaiitixlly that 
upoil which nearly all similar trials have been 
condncted. The energy consnmecl by tlic cly- 
naino was measnred by means of the dyna- 
niometers, and the electrical energy ill the 
circuit was determined by well-lrnown metllocls. 
This gave the elficiency of the n~acliiiie as 
a generator. The illnininating-~OTI-er of the 
lamps was comparecl, ancl a t  the same time 
the electrical energy which they consnrned was 
meainred. A combination of the results ob- 
tainecl by these two processes gircs the rela- 
tive illuininatiiig-power per unit of energy 
consumed by the dynamo, nhich represents 
the relat~ve coinmercial efficiencies of the sys- 
tems. Tlle measurements mnile, tllercforc, 
were of tli~.ee kinds, -dj~anniometric, electric, 
and photometric ; and they nil1 he considerctl 
in the order mcntionerl. 

Two separate dynamometers were simnlta-
neously einl)loyed in measuring the mechanical 
energy expended in ri~nliing the armatures of 
the four dynamos which were tested. They 
hare been called, from the manner of their 

operation, the 'belt ' and ' cradle ' dgnainome-
ters respectively. 

The belt clynainometer has been frequently 
employed before ; and its maniler of operation 
is  explainecl by Dr. EIopkinsoi~ in Eligilzeering, 
vol. 27, 13. 403. where he gives a figure of it,  
aild the fhrin~rlae used by hinz in clctermiiiing 
the pover csl~eiidecl in certain electric-light 
tests. These formtilac tacitly assume that the 
belt is pcrrectly flexible ancl without weight : 
for othervise tclsms must be i~itroclucecl into 
the formulae to take account of the cliflcrcnces 
of tcilsion i11 the bclt caused by passing the 
tly~iamometcr-pullcys, and the centrifugal force 
gcilcratecl in the belt as it leaves the various 
pulleys. The velocity of the bclt being great, 
it is more than probable that srich terms are 
r cq~~ i redin order to cleclucc accurate results 
from this forin of dynamometer. 

Under these circrimstailces the computation 
of thc power cxpcndecl from the observ a t' lons 
of the belt dynamometer by the theory as a t  
present known was wholly unsatisfactory, giv- 
ing results, in all except the first few tests, con- 
siderably less than the truth, ancl in some cases 
less than the electrical power in the circuit. 

The cradle clynamometer, however, gavc re- 
snlts of a much more satisfactory character. 
The principle of this dynamometer is  a recent 
invention of I'rofessor Brackett of Princeton, 
N.J.,  and, on~ing to its novelty ancl great ac- 
curacy, merits a sonlew~hat millute clescription. 
I t  was built a t  the inachinc-shops of Nessrs. 
Lane cPs Bodley, Cincinnati, under the super- 
intendence of X r .  Laicllarr, from designs made 
by Mr. Elcltly, to n-llom is due tlie arrangement 
of its various ljarts. 

I t  consisted of a sabstaiitial platform, cc, 
fig. I ,  seven feet long by four and :I half feet 
wide, hnng at each end by iron rods, ee, from 
an axis consisting of a short piece of two-and- 
a-half-inch shafting, tc, which rested upon a 
snljporting-girder. yg. Fig. 1 represents the 
framemorli, etc.,  a t  one end of the platform, to  
facilitate raising nncl lowering the girder gg, 
which carriccl the platform cc by means of the 
jacliscrelvs jj ,  upon n-hich gg rests. The up-
rights bD are guiilrs passing through the open- 
ings bb, shown in fig. 2, vhich is intended to 
represent the gronncl-plan of gg, ancl adjacent 
parts of tlie cradle. Each girder, gg, was com- 
posecl of two pl:~nlis, helcl a t  a distance of 
three ii~ches apart by blocks, tlcl, and bolted 
firmly together. The roils ee passed between 
the pla~llis gq, anil were forged to an e5-e 
which fitted the axis n. The axis a rested 
upon pieces of smooth boiler-plate in the 
upper surface of gg. 



r ,l l l e  uprights 7)b forrn part of a rigid frame- 
work, well bolted together. one side of which 
is  see11 in ontline on n snlnller scale iii fig. 3. 

A scale-heam, ff, inacle in the form of an 
invertecl L,and grnclnntecl t o  fractions of nil 
inch, hacl the lower cstfcnlitg- of i ts  vcrticnl 
a rm fnstened to tho platform cc; nhi lc  a t  t l ~ c  
angle was an cg-e which mas ceiltrecl upon n 
by the screws iii. 

I t  is readily seen that  tlic platform, \ ~ l l e n  it  
n a s  raised from the ground, a i  slion.11 in fig. I .  
v n s  free to  swing through a limited space, 
either to  tlie right o r  left. anil t l ~ n t  any eccen- 
t ~ i cweight or fo~.cc so  ap1)lied as  t o  teild t o  
swing i t  to  the left could bc con:l)ensatecI by 
a weight upon thc scale-bcnrri, ff.~11ic l isn ings  
with i t :  30 that  the plnlthrln could be still 
kept  in  i ts  Iiori~oiitnl positioll. 

?'lie axis about nliicli the snin=iag teircls l o  
occrtr is the lint1 ol' contact betncen tra niici 
gg, mhicli line n e  sllall fbr h r e ~ i t g  llenceforth 
call tEic axis cia. 

I n  setting up  t l ~ c  dynamometer, i t  mas so  
placrtl that  the axis cia TTas d i ~ e c t l y  l~e low tile 
axis of tlie cl~ivinq-pulley, nncl in the snnre re r -  
tical plane with it .  The  clynmno t o  be testrcl 
was placed npoii the ~)latform cc. ~ \ l r i l ecc was 
resting upon the grounrl ; ant1 i t  was blocker1 
u p  oil cc to  such a height, t l ~ n t  the axis of the 
armatnrc mas ns nearly a t  t l ~ c  same height as  
the :mis nr6 a s  could bc rcxclily d o r ~ c  by- direct 
mensnrcnicnt. This  ncljustmei~t coiilcl be cf- 
fectccl with nll necessary cxact~less  once for 
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a11 ; for, (.,c.n though tlie arinature mere slightly 
above or below tlie a s i s  an ,  110 error wor~ld 
thercbj  be iiitrotlnced into the observations. 

T h e  axis of the armature was also set ,  as  
ncmly as  it  conltl bc con1 eiric~itly. ill liiic r i t h  
thc a s i s  nrc; but thc final adjustrnc~nt, so that  
the centre of t l ~ c  armntnrc-pulley TIa s  ireitlier 
to  the riglit nor left of t l ~ c  axis an, as mncle 
rncc1i:inically as  follows. T h e  platfhrni and 
dynarno were raiqed froiii the gron~lcl. and tile 
~ i r d c l sgy carefully levelled 11)- means o f  thc  
jaclrscrcn 9. T h e  platform n7as tlicn bi ought 
t o  a liorizontal position by plaring cornlleil- 
sntiag ~ ~ c i g l i t s  T h e  belt n ~ t s  next  tipoil it. 
ndjusted, a~ir lnas tightened hy Ion ering the  
t f I t  was fonnd, that ,  in  t l ~ e ~ i  case 
tile a s i s  of the armntnre was to  tlrc right or left 
of cia,the tension of the belt esc~tec l  a forcc 
to  tip t11e l)latform, nncl i t  no longer stoocl 
l~orizontal.  This  as corrcwtetl,-onc half', I I ~  
shifting com~)ensating n eights : nncl the other 
iinlf, ijy ~ n o ~ i n gthe c l j  naino t o  t11c riglit or 
lcft. T h e  belt was tlicil slacliciietl liy raising 
the platform, air11 n similar n(1jnstmeiit again 
~liaile t o  bring tlie p1:ltrorm t o  tile lioiizoiital 
position. This  was i.cpeated until tlre plnt- 
form stood liorl/;o~~tal.  nlicther the I ~ r l t  n ns 
tight o r  loosc ; both girclcrs being at  tile s:nnc 
Iieight, ant1 11ot11 :~ccl~ratel j  levellerl, nccorint 
being tnlien of the bending. 

