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RF..SIBTIVITY . OF ltimOURY-TIE ALLOYS 

INTRODUC~l:o~ : Th~ way in which a qu.anti ty of eloetric11u 1a 
:passed along. a eonduotor or tlu-ougll a modi um appears. to diffar 
with the mec.U.um. In one class of. conductors. metals, ce.rbo11, 
eto., n9 oha.nga in the conductor•is ·found oth~r than a rise in 
temperature. · · 

· ln ~otht'Jr class, Mm0l1 olectrol~ea, the current ia car-
ried b;r the dissoc:li,;ite~ .pa.rte; or ions~ of the a.cid, baso. or 
sa.lt;,'~li,, J?OSitivel:r cha,rged ions migratir.€ · 1n the .cliroction ··~ .... 

. · of)tfJ..ti poa,ltive qµrrent, and ·tho negatively charged ions in 
tllt) o:r:wos.ito d1reo't;ion. < ~hat: 1s. :.there ara two. oppositoly 

. clw.rg~d. ·:streams ot particles, traveling in opposite d1rootions. 
This ~esult.&J in changes in concentration of tho electrolyte 
about the pQ1nts where tho qurrent entors and laavos •. 

In ga.ses.tJ, still diffar,erit moohan1,sm of conduction appoara 
;iv. to u1at. A #OG electron ·mov1ng .. ln an eleotrio field acquires 

sufficient velocity ;to ·freo other ·.:electro no on impact \vi th a 
gs.a a.tqm.. · Tllts. reJ?ea.ted, sQon reSU.lts · in a. largo number o~, . 
t1•ee.: el eotrons, wh~oh. d.r1f1llns .].h tpe. direot ion of the ~Jo la, 
constitute.·~ l'lSSO.~i'V'tl our~l'lt,, while th.a' slower. •heavier poai-
t~ve atoms .l'n()vlng in th~ opposite.:'(lirectj.on, constitute a pos-
itive curro,nt, A e,hol"t time after tlle ·:r1eld is removed, the 
gas regains ita no~ con<.luot,ing.· pr~pertias. 

When· .. a•metf).1···passss.1ntb·.t1la liquid. ata.te, ... its conducting 
prope~t1es change aonsida:rably. .·Its. rasist1v'ity· is· inoroasod, 
and its ... tempara.tura-:resistahag ooaffioiant • ia very snall in · 

· OO?ll>a.rison \Vith·the coaff'ia~ont for the' solid atata. Its· con-
ductivity is·.s.tS.ll very la.rga. ~n . compa.rison with elactrolytoa, 
b'lit as<.no cba.nga. oocurs in the. U.l}Uid metal with the paesSBe 
of the curr~nt1< :it in still in· the· first. named olaaa. Once 
in tho liqt;.id. eta.ta,, its previous hiatoey can have no influ-
ence on its conducting propert1G$• and th.is along with the 
fact tbat.emotly·simil&rcondithoneoan bo oasily roproduoed 
simplifies· sommvha.t tho study of tha conducting ·proportios 'of 
llquid·metals. 

From the optical data of c.v .Xent, Physical Reviow,11.s •• 
Vol. XIV ,Ho. 6,Deoember 1919, it tvould seam that tho number 
ot free olootrona and the fraquanoy of electron impact both 
vary l1nea.rlyw1th the atomic aonoantration in the alloys 
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1nvest1gatocl in: ·Which no compounds a.re form.ad. The following 
work is an attempt to apply · Drude' a froa electron thoocy of 
conduotlon ·to. a 11,qttld alloy of maroury ruid tln, andto com-
pare the roaulta with those i11 tho article cited. 

!I. DllUDES ~'liEOnY OF OONDUOTIOl't t • Tho ourront carriers 
a.re oonalderad tc> be fre.e.· electrons of charge o · and toaaa m 
moving With a meAn ve1ooity .· v in 1ntar atomic spacos.· Their 

-dx~ift jn. the dll'ect.ion of the field . . 14l . oonstltutas tho cur-
·re.f!~ :· ··· ·This .~!ft . velocity 1a "tory small, howaver9 and is as-
·sv.med neglit11bl~ in oomparison with ·v. Tho e.varago time be-
tween impacts of a, free oloctl.'90ll and an a.tom ie t. ; -· · . 