A t'urtlier xpl)licntion of compensati~rg ~veiglits 
was cmplo-etl to  rentlcr t,he bnlnncc sensitive. 
TVitll tlie Ecliso~i clg-nanio, which is  to1)-heavy 
(i.c., i ts ec i~ t re  of gravity is nb0.i-e the  a ~ i s  oi' 
tllc a r n ~ ~ i t u r r ) ,  Inore than n to11 w:is hung on the  
sides of tlie platform to bring the ccntrne of 
gravity of the whole don-11 to the a s i s  act. 
\\.'it11 the other d ~ i l n m o s ,  whose ceiitres of  
gravity : re  below the  a s i s  of their armatures, 
compensatiilg weights of sl~lnller :iino~ult n-ere 
l)lacecl up011 a staging built on the platform 
above th r  c ly~~arnos,  in order to biing the centre 
of gravity of the whole ul) nenrly to  tlic axls nu. 

111nlaking t l ~ c  tests,  the pon-er lvns :~l)pliecl 
to  t t ~ r i ~  Thisthe armntnres cloclin~ise in fig. 1. 
causccl thc kLo~izontal scale-beam .f to  rise ; alrtl 
weights were plnccd upon it  to  l)ring i t  b 3 ~ l i  
to  the horizontal position. T h c  molncnt of 
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thc couple, got by multiplying the weight so  able checlis upon tile performance of the dyna- 

applied by i ts  distance from the axis ncr, as mometers. 

read upon the scale-bcnm, is eviclently equal 

ancl opposite to  thc moment of the couple ~ ~ i t h  The electrical menszc~ements.
which thc arrnatnrc is  turnecl. T l l l ~ s  the ino- 
merit of thc force appliccl to  run tlie armature 
was measurcd in foot-pounds. 'l'his moment, 
multiplied by the nnmber of revolutions pcr 
minute and by 2 ~ i ,is tllc work expcncled i n  
d r i r ing  the armature, in foot-pounds pcr min- 
ute. 

I t  was found convcnicnt to  use a nreigllt liav- 
ing  a moment somemhat less tllan sufficient to  
bring tile scale-beam to the llorizontal, and  
employ a Chattillon spring-balance with a dial- 
face reading to 2 oz. to  firrnish thc relriaining 
part  of the couple. 'Phis balance was fastcned 
t o  a vertical cord passing arouncl a small rrinch, 
which cnablcd thc obserrer to  bring the scale- 
beam t o  thc h o r i ~ o n t a l  with facility. 

T h c  principal diRcnltg t o  bc apprellcnded 
in testing nit11 this clgnamomcter mas a pos-
siitle tenclcncy to oscillation, ~vhicli might be 
caurccl by running thc belt. EIati this csistccl, 
i t  iniglit have been checketl hy a clash-pot ; 
b11t the n-eight of the platfolm and dynamo 
was snfficicnt to  alinost cntircly obviate any 
such clifliculty, ancl give very consiclcrable 
steadiness of  position. Indeed, thc jarring 
sccmed t o  i~lcreasc i ts  sonsi t i~encss ,  ancl evi- 
clently cnablecl the 1)l:ltforin to  conic t o  rest  in  
i ts  position of equili0rium 1)y overcoming any 
initial friction existing. 

The  strocture was ~nos t ly  built of three-inch 
planli, tcn or t w e h e  inches n-itlc. T h e  plat- 
form mas designccl t o  safely carry five tons a t  
i ts  centre. 

F o r  1)erniission t o  rnalic use of tlie cradle 
clynainoineter, tlie jury is  indcbtecl to  tlie Bincl- 
xiess of P r o f e s s o ~  121 aclcett. 

I n  addition t o  the use or  tile t n o  dgna-
rrnonieters described, inclicator-diagrams were 
t:tken from the steam-cngine S~~rriishing tlie 
power for driving thc d j  namo maclrines. 
T11roughout the tlynamoinetric tests thc ma-
chines were driven lox a Cnmmer enqine ot' 
about a lirlnclred horse-pomer, wllich f'iiriiisliccl 
l'ower for other dynamos tlian that  u l ~ o n  tlie 
cradle, a s  ell a s  for t v o  or three pieces of 
machinery on esliibition in  l'ower Llall. I t  
was thus impossible t o  rnalie the taking of 
indicator-diagrams contemporancons ~ r i t l l  the 
regular tests,  owing to the large loail which 
the engine carried ; ancl tllcy n ere generally 
taken after ten o'clock a t  night, a t  nllicli ]lour 
the remainder of tlie load w:is t h r o n ~ a  off. 
Although these indicator-cards mere not used 
in the final computations, thcy f~lrnished valu- 

F o r  tlic parpose of ii~aliing the electricnl 
~ncasureinents a s  free fro111 dist1uhance a s  pos- 
sible, a small room, about t ~ ~ e n t y  feet long ancl 
ten fcct wicle, mas fittctl up  in the bascnlcnt of 
the central part of t l ~ c  large euposition builcl- 
ing. 111 this, tllrcc brick piers were built apon  
solid foluiiclations, and t1.i.o or three rroodcn 
braclccts mere firm11 secured t o  the malls, so  
as  to  furnish finn resting-places for thc galva- 
nometers. T h e  niain lines of the arc-lighting 
systems were run t l ~ r o u g l ~  this room, and very 
hcavy copper contluctors connccled the  roorn 
-4th tile space in  which the dynamos wcrc ex- 
hibitccl ; so that  the  entire currcnt from thc in- 
canclescent nlacllincs conlcl be introcluccd whcn 
clcsirecl. 

T h e  electric ~ncasureinents consistccl in  the 
determination of the strength of the current, 
and thc clcctroinotive force l ) c t ~ ~ c c n  two points 
in  the ciicuit. F o r  this purpose scvcral galva- 
noinelers of cliffercnt liinds were employed. 
I'or the mensurcment of cuirent strcngth the  
principal instraii~eiit  used nras one of bir Wil- 
liam Thomson's current galvanometers, made 
by White  of Glasgorv. Although of rcccnt 
invention and coastiuction, the instrument is  
prol~ablyso well l<nowii a s  not t o  requirc any 
detaileel clescription. I t  consists essentially 
of a magnetometer, ancl a coil of r c r y  low re- 
sistance. I11 the ~nagnctoineter four short 
inagnets are cowhinecl to  forxri a needle, the 
position of' ~ ~ ~ h i c h  is  iiiclicated by a verj- light 
,T e t  very rigicl al~uiilinmn iniles. A stcel mag- 
net,  bent in  tlie slinpe of a semicircle, is placecl 
in  a I ertical plane over the needle, so that  
the latter is approximately a t  the centre of the 
circle of which tlie magnet forins a part.  One 
end of tlie ningnet is  fr~rnislletl nit11 a cross-
piece of brass, from one extremity of which 
projects a pin wllich rests in  a coilical llole, 
:ind 1ipo11 tllc other extremity is  a ' buttori ; ' so 
that  freeclom of rnotion arouncl tile pin as  a n  
axis js allon-etl. T h e  opposite end of the 
xnaguet rcsts i n  a groove cnt aro~mcl the encl 
of :L icrcw. 117 tile m o ~ ~ e m e n tof which the 
plane of tllc nlagnct can be shifted ton~arcls 
the east or towards tlir west. 

T h e  coil is  fixed in a. vertical plane a t  one 
end of a n-ooclen table mhose length is nbo~l t  
one foot, and breadth about fire inches. T h e  
table is  fi~rnislied with levelling-screws, ancl a 
V-groovt is cut leilgtllwise tllrollgh the centre, 
a t  right angles to  the plane of the coil. I n  
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this groove the magnetometer, nritli i ts attachecl 
magnet,  slicles ; so that ,  by l~lacing the nectlle a t  
different distances from tile centre of the coil, 
the instrument may be usetl for ~neasuring crlr- 
rents cliffering very grcatlj  in strength. 

T h e  acljnstment of the  instrument consists 
in  placing thc magnetorncter upo11 tlie table, 
nritliout the field-magnet, and tldjnsti~ig the 
~ ~ l i o l eso that the index is  a t  xeio of its scale ; 
after wkiich tlie magnet is put in  its place, and, 
if necessary, one end is movecl by means of 
the screw until tlie intlex again points to zero. 

The  interpretation of the reading of tlic in- 
s t ru~i ient  is  a very si~iiplc operation. iZ scale 
along the edge of the V-groove s1ion.s the posi- 
tion of the magnetometer. It IS necessary to  
know the strength of field a t  the needle, n hicli 
is, of course, that  due to  tlic magnet. plrls the 
liorizontal compone~it of thc eal th's inagnctism ; 
and then, if tliis strength of ficltl in  cT.c.s. nnits 
he ninltiplicd by tiie rending of the ncedle, and 
divided 11y the scale-reading of the magae-
tometer, thc result will be tlic current in a ~ n -  
p h e s . 

This  galvanometer was permancntly monntctl 
on one of the stone piers, ant1 its connections 
were so arrangccl that  i t  coulcl be  cl~~iclily 
thrown in or out of the circuit without iater- 
fering ~ ~ i t l i  the contiiiuity of tlie s:nne. 'I'he 
direction of tlie currcnt through the galrni~om- 
etcr conld be instaat l j  rcverscd ; ancl through- 
out t l ~ e  observations rcversnls mere regularly 
madc, so as  to  climi~iatc error arising from dis- 
place~ncnt  of the arro.  The  zero-point x n s  
adjnstecl, liowever, a t  the begi~niing of e v c q  
selies of ohservatioas. a t  fre- anrl e s a ~ n i ~ i c d  
qnent intervals during tiie same. 

A differential galvanoineter was also usetl in 
measuring cnrreiit strength. This i~istrnmeiit  
n a s  kiiidly loaned to thc jriry by Plof(.ssor 
13racliett of Princeton. by  nlioul i t  was cle\isetI 
ancl coiistrr~ctecl. clescril~tion of i t  nil1 be 
fon~icl in the American j o t ~ r 1 ~ ~ 1  of scieilce, T 01. 
s s i .  13. 393. I t  consists essentially of t n o  
henry rings, one mitllin the other, t l~rougli 
which tlie cnrrent goes in  opposite directioils. 
The  needle in tlie centre has a sllli-fibre sus- 
pension. The  ratlii of tlie rings be i i~g  g i ~ e n ,  
the constant of t l ~ e  instruinent can be readily 
calcnlated. I t  mas especially consti*~~ctecl foi the 
measurement of strong cnrrents, tell nlnpi~rcs 
giving a deflection of ihriltceii t o  fiftecn de- 
grees when tlhe value of H is a little Inole than 
.%. When the  cur re i~ t  was s teadr ,  i t  b e h a ~ e t l  
admirably; bnt n i t h  a fl~lctnating current it 
became extremely ditEcalt t o  get  trnstwolthy 
readings. owing to the constant ~ i b r a t i o  i of the 
needle. The  gradaateci ciicle mas so  sr~iall  that  

the estimation of fractions of a clegree mtLs yuitc 
nncertain. I2;vcn with steatly currents. more 
time mas reqn~red  for rending the 1Srackett th:ln 
the Tllomson, oninq to tllc length of timc 
llredecl for the necdle to co~iic~ to rest after a 
revelsal of c u n c a t .  F o r  tliese rcasoils its use 
x a s  not continued throngliont the test. I t  mas 
o b s e r ~ e d  coiiti~iuously dnr i~ ig  tlie tests of tlie 
Thornson-IIouston clyii:~mo, and (luring a pa l t  
of the tests of the J\-cstoii dynamo. nlien, on ing  
to flnctuation in the cor ie~ l t .  i ts use was neces- 
sarilr cliscolitinued. I t  s e n  ed x usef~il purpose, 
however, a s  n check npon the i~iclications of 
t l ~ e  Thornson iilstramcnt, tlie close agreement 
of tlie t n  o justit) ing confidence in the ilidica- 
tions of the 1:~tter. T h e  most carefr~lly mail@ 
series of comparisons TY:M that  of hel)t. 20. 
During the a f t c ~ n o o ~ i  of that  day,  eight simnl- 
tancons re:idii~gs of the two instruments n ere 
made ; the cr~rrcnt ,  which I\ a s  remaikably 
steady, being furnisllecl by the 'I'liomson-Blol~s- 
ton clynamo. 'l'he ineans gave 3.92 amyitres 
a s  i~iclicatecl by the Thornson, :rnd 9.93 ain- 
pares for tllc Uraclictt. The  regular tests nrerc 
begun on Scpt. 25, :rncl in  the mcan t i n ~ e  
se~7cral adi1ition:~l coiiclucting-7vil.e~ hat1 1)een 
brouglit into the testing-room. T h e  indica- 
t i o ~ l s  of tlic Drackett galvanometer ITere, aftel 
this, constantly somewhat less than tliobe of 
the Tliomson, nliich Tras doubtless clue to  t h e  
alteration of the fieltl 1)y tlle presence of tlie 
currents. T h c  diffe~ence was cprite constant, 
ant1 n~ilountecl t o  nli~ont t n o  pcr cent. 'L'hus, 
011 bept.  63 tiie Tlioinsoii gave 9.97 n~npZ~res, 
a11t1 tlie 13rack~)tt 9.77. 011 tlie ?(it11 the Thom- 
son iac1ic.atctl 10.0, ant1 the Emcket t  9.80.and. 
oil tllc 27tl1, x ~ i t h  the JiTec;toll arc  clyiianio, 
qlrometl 1S.ci arnpi~rcs, and the Brackett 18.3. 
That  tliis cliscrepnacy could be accounted for 
by the eiYect of tile current rrpoii tile s t le l~gt l?  
of field was cstnblislictl h~ vibrating a needle 
luntller two conrlitioiis, -wit11 ant1 nl thout  t h r  
cr~rrents. Ilerein is  s l i o ~ ~ i ~  t l ~ e  rrtlr-antage of 
a strong, per1n:~nent ~llagiletic field, such a s  
exists in tile 'L'hoin~on instrrr~nent. A n  altera- 
tion of tlie field, ~ ~ h i c l i  in-nliglit c011siileraI~1~ 
fluence the resrrlts from the 131acli-ett. noultl 
halsdly I)e perceptible with the  Tholnson. 

Drniiig tlie tesls of tlie arc-light rnacliines 
tlie nrhole current n7ns talien thror~gli the gal- 
vanometers. TTith the iiicai~tlescen t systems, 
hon ever, ill \~-llicll tlle current n as  sonleti~nes 
as liigli as  170 mngixres, this impossible ; 
as tlie coils aiid con~lections n~oulcl lial e been 
greatly heated. T h e  cnrrent ni igl~t  possibly 
liare been safely divided between four or five 
instrilmeats ; hut, these not being a t  hand, it  
became n e c e s s a l ~ ~  t o  make use of a shunt. 
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For this purpose the heavy main conductor 
was cut, and the two elids were iiisertecl into 
large mercury-cups, cut out in a blocli of woocl 
an inch and a half thick. These cnps were 
also co~lnected by abont forty feet of aunlber 
0 copper mire, the ends of both main and 
sliu~itmire being me11 immersed in the nxx-cury, 
ancl pressecl close together. These mercury- 
cnps mere connected with t \ ~ o  others by rneaas 
of short copper wires, and into the secorlcl 
pair the ends of the galvanometer miles mere 
plunged. -4s thus arranged, abont one-fifth of 
the current was talcen through the galvanome- 
ter. Even mith this division of the current, it 
mas found, that, when using tile strong curreut 
from the TT-eston dynamo, the mires of the gal- 
vanometer were somewhat heated ; ancl in order 
to avoid this result, a short piece of number 0 
wire, not more than two or three iiiches in 
length, mas bent so that i t  could be iiisertecl 
in the mercury-cups, and thus cut the galva- 
nometer out, except claring the few moments 
necessary for talii~lg a reacling. During all of 
the ' resting' periocls this short wire carriecl 
by far the greater portion of the current, and 
t l~ustendecl to prevent tlie heating of the sliunt 
wire proper as well as of the gxlvanometer. 