Under a field g tha el.aatrons aro a.ocelerotod ·with · o. 
:toroo Ee a.na.. thei~ a.cqo1eration botwaol'l im.Paots is 

n . . ..·.·.t··· ·.ore. e · .. · .Ea ~. =· ' ' •' ' · .. · = .,..,...... 
:ma.as" m·" 

~he veloo~tu !J<lqut1ed ln,-timEi t ·~h~n ie 
· Ea u. = ·at == r. t, and the averaee drift velocity is 

. ....... . . ··; · . 'Ee 
~=12u= ·2iii•t• 

Thi.a drift velocity- is supposed on tho a.verago to bo lost on 
oaoh b?ipaot. · 

With · N fre$· eloQtrons per cubic oontlmetar the current 
d~s1ty 1e the tote+ qUant1-ty per cm times its mean velooit1,or 

..;..., . . Ea · . .,_ Ne~Et 
Neu,='. Na~ t . = · 2zn 

I? we let R represent.•thereslst1vity of the conductor, 
and 1 the current d(;)pt;;ity, 

R.,. -I- =fikt =-s~t 
. 2m -.· 

Beplacing t, tho avere[:;(!) time between impacts-, by ~ 

wh~ra ;v is . the number of impa.ots per socond· par electron \va 
rray wr1 to ·· · 

R = 2mW 
~· · expressed a.a 

O= ~ 2mW 

or tho oonduotivity may be similarly 

• lUohardnon,The Electron '.rheoey of Matter, p 409. 
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III .. DlWDE'S 'l'lmORY APPLIIm TO LIQUID ALLOYS: 

A. Allora 1n which no compounds are fomod. on this basis 
· U' \VO asmune a s1ln,plo m!Xtu.ra of. two liquid metals ot N0 and 

1:11. free electrons per centimeter cube, and corroaponding im-
pa.ot fl'Gquenolos W0 and . W1 . ):'espeativoly, we nay express tho 
numbel' of free .eleot:ronn in the tn1xtura a.s 

N0 ·.·~ !0 f~i·-..• G} ew1 • 

in which ff . ~e th.a·· \t(Jl1.ltaetrie 161Latomo .. percent of the second 
metal. Tit~ . ~.rqp~t trtqu.enoies ?Da':f. ba exr>reoaed. similarly as 

W& ~ Wql1 · . .._ 9). + 9W1 , . 

and the ~es!.13.tlfl·t:r ot tho Ml.01 ·ma:; then be expressed. as 

and 

constants. 

lL m 2,nt~~ := ~· Wg fl •• .-. 9) .+ W19 fl) 
-'11 e,.E'e. · f ~. B0 fl. ... ·e )· ~+ ·::R1e 

wo·- w1 
Wo • 

in which n0 • w , and n , are (2) · 

!!oroovor thla oquat!.on my ba shown to boa reotangu.la.r 
hyperbola betweett,. ~ • and . R6 • Writing the general form tor 
tho oqll$t1on ot A reotangular hn>erb.ola, using e ., and Re , 
\VO have 

(~ + A} (9 +· B) <-· c2 
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or 
DJ:d.d.~ng by » 

i11o~ + ll& +tt +A ... ~2 = 0 

Ol~lllS eqttlJ.t1¢it1 (e) o:e -fr8Dtions we b.ave " 
ne + .1'1.· ·· net • 1?6 ·•• w !?09, ,,, = o 

Whatte tt~ . ()qua;~tons ~e setln to be of th& same torrn eild 
$qnat~ t~(\l ttP>e~#1~ienttJ~we ·!lave 

·!)' ... #> i: ; . + wt\, *' ~ 1t and "'" llQ = A ... t 
~herOfO,_.IJ 'ftO?ll ]}ht) (l0%1Ctmtratlon•l'e$1stattOG curve Of an 

al101 we sl10u1<1 b·e able to datermlhe ot . w and n on :tlnd-
- 1.118 tht) . or~sin ·or····. tlie ~erbol.a $J1d .. the vain.es of tho constants 
. A , B 1 . ~d ()~ .. . 

.A stitaigh1r · 1tn~ reletionah:tp ·~· be had. from (2) as fol-
lpv1ih · 

fl. + ilol :a, = Bo fl + \ftlJ 
n~. · .·· .•. + iJ- .!1& = .. R··.>+ n. w~ ·· -~ ' ~ ' 0 Q . 