Tlie determination of the ratio of the two 
parts into wliicll the current was divided, or 
the value of the ' shunt multiplier,' mas, of 
course, a matter of great importance. I n  the 
preliminary measurement of this ratio tlle cur- 
rent from the Thomson-EIonston nlachinc was 
of great service on account of its steadiness. 
'L'o begin with, a nurnber of tests were mncle to 
cliscover if the conaection resistances mere of 
such importance that any accidental variation 
in thein woulcl perceptibly alter the shnat ratio. 
The shurit mas repeatedly liftecl out of the cups 
and replaced, and the galvanomrter connec-
tions were brolien and remnrle. Jdrery thing 
that could be disturbed mas clistorbcd ; but, 
upon reconstroction, the result was found in all 
cases to be pmctically unalterecl. On Sept. 28 
a series of twenty measnrerne~lts mas made with 
tlie sh~ui t  alter~lately in nntl out, using a car- 
rent of 10 ainp&res. The results agreeti closely 
with each other, aiicl gave 4.6 as the \~alue of 
the shnnt multiplier. On the follon-ing clay the 
tests of the incaiidescent machines began ; ancl 
the sliunt was not moved fronl its position, 
nor distrwbed, nntil nf'ter the coiiclusion of the 
entire work. 011 Oct. 3, after all of the regn- 
lar tests hacl been completed, another test of 
the shunt mas made, with. a cnrrent of 10 
aml~&res,as before. Ten observations were 
made, all of which agreed in giving n ratio of 
a little more than 5.0. This result was quite 

unexpected, and the discrepancy between i t  
and that ohtainecl from the first test was en-
tirely too great to he accourltecl for by errors 
of ohser~ation.  As circumstances prevented 
further tests in Cincinnati, it  mas determined 
to reniore the slinnt and all con~lections to the 
ph-sical laboratory of the Ohio state univer- 
sity, mllere a thorough examination of the 
cause of the difference could be made. This 
was done ; but, before ally experinieiital esami- 
nation had been undertalien, the origin of the 
tlifficnlty suggested itself. The two short wires 
co~nlecting the mercnry-cups hacl been in one 
case thrown with the galvanometer cloubtless, 
ancl in tlle otlier with the shunt. Tt was 
perfectly certain, liowe\~er, that throughout the 
tests they hacl forined a part of the galranome- 
ter. Upon examination, this explanation mas 
at once fonncl to be correct. The shunt ancl 
galra~iolneter were connectecl up precisely as 
they had k~een ia Cincini~ati : and a series of 
twenty-fire observations galre, when the small 
wires m r e  a part of the slinnt, a multiplier of 
4.60 ; ancl, when they formed a part of the gal- 
vanometer circuit, it  was 5.01. The measure- 
ments were macle by coinpnring the resistance 
of the two parts of the circait by means of the 
fall in potential, as shorn11 by a Thomson's 
reflecting galvanometer of high resistance. 
\Vliile ill use in Cincinnati, tlie shunt mas con- 
stantly cnrryiilg a portion of the current ; and 
its temperature mas therefore alwaj-s slightly 
higher than that of the galvanometer. The dif- 
ference v a s  small, and it could not be measured 
accurately; but, on account of its existence, 
it mas thought proper to acljust the shunt mul- 
tiplier. An excess of heat in the shunt mould 
throm a greater amo~ult of the current through 
the gal~ranoineter than would go there if the 
two were at the same temperature : accordingly, 
the value accepted was 4.9 instead of 5.0, as 
indicated by the compnriso~i, in mliich the cur- 
rents usecl were much ~venlcer than those trans- 
mitted during the tests. I t  mill be observed, 
tile existe~lcc of an excess of temperature in 
tlle shunt favors sornewliat the system in 
~vhich the stronger cnrreiit was transmitted. 

I11 the mensureinents of electromotive force, 
Thomson's potential gnl~~aiiometer, by White, 
was nsecl. In the beginning a large number of 
coinparison observations mere inacle, in which 
the same elcctroinotive force mas measured by 
this iiistrunient and by the ~vell-lenomn method 
of discharging a coildei~ser through a high-
resistance galvanometer. 

A condenser of one-half micro-faracl capacity, 
and a reflecting galvanometer of nearljr seven 
thousand ohnls resistance, both by Elliot Eroth- 
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ers,  wele used with a battery of tell D a ~ ~ i e l l  p ~ x e l y  con~petitive, the  j11r.y clecided t o  lgliore 
cells in  good condition. T l ~ e s e  comparisons 
proved that  the indications of the potential gal- 
vanorneter conlcl be relied upon a s  trnst~vortliy 
rr i thi i~ practical limits, and in the actual tests 
i t  alone was usecl on account of tlie greater 
coar~enience and rapidity with ~'i'llicli observa- 
tioils coulcl be macle. Further  tests of its 
accuracy n-ere macle, lion-ever, vc-hich will be  re- 
ferrecl to  later. I t  is  sufficient to say, that  this 
ins t~nment ,  i11 forin ant1 construction, is  quitc 
similar t o  the current galvanometer already 
described, except that  the coil has a resistance 
of n e a r l ~  seven thonsancl ohms. A key is 
placccl In the circuit, so  that  the current passes 
throrigli the coil only (luring the few rnoments 
necessary to  secure a reading, thus preveilting 
the heating of the coil. The  difference of po- 
tential in  volts, betn-een the t n  o points t o  n-hich 
the leading \?ires are connected, is  fhuncl by the 
same process a s  is used for reducing the reacl- 
ings of the current galranoineter t o  amphres. 
I n  nieasuriiig the efficienq- of the clyi~anlos, 
mires Fere  b r o ~ ~ g h t  fi'oin their bincling-posts to  
the galvanometer. I n  the arc-light niacliil~es 
the electromotive force was high, amounting to 
more than t77 ell-e hundreil T olts in  the Thoin- 
son-Houston clynamo ; aacl it  TTas therefore 
desirable to  introduce e x t ~ a  resistalice ill tlie 
galvanonieter circuit. F rom resistance-boxes 
made by  Elliot Brothers, a11 ainount equal t o  
s e ~ e n t e e n  times the resistance of the galva-
nomcter was tliro~vn in,  thus bringing the fall 
in potential in the gall a i~ometer  ~vithiii easy 
range. Great  care n-as talcell to  see tliat the 
coils n-ere not lieatecl cluring these ineasure-
ments ;  and for tliis purpose the boxes n e r e  
opened, and the coils exposecl t o  the  air,  fre- 
quent examination being iilacle to  see that  no 
rise i n  temperature took place. Precisely the 
sarne arrangement existed t l i rougl~o~lt  tile tests 
of  both arc  systems. I lur ing the photometric 
tests the wires of tlie potential galvanonleter 
were attached clirectly t o  the lamp under test ,  
so  that  the fall in potential through the lamp 
only was measurecl. 

Uncluestioaably, the most diflicnlt question 
t o  deal with, in  n.ork of this kincl, is the clues- 
tion of photometry. T h e  expression of illui~ii- 
nating-power in  ' candles ' is a liiatter of great  
uncertainty, arising from the uncertain cliarac- 
ter  of the staudard, arid also from tlie great  
inequality existing in  the intensity and com-
position of the lights which are brought into 
comparison. As the  test was intended t o  be  

the qucstion of ' candle-power ' entirely, and 
coi~fine itself t o  a cornparisoii of the lights 
~ i n d e r  consideration. I t  is  believed that  the 
ttdol~tioii of tliis plan rcnclered the iesnlts 
free from Inan? errors to  nllicll they would 
othernise ha\  e been liable. 

T h e  photometric caomparisons mere made by  
ineanr of the ort1in:~ry B u l ~ s e ~ i  clisli photoineter, 
as  ~noclifiecl by Letheby. Some prelimi~lary ex-
pcri~nentsn e r e  niacle ~vltli  one of (:Ian's spec-
trum pllotometers, for tlie use of vchid~ the jury 
TT a s  again indebted to tile l i i l l c l ~ i e ~ ~  of Yrofessor 
Gracliett. T h e  acljustinents of this instrument 
itre clelicate, ailel ohserrations cannot be nlatle 
so  rapicllj with i t  a s  nit11 the ortlinary disk 
pl~otolueter; so that ,  in  consideration of  the 
liiilited time a t  the disposal o r  the jury, i t  was 
clecicled not to  attempt i ts  gener:il use throug11- 
out the tests.  I t  xras l~opecl and intended, iia 
the beginning, t o  nialie a thorough examina- 
tion of tlie con~pos i t io i~  of the cliKerent lights ; 
but unfoieseei~ delays in the prepnrat io~l  oC 
otlier poi tioils of the macliineq- of tlie test for- 
bade tliis. As the callclle n a s  nol m:tde use 
of, all the lights n l ~ i c h  n ere conq)aretl n erc 
more neailg- of the same composition, and tllus 
111nch of the difiieulty in the use of the clisli 
l~llotometcr clid not appeal.  

I t  n a s  found niost conlellier~t to make the 
con~par i so i~of the arc-lights through one of tlic 
incanclesceiit lamps, a s  tile steadiness and con- 
stzulcy of theie  coulcl he tlepended ~1po11 cluriag 
the tiine necessary fhr a colnparison. Ill these 
measurements, a long galleiy in  the l~asement  
of the i11ai11 buildiilg, ai~cl acljoi~iing the testing- 
room, aiacle it  possible to  place the t ~ v o  lights 
nhich n ere being comparcrl a t  a distalice of fifty 
feet from each other. T h e  liiie extended into 
tlie testing-room, where tile photometer-ba~, 
ten feet in  lengtli, was placecl. A n  Edison in- 
eai~rlescent lamp, noininally of sixteen cauclle- 
power, n a s  used as  a stanclartl. I11 the first 
series of experiments, comparisons were made 
with the arc-lamps in three different positions ; 
G\ e rentlings of the l~ositioii of the  l)l~otomeler- 
box and of the galvanonieters being made a t  
each positioi~. T h e  lanip was first suspencletll 
in its normal, vertical position ; tlleri aftermartls 
it  was inclinecl a t  ail angle of forty-fire degrees, 
first with i ts  base away from the p h o t o m e t ~ r -  
box,  mld afterwards nit11 i ts  base towards the 
same. After sue11 a series had been completed 
with one of the two lamps in competition, it  mas 
a t  once rernovecl, and its place was snppliecl by  
the other. On the following night the  com-
parison was continued. other l a ~ n p s  having been 
selected ; but the lanips mere testecl in  only two 
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positions, — the normal position, and that in 
which the base of the lamp was towards the 
photometer-box ; these being regarded as the 
positions of the greatest importance. Alto
gether, twent}-five photometric observations 
were made in comparing the arc-lamps. The 
lamps compared were taken at random from 
those in use by the exhibiters. 

The comparison of incandescent lamps pre
sents questions of far greater delicac}^ and diffi-
cuhVy. There is one element, in the economy of 
an incandescent lamp, which does not enter to 
any extent in the consideration of arc-lamps ; 
that is, the life of the lamp. Although of great 
importance, it did not seem possible, in the 
limited time which was at the disposal of the 
jury, to investigate this point. The only fair 
and impartial method of making such an investi
gation, involved, in the opinion of the jury, the 
continuous and prolonged burning of a large 
number of lamps belonging to the different 
competing systems. Under the circumstances, 
it was absolutely impossible to make use of 
this method. 

There exists, also, difference of opinion as to 
the proper method of comparing the efficiency 
of two incandescent lamps. They may be re
duced to the same illuminating-power, and the 
electrical energ}^ consumed b}r each may be 
compared ; they may be brought to a condition 
in which they consume the same electrical en
ergy, and their illuminating-power compared ; 
or they may be allowed to differ in both of these 
elements, and comparisons be made in both. 

The first method has been pursued in several 
tests which have been made both in Europe 
and in this country. 

Incandescent lamps are generally made to 
be equal, nominally, to a given number of 
standard candles ; but, by modifying the con
sumption of energy, a lamp of nominally low 
candle-power can be made to produce almost 
any degree of illumination, from nothing up 
to the equivalent of several hundred candles, 
the high illumination being, of course, at the 
expense of the life of the lamp. If this element 
is left out of consideration, the efficiency of a 
lamp increases rapidly with its degree of incan
descence. As it is by no means necessary that 
incandescent lamps should run at a fixed ' can
dle-power,' it will follow that the temperature 
at which a lamp will show greatest efficiency 
(including the life element) will depend greatly 
upon its construction. 

Taking two lamps of radically different con
struction, however, there will be for each a 
certain set of conditions as to current strength 
and electromotive force, and including the 

element of life, under which it would show its 
highest efficiency and economy. After such 
conditions were determined for each lamp, a 
strict comparison would be possible. The re
duction of two such lamps to the same degree 
of illumination would probably be unfair to 
one or the other, or possibly to both, if the ele
ment of life is not considered. 

Suppose that a lamp in one s}Tstem is at its 
best, all things considered, at fifteen candle-
power, and that one in another reaches its 
highest degree of efficiency at sixteen candle-
power. If they are both brought to fifteen 
candle-power, the second must suffer in the 
comparison ; and if both are brought to sixteen 
candle-power, and the element of life is not 
considered, it will again suffer, for the apparent 
efflcienc}7 of the first will be increased by its 
higher incandescence. 

As the labor of determining the most favor
able conditions for each lamp would be so 
great as to necessarily throw that method out 
of consideration, the jury felt constrained to 
adopt the last of the three methods mentioned 
above. The jury assumed, in fact, that the 
exhibiters of the different s}^stems had already 
determined these favorable conditions in their 
own interest; and that in putting their lamps 
before the public for the entire period of the 
exposition, each maintaining more than two 
hundred lamps in different parts of the expo
sition building, they would operate them as 
nearly as possible in accordance therewith. 
In other words, it was decided to compare 
the lamps as the}^ were used in the exhibit, 
determining the ratio of their illuminating-
power, and measuring the electrical energy 
consumed by each. I t is proper to state, that 
the lamps of both systems were spoken of 
by their respective representatives as sixteen 
candle-power lamps, although certain marks 
on the lamps which were supposed by the 
jury to refer to candle-power did not exactly 
agree. 

To secure impartiality of selection, the jury 
requested permission to have access to the 
supply of lamps kept by each company for use 
in the exhibit, which permission was freely 
granted. From each, ten or twelve were se
lected at random, and carried to the testing-
room ; and from these the lamps which were 
compared were taken. They wTere placed 
upon the photometer-bar at a distance of a 
hundred and twenty-five inches from each 
other, and a system of switches was arranged, 
so that the galvanometers could be quickly 
connected with one or the other. Measures 
of current and electromotive force were made 
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rapidly and continuously during the photomet- 
ric co~nparison. 

hTeither of the t ~ o  lamps under test illumi- 
nated equally in all directions. They were 
therefore comparccl in nine different positions, 
each lamp nssumiiig three, wliicli were desig-
aated respectively, ' flat,' ' edgen ise,' ancl 
' forty-fire degrees ; ' and each position of one 
was conlparecl with all of the other. Five sets 
of reaclings wele made a t  each position, mak- 
ing, in all. forty-fire comparisons of thc tmo 
lamps. A number of preliminary comparisons 
were macle, ~ ~ i i i c h  considerecl as forin- nTere ~ i o t  
ing a part, of the actilal test. The latter was 
inacle on the e ~ e n i n g  of Sept. 29. 