:a.0 ... n9 ·_·¢ . n.8n& ·~. n0w; 

i=> ...... n ~ . 'O 
_-o-...-_.ff =- ~&~ '· n 0w ··· · ~\ ."> · ·.· (3) 

'l!liie &qi1at*Plt l'e.Pl-'&l!eritp " l~i'lear zoe).&iio11shlp between ~ ; lle 
aa- c_~e ~rie.bl·~ and . Be ·a tho other. The elope ot·_ the line ls 

.4 (no ... Re) 
.- ·El .···· ·· · = n 

' d;:llj- ,; ·· .. .... · .~ 

?/~th no .cllmlGa ··itl the constants w and n this relationship 
should }lo1~~ , ·~ : ·. . . . .. .. , ..• . .· . _ .. .•·. . . . R . ~ R 

The litteroapt of ,the straight line o~. ,~ho : p 9 . _a axis ._ 

is · "'."' R0w. Both w and n , can therefore be found and 
equat$on · {3) -£Jh0uld. be a, test fo~ 1;ha presence of a compound 

I '' • ' · ~: ~ 



or en'i ·obS.nsa ·fn w ot ·n· 
·ti . Q ia .··eXi>rG&Q(ict·.111 percant, Ro .. ·:a&. will . be 100 • ·9 . .. 

times smaller. ~G equation will :et11l bold• however, if w . and · . tl at-Q CO~?'.G$p0rldingly the rela~iVO change in \'if, and 
N9 rosp~otlv'l.9' fOJ' ··; c;tbatlge in concentration of OrJG percent, 

· ·. s1noe R.e11. ~ ~b\f . · i~S likawise· •.. 100 tim~s small~· Slm1larl7, 
· a.nN: .other .unit ·· ndgh, ,be choeen :·for Q ·and tho aquation still 
hold if.-·· w ·and '")1··.-':aJ.'E) tl1e ~ela.tive changee for this amount. • 

- . -,-··:.,-..."' . , 
.''. ·' . 

· ·.· .. · . ~ : 11,·- 9(}11POmri>s ·;·•·:·-, _v.'hab. 8-. compound ~a; ' for!rleci, N1 and w1 . ma.,. .now .repr&ssnt :the fl"&.~·ttlectrons and froqnenoy ot impact 
of the ooml)t;iund• :e'"'- .: ho'W0ver,, , tho ·atomic concontra.tion of the 

·,. or~g~>colnpori&~ta,,, could not represent the ooncent:;'B.tion ot 
ths conw<>una• Safi uauall;.r considered. · !l?he ooncontration of the 

. . ~compontld . expre~sea. in ·t,ermt:t . o~ the original components would ·de-
Pand . "n th~ · nu1t'b~t.t ot .atollU). of ~~ Of tho components uniting 
to form thtf nmf mo:teoul.e. · · 

I.f •. ·.however, : the e$(.lontl. compon$nt. metely robbed tha··f1rot, 
. or caused .!.t 'tp give up mo2,'& free eloctrons . above the number 

· fomt41!i t,he or1g1nel .cotllJ]Qnents. than . soma .abrupt change 
:- .might be tou,n4 e;t some Q.ef1nite concontra.tion, and a new n2 · · would appear which wottld be the ·:tree electrons . of the aea-

ond. original qom»onant.: · · · · 
. .. . · - -- - .. .. - ' 

Thus if Q; .· l.•ttmdns the atomio concentration of. the orls-
illal. coinpc>nsnte~ a.'1Jthing. othGr · than a simple ~tion . ot ·elec-
tron aens11~l.e~ stl()ttld .$}10w a obatlgt) in the slope of the lino 
repre~GI).ted by · f'qu&'fiion (3} • · · 

lV, fml Pf.JJ3pQSI.f O~ · !l!IS. :WORK was to detGrmlnt exp~iniCntal.l~ 
the l-e$ilnttv~tle• o! allo~ . ot ttn and raercuey at various oon-
tra.tlon• .·and t.~ei-aturee ··&.114· With the data, · 

. . (&.) • ~tJ1Jp•/ .GQ:"-~t1ona ·. (2) and {3) .for PoBD1 blo Obangee 
1n. w .. 4-~tl .n, Ol' po~eibJ..e eoinpolJ!ldSt l:llld. 