Tlie determination of the eniciency of the 
dynamos consistecl in measuring tlie power 
consumed, as shown by the dynan~on~eter,  on 
the craclle of which the dynamo was placecl, 
arid at  the s:inie time measuring the cuvrent 
and the electroniotive force at  tlie bincling-
posts of the inachine. The speed of the 
main shaft being nearly uniform, it mas ne- 
cessary to place cliffereilt pulleys opon it,  in 
orcler to secure the necessary spcecl for tlie 
armatures of tlie clifferent machines. Tlie 
speed of running being a matter mliich con-
cernecl tlie exliihiters lather than tlie jury, 
they were requestecl to furnish the cliinensio~is 
of these pulleys, and accorclingly did so. The 
average speecl of tlie armature of the lITestoii 
dynamo for iiicanclesceiit lamps mas a little 
above ten hui~clrecl ancl thirty revolutions per 
minute, during three different series of obser- 
vations macle while the machine nas  on the 
cradle. The Eclison d ~ n a i n o  was placed on 
tlie craclle on the afternoon of Oct. 2 ,  when a 
series of measnrements nTas inacle with nn 
ar7eiage speecl of ten hunclrecl and sixty-eight 
re\olutioiis. This was above what inny he 
called the normal speecl,' ~vllicli mas clue 
partly to tlie size of the pnlley, ant1 p a r t l ~  to 
tlle fact that the engine nras doing but little 
otlier morlc, and mas probably runnlilg a little 
abo~re its iiorinal rate. In the el euing the 
tests were continned, the speetl of the arma-
ture being a little below a tl~ousniicl revoln- 
tioils, the electroinotire fol-ce being also less. 
I t  mill be observer1 that the ' efficiency' of tliis 
c1yn:uno. r~ncler the latter conclitions, differs 
from that uncler the foriiler by only tn~o-tenths 
of one per cent. l'articrilar attention is called 
to the fact, that no photometric measurements 
were made with lamps on tlie circuit of the 
Eclison machine, which n.as on the dynamome- 
ter ; those used being supplied from another 
similar dynamo, 11~1iicli was rtui by an Arming- 
ton and Siins engine, mliich formed a part of 

the Eclison exhibit. A glance at the results 
given below will slio~v that the electroinotive 
force in the latter case was much lower than 
in the former. 

Tests of the galca~zometers. 

Although the jury was satisfied of the accu- 
racy of the Tlionlson galvanometers, within all 
practical limits, before deciding to rely upon 
their indications, for reasons that neecl not be 
refcrrecl to here, it mas considered desirable, 
after the conclusion of tlie tests, to make such 
an examination of then1 as ~vould leave no 
doubt as to the correctness of this opinion. 
The chief cause of error in these instruments, 
ancl in all of a similar construction, is the pos- 
sible variation in the strength of the permanent 
magnets mliich establish the field in which the 
iieeclles move. The existence of a strong field 
is a great acl~antage, as has already been 
pointecl out, proviclecl its value is known. An 
exainiiiation of the iiistrumeiits nTas made be- 
fore they were taken to Cincinnati : and then, 
again, when they mere mounted in tlie testing- 
room, they were comparecl vitli others not 
liable to sncli alterations, as before related. 
hTumerous tests were made to ascertain if each 
instriunent was consistent mitli itself by ineas- 
uring tlie same quantity with the inagnetomz- 
ter at  clifferent points of its scale, thus varying 
the position of the neeclle ; and tlie results 
were satisfactog. Finally, after the instru- 
ments were returiiecl to tlie physical laboratory 
of the Ohio state university, they nTere sob- 
jected to tests, a brief account of n~hich is as 
follon-s :-

For the potential o'alvanonieter, ten cells of' 
the ' gravity batter-,'- tlie elements of ~vliich 
nTcre zinc, zinc sulpliate, copper snlphate, and 
copper, -in good coliclition, mere individually 
compared by the condeiiser method with a 
staiiclartl Daniel1 cell set 111) for the purpose. 
They cliffcred very little among themselves ; 
and ;vheii the electroniotive force of tlie ten, in 
series, mas n~easurecl by means of the 'rliom- 
son iiistrun~ent. tlie resultii~g el~ctroinotive force 
of tlle I)aiiiell n7as 1.106 \.olts. The instru- 
ment was also comparecl with one of Ayrton 
and I'e~ry's ~ol tmeters ,  liinclly f'n~iiished for 
the purpose by the Electric s1upplx conipaii~ of 
New-Yorli City. For tliis pm.pose recourse 
was 11ad to an Eclisoii lighting-plant. the in- 
str~uneiits being al~pliecl lo the same lamp. 
The fall in potential in the lamp was at first 
110 T olts, IT llicli was bcyoiid the range of thc 
Ayrto~: and I'erry instrument ; but it was re-
cluccd a little belom 100 rolts, and two meas-
urements were talien mitli each instrument. 



T l ~ eTl~ornson re:id the smile 111 hot11 meas- 
uiemeuts, mnl\iug the electlomotive force 37.6  
r-olts. T h e  tli\ isions on  the scale of tlie .1yrton 
and P e ~ r y  n elc  7 e ly small, making tlie i eatling 
c1~1ite difficult. ITlom it n e l e  o1)tainetl. 111 tlic 
t 7 \ 0  mensu i~e~~len ts ,  jolts.96.1  and !)T,.,j 

iLssmning that  the ficlil of the potent~itl  gal- 
I anornetel is klion 11, it  is ens! t o  d e t e ~ m i n e  that  
of the c u ~ ~ e n t  thegal\,aaonieter, :IS magnets 
a le  i n t e ~  c1iange:lble. A s e ~ i e s  of o b s e ~ r  ations 
nits nixcle in  nliich n piac t~ca l l j  constant 

ters nrr~st lii, ailniittetl to  be \\11:it they were 
assnmecl to  be d ~ ~ r i i l g  practicallythe tests, --
correct. Gut, even if they were somen-hat in 
clrror, tlie sin~ilarity of contlitions uncler mhich 
tile coliipeting s\ stems 17 c,re tested n as  such 
that nll n ould l ~ e  :rflt~c~tetl:ilili-e. 

I n  determining the efliciency oi' tile dy11:1- 
rnos, after cvcry thing IVRS foui1(1to be ill gooil 

quantity IT a >  n ~ e a s u ~ c d ,  nitli  o ~ l e  of' t l ~ c s e  orcler, a. r u l ~of' abont 11nli' an 1io11r n.ns ~ i l a d c ;  f i ~ s t  
magnets on tlie magnetornctc~,  ancl t l ~ c n  \ \ -~t l l  tlliriiig n-liicll time readings n r r e  talielr every 
the otller, a l t e~na t ing  thloughont the s e ~ i e s .  tn.o n ~ i n r ~ t e s ,:IS 11ear1y :is conld be, of 
'I?\\ el\ e ohselr ations 111ade in this wav s l i o ~ ~the ilynainometers and electrical instrmnents. 
:L mean difference of 1.'i;c/; betn~ecn the tn o 
nlagnetic fielcls. TII the 11t1111bc.rs llscd in tllese 
tests tlre difference is 2 ~ 5 .  

r I7 he cur re i~ t  gall anometer was illso co11il)arrtl 
vitll  an A j  rton and I ' c r ~ j  amrnetci a t  tllc 
saiiie time a t  mliiclr the potential instluments 
neii. c o m p a ~eel. l'lic circumqtnnces tlicl not 
allow the  use of a stlonger current tliml that  
passing through n single Ii,clison lnmp. Tlle 
result TIas therefore not of great  value. The  
Thomso~isholrred 1.0.5 aml)&res, and tlie i i j i t o i ~  
nnil I ' c~ i )  gnre  1.03 for the snnie c l l~ len t .  

Sel-clal te,ts of the curl cnt  ca l l  alioiiiete~ 
n ele ni:~de b? lnealls of a I)attery of' fi\ e (:lo\ ix 

cells. n hie11 Jvere freshly set up .  'I'he leading 
of tile ga l~anoine te r  n a s  notecl. :~ncl then a 
l e s i s t a i i i ~  of one oh111 n a* in t lod~~ce t l  illto thc 
c~ircuit. T h e  first re:~tli~ig anil the sec- n as  I I), 
ond n as  9.5 ; sllon ing tliat tlie i e s~s tanceof tlicl 
l ~ a t t e l ~  n ns one olini. ant1 !+IT a n o ~ n c t e ~  'l'he 
clectromoti~c l 'o~ce of the Ijattc,~y n a s  the11 
t l e t e ~ n i i ~ ~ e i lby nieans ol' the potential galva- 
nometer. Two ~neastuelnents n ere niadr ; the 
first giving 9.43 jol ts ,  and the secontl 9.56 
volts. Ass111?1ing tlie ~ e s i s t a ~ l c e  to  be onc ohm. 
as  shown abore, tliese nuu~ibers nonld repre- 
sent,  in accordalice with Olim's law, the cur-
len t  in amp'res. T h e  current, a s  cnlculatecl 
from the  g a l ~ a n o m e t e r  rcading , wn s 9.5 am-
pBres. 

AIa11y other tests of a s i n ~ i l a ~  cl~aracteln e ~ c  
made, all of ~vliicli shon ed that tlie galranonie- 

Gencrrnlly fro111 tell t o  t n - c n t  sets of reaclil~gs 
were securcil. In ~i los t  cases two or Inore 
' r i ~ n s' were niatle ; the repetition being in some 
instances tlie tlesi~,c of the jul'y, n~icl in others 
oi' the csl~ibi ters .  Soinetimes the conilitions 
under ~rliicii the tlynamo mas r t~nning  F e r e  
ch:lnged by tl~t: eslliliitcsrs, wit11 the especta-  
tion, doubtless, of' illcreasing i ts  efficiency 
therei)~. .  In the f o l l o ~ ~ i n g  sumn1al.y of results, 
the ~ i u ~ n b e r s  shon-ing tlie electromotive force, 
~ n r r e n t  strengtll, po\vc:r consrrrned, ctc.,  are 
inea.ns of :r 1i11n1l)erot' ol)scrv:ltions. 

T h e  table on tlic liest page shows tile iesults 
of the photoinct~io c~onil1:11 ison of the t n  o a1 (,-
l:nril~s, nntl \ \ i l l  be easilj nntle~stootl.  ?'he nl -
i o n s  s l ~ o n ~  tlie direction of tlic light measurecl ill 
c:icali series : t l i t~s ,c rricaiis a l i o ~ i ~ o ~ i t a l  mix:ts-
u ~ e i ~ ~ c l i t, 9 iiieails that  Ille mcastue~nent  I\ a i  
of tlie l i g l ~ t  going 11pv m (1 at arl migle o r  fort3 -
i i r  e degrees ; nnd rc lefel i t o  the light going 
donnrvarcl a t  nn  allgle of fortj  -fr\ c deglecs. 
Fo l  conr e~iielice, [lie i n l c ~ ~ s i t j  of tlic iii terms 
staililarcl (an Edison incandescent larnl~)  is 
multipliccl by 1,000 before d iv id~nq  b j  tl1(~ 
number of \lratts. 

It mill be  seen lhnt the diffeient lamps clif-
fiwcl from each other consiclerably in  their 
clficiency. This  n as esltecinlly t ~ u e  of the 
Il'cston lamp, ~ h i c l i  v a s  irregular in  i ts  ac-

Ejic iency  of dynamos. 

I l ~ i ~ o m r o ~ . X ~ ~ ~ ~ a t o nWeston dyllrtno \i.estia dynamo I Ediaol~ 1yn:~rno djn;xrno 
for arc lighting. for arc liyllting. for incnndcacent lighting, for incalldi~cccot lighting. 

. - --.- ..--A. 

Sept. 25. Bept. 28. r-Sept. 2 9 . O c t .  2.-


1232.0 1175.0 

10.03 10.08 
16.6 1 3  9 
19.32 20.59 
85.9 77.2 
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Direction Eiectro- / Intenbity
of motive / Watts. in terms of 

light. __Iforce. standard. 

25.9 

17.6 

32.3 

Other lamps. 

Qenerr~l nzeans. 

tion. The numbers under the head of General 
means ' show the average light i11 terms of the 
standard, in all clirections measured, ancl the 
relative illnininati~lg-power per unit of energy. 
There is a c~ifference of Inore than forty 1Jer 
cent in favor of tlie Thomson-I-Iouston. 

Pliotomet~y of incandescent lamps. 
The table below, slio~ving the resnlts of the 

photometric comparison of the incandescent 
lamps, mill need but little explanation. I n  the 
first column the relalive position of the carbon 
iilameiits is shown : thus, I I means that they 
were parallel to each other, alld a t  light angles 
to the photometer-bar. 'I'lie three positions of 

n lamp were clesignated as ' flat ' ( [ ), edge-
wise ' (-), and 'forty-five degrees ' ( \ or / ). 
W, 
-denotes the Watts of the Eclison divided by 
W,, 

tile J,Tntts of lIaxim. TIle column heac,ecl 

1,'

Wsi shows the actual illuminating-pow of the 

lSrlison, comparecl with the Maxim as a unit ; 
ancl tlic numbers are the squares of the ratios 
of their respectire distances from the pho-
tometer-box. The numbers in this column, 
cliviclecl by those in the one preceding, give the 

-
EE 

numbers in the last column, heaclecl -, or the 
ME 
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light from the Edison per unit; of cnergy as 
compared with the Maxim. 

The results of these co~llparisons in nine clif- 
ferent positions malie it possible to establish 
certain comparison equations, from which 
means may be obtained which will serve to 
eliminate, to some extent, the errors of ex-
periment. 

Let  u = the light from the Alaxirn lamp 
' edgewise ; ' then, by working through the 
clifferent position7 of the E(liso11, the above re- 
sults give -

and for means -

By a similar co~npatation it is found that- 
4.5Sa 4.43a 4 . 3 6 ~  


ls>ii iaot~ ' 7 R.960 3.93rr 4 . 3 8 ~ 
1 I 3.i4n 3.Z811 3 . 8 6 ~  


the rnealls of which give --

Figs. I ant1 2 sliom the arra~lgemeiit of'thesc 
intensities of illun~ination aro~~ncl the carbon 
filamenl ; the plane of the filalnent being verti- 
cal, arid Naxim edgewise being talcen as nnity. 

For the mean all ror~nd, the resnlt is -
Edison = 4.09 31asin1 ==2.44 

4.09 E 
. -
2.44 -. 

1.676 == 31- - in light. 

12ut from the previous table, 
11: 

1.3313 = - in energy :
i\I 


1 . G i ( i  I?: 
therefore 1j3C,= 1.25 .= -iJE in l ight  per elec-

tricnl horse-powe?.. 
I t  seems evident that this d i f ~ ~ ~ e n c cof 

twenty-five per cent ~c isonin favor of the 14'1' 
lamp is largely due to tlie form of the incan- 
descent filament ns compared with that of tlle 
I I a s i ~ n  lamp. The latter sho~vs great inequal- 
ity in illumination in different clirections, the 
light measured from the flat sicle being ahorit, 
three and one-half time.; as great as that oh- 

tailled when the lamp is edgewise. The effect 
of this increased radiating surface is shown 
in the last column of the above table, from 
which it appears, that in tlie coinparison of 
the JIasim, ' flat,' ~ 4 t h  the Edison in all posi- 
tions, the former shows a higher actual efi- 
ciency than the latter. I f  this large radiating 
surface could he made to clistribute its effect 
around the circumference, the lamp would, in 
the opinion of many, be greatly improved. I t  
is fair to say, however, tliat the uaequal dis- 
tribution of light is claimed, by at least some 
of the representatives of this lamp, to be an 
important advantage. I t  was not so considered 
by the jury. 

The form of the carbon filament in the Edi- 
son lamp is such that a math greater uniformity 
of ill~~mination While the Naxim form results. 
has the advantage of concentrating the radiat- 
ing surface, the armngemcat of the carbon to 
accomplish this greatly clilninishes its effective- 
ness in the ' edgerise ' position. I a  the Edison 
there is bnt a single loop ; and, furthermore, this 
is generally curved, so ihat it cloes not lie in 
one plane. As n result, one side of the loop 
never cxactly hicles the other, and there is but 
little loss from tliat source. I t  will be seeu in 
the above fignre that the illuminating-power 
of the lamp eclgenrise actually exceeded that 
in any other direction. This difference was 
too constant and too great to  be attributecl to 
error in esperimeat. I t  is attribntable, no 
cloubt, to the fact, that in this position the lu- 
millous lines lie nearly in the axis of the pear- 
shaped glass containing them, as viewed from 
the photometer-box ; theye being, therefore, 
less scattering of the light in transmission, and 
possibly some gain 011 acco~lnt of reflection. 
Of course, if' a 1aiii1) \yere used in which one 
of the bra~iches of the loop exactly or nearly 
corerecl the othei. in this position, a different 
ratio of illriminntioil might follow. 

Tl~rougllont tlie entire series of tests the 
, j ~ l r ~was Yorlu~lnie in having the assistance of 
Mr. A.  L. Rohrer, n student in physics in the 
Ohio state university. 

I n  the cliitribution of work, Mr. Eddy and 
Mr. Lai~1la.c~ made tlie obserrations, and kept 
the recortls of the dynarnoilleter worli; Mr. 
Lnicllaw also t7Jiing ancl reducing the inclicator- 
cards. Air. French made the reaclings of the 
position of the photometer-box, and set the 
same. BIr. Mendenhall gc.nerally read one of 
the galvanometers, and Mr. Rohrer the other ; 
the latter generally keeping the notes of the 
electrical work, although this .cvas done on 
several occasions by Mr. French and by Mr. 
T,aidlaw. 
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The results of these tests secin to point to 
one conclusion of very consiclcrablc intcrcst. 
I t  happenecl that the competition in both the 
arc nncl incanclesceiit s j  stems was bct~vcen low 
electromotire force and great stieirgtli of cm-
rent. on the one hand. and high elcctroniotivc 
force, with wealcer current, on the other. 111 

one arc systern the electrolnotire force was 
:rlmost exactly do~~b lc .  ancl thc current nlmost 
exactly half, tlint of the other. I11 the iiicnii- 
clescent systems, the contrast, althougli not so 
great, was very n~arkecl. I n  tlicsc trials the 
adrantage was clecidedly on tlic side of high 
electromotirc force. 

NOTES ON T H E  VOLCANIC El1 UPT J O N  

Ox the western sitlc of tlic entr:~iice to Coolc's 
Inlet (Sorty-fire miles wide) lies Cape l>ong- 
Ins : and lo the nort1~rn:~rtl of t h r  c:tpe llrc shorc 
recedes over tn7enty miles, foriniiig t11c Ilay of' 
IZamishali. I11 the i~oilhern part of this bn j  
lies the Islniid of Chernaboura (.black-bro~11 ' )  , 
othcrmise called Augnstin Jslancl. I t  is ciglit 
or nine ~nilcs in cli:tmeter, niitl nc:ii its north- 
enstera pnlt rises to a peak cnllccl by Cook. 
Mount kit. Angustin. As laid clown by Tcben- 
lcoff, tllc islm~d is nearly ioaiicl. The no:thei~i 
shores are high, rocliy, and foorbiciding. nnil arc 
borclerecl by rnst iiumbels oE locks ~tnil lilclcleii 
dangers. The soilthern sl~ore is comp:\l a t i ~el3 
lorn. 

AIo1111t St. -1ugaitin wns clisco\ erctl 'iilii 
llanlcd by ('apt. Cook, 31ay 16, 1778 ; ant1 lie 
describes it as having ' n conicnl figme, t~iltl of 
7-ery considerable hright.' In 17'34 l'ugct tle-
scribes it as 

"A very remur1i:tble moulltain, risillg wit11 a tirii- 
form ascent from tlie shores to its lofty suminit, n,hiclr 
is nearly ~~erpenclicular to tlie centre of thc islancl, 
inclining soni1ewh:~t to its eastern side. . . . Towards 
the seaside it is very Ion.: fromwlieiice it rises, tllongll 
regular, with a ~a t l i e r  sleep ascent: ancl forms a lofty, 
uniform, ancl collical mountai~l,  preseiiting nearly Ihr 
same appearance from every poirit of view, and clotl~ed 
with snow and ice, through which neither tree nor 
shrub were seen to protrude; so that, if it did produce 
any, they must either hare  been very snlall, or the 
snow must hare been sufficiently decp to have con-
cealed them." 

A t  that time there were native hlulters, nnder 
the direction of two Rnssians, hnnting or liv- 
ing in the vicinity of the north-eastern point of 
the island. 

Vancourer placed the peak of this lnountain 

1 Communicated by Prof. J. E. ITiigard, superintendent U. S. 

coast and geodetic survey. 


ill latitoclc 5'3" 22' : Tcbenkoff places it in lati- 
tucle 59" 14'.  

Tlie peak of St. A2~igustiii is distant fort? -
nine rniles ncarly dnc \rest (ttue) from thc set- 
tleincnt on the so~lthern l~oint  of Poit Grnh:ln1, 
or, as it is sometimes cnllecl, English TTarbor. 
This harbor is situnted on the eastern sitlc of 
Cook's Inlet, irear Cape Elisnbetll. 

I n  coiinection with the fa11 of pumice-dust 
at  Ilialiuli on Oct. 16, 1883. it insy he of i11- 
terest to obser~ e, that the peak of Augrlstin is 
over sel en l~i~nclrecl rriilcs to thc aorth-eastn nltl 
of Eogoslofk' Jslanil, off Unalnshlia (see map). 

About .eight o'clocli on tlic nloriiing of Oct. 
6 ,  1883, the ~vcatller being beantifull cleai . 
the nrintl light l'rom the sonth-westn arcl (com- 
pass). antl the tide at  deacl low ~rnter ,  t11c 
settlers niid fishi~lg-parties at  English IIarl)ol 
hcard a Iiearj leport to ~vincl~~,arcl (L2ng~~stin 
bearing south-west by ves t  thlee-fo~~rths \vest 
by coml~ass). So clear n ns tlie atmosphere 
that t l~e  opposite or no1t11-ncstenl coast of the 
iiilet n a s  in clear rienr :tt n distai~cc of mole 
than sixty miles. 

7\.'hcn thc heavy e~plosion was he:lrcl, st 
niid dense volnnies of srnolre mere seen rolliiig 
out of tile sninmit of St. Augustin, nncl 1110~~- 
ing to tllc north-eastn arcl (or 111~tlie inlet) 
niicler thc influence of the loner strntmn of 
Tr ind ; :~iiil, at  the same time (according to the 
statcinents of n hunting-palty of n a t i ~ ~ e sin 
i<ainisllali 13:1y), a col~lmil of Ivl~ite ~ a p o rnrosr 
fro111 tlie sea near lhc islnnd, slovc.1) nsceiiding. 
a i d  g ladl~nl l j~  Tllcbleiiding TIit11 thc cloncls. 
sca \ \as also gleatly agitated ai~cl hoiling. mak-
ing it iml,ossihle for honts to lnnd 11po11 or to 
lea\-c tile islancl. 

Fro111 E11glish Ilarbor (Port (>i allam) it n as 
iioliced tlint tlic colulnns oi'smoke. as t l q  grntl- 
11nl1~rose, ipread orcr tlie ~ is ih lc  heal ens, ai~cl 
ohscnrctl tlie sky, cloubtless uncler the iiifluencc 
of u liiglicr c~lrrent jprobnhly ilorth or nortli- 
east). Fine ptunice-dust soon began to fall. 
bnt gciitlj-, some of it being very fine, ailtl soirie 
very soft, witllont grit. 

At nbout tnenty-five n~inntcs past eight i.11.. 
or tweaty-fir e minutes after the great eruption, 
a great . earth(yua1ce wave,' estimated as hoin 
twent~--fireto tliirty feet high, caiile ~ l p o i ~  Port 
Graham like a nrall of water. I t  carried off 
a11 the fishing-boats from the poilit, ancl clelnged 
the honses. This nras followed, a t  intervals of 
nbout five minutes, by two other large waves, 
estimated a t  eighteen ancl fifteen feet ; antl 
during the day several large and irregular 
waves came into the harbor. The first wave 
took a11 the boats into the harbor, the rcced- 
iilg wave swept tliein back again to the inlet, 