• 'lb.is ~raphi~l motho<\.·of tenting the hypothesis is due c. V.Xont. 
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G---..... ~==:!!::t=:=:::!:::t===\'--~ 

D----.a;.1 HJ 

a __ -'~ 

A. <l11st . ~ron pipe·, 5 !n. d!.am. x 14 in. and cap 
B. Outer ah9at ire~ oon.te.inoi- end asbestos pad. 
O • .. Aab.esto.s packing~ · 
D. llhid~ pdsta and has.ting element of turnaca. 
~. P~.ex . tube for a]iloy. 
F • P:J.atlnum :thernK)meter. 
G. ~r~s_1to, ox- ,asbt)stos bo~ _cov?r• . 



fhe ~ca, lf1gure lJ oons1bted of a pieoe of 5 inch 
cast .1r()n pipe, ·Jacket~ w1t4 asbestos wool and an outer case 
of sheat . tron, th$• whole resting on an . asbestos pad. · A heat-
ing elaniant .. ot Bo.18 n!~ewire was.wound on a sheet iron 
cylinder, .!.na~tsd. wi~ asbestos'* lt fit snugly. w1 thin the 
heavy iron pipe. 

~.e oont~ner. tor t:ue n qald e.1101 was a pyralt tube of 
ab?ttt . 70 om. l~h* bent ~to a u sbAp~. The and.S· were 
sl!ghtl.~ fl.area. tor eane !n ~1111ng, and to support tlla tuba 
in tha ~C&if .. It v;aa .... ~ mm 1;ub%ng• (outo1de) with about 
1 :min walls t · leaving a 7 • mt?i. bora• 

. A platiblltn ~$11\tanoa .tharmotiGter was set well down 1n 
the center of tho ~oe* ·: 

The. top ()f the h(te.t$1fconsieted. of' two places of tran• 
s!t~. OP . asb$nto~. board• separating ·easily to allow the py-
rax ·tube to 'b$ J.'t.1moved 

~m?ERATtnm · rmt'u\.S~m_ .. _. ----1..--------~·---. 
~he plat!n'Qm E 

therz®meter ••. ~lGU1~ti· 
ha.d.·.1Jhrea. l.eads,of1e 
tor ~clt .. arrJl ~1(1 ...•..... · 
one tor.the .. gal~m&te· •• ,,. 
Any c~t:l. then. 'in . 
the·therA'!Olnetar•leact.s 
'vae ~l!lred eq~llt .• -
bi]' thQ tWo •• arms. ot the 
bridge. > AV1th a one < •. 
to onG fs.t1.o . in A •. and · 
Bt .. e.t11 eb~go · .111 .. the 
reaiatanct1.· of•-the tl1e1'• 
mame17or '0011 · on11···wa.s 
@Pttratelf 'moasae<t by· tl>.e. ~ue 
of! .ll noeded .·to balance the brlage. 

K 

In order tha.t. veru small changes -. ?t. ElGment. 
of •. resistance~•· be aocur~toly. deter... 
1$tad• .th~. i-es1ate,nce R was nade 

· up .. ot'''(;wo" ·stzUtdal'd.boxes. in.para11~ 
el, one whose resistance was. always' , ... ·. . .. 
sU.gb.t+~ great~ the..tl that of the thormomet·~:r. and varied in 
steps. ot: · 0.1. Ollmt '.f;he."othor of 200 to 999 ohms, varying 
by- Sil,181.e ohma•: ·. ~lle low ~aaista.noe ·was· an Otto Wolf ,l3arl1nt 
atandard. of. srea.t· accuracy.,·. (No.5149) .. Tho other was· a threa,. 
dial.· 1'9&4.s and .liorth1q, b0x9 (!io.26016). Thss(Jttins on 
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tll!s highOI' r,esistanqe was. uaual.1r 1n the Ordm~ of 250 • 6oo 
Ohll1tJ• . As. a oba.llge ot· one ohm VJSS no.ticoable 1n balancing; . 
it was ;possible t~ determine. the rasiata.noe of the thermom-
eter to ·v:1th1n about ·O-.OC>:t ohmt ~hen ~eaeuring 20 ohms. 

· .20x201 .. 20x~o~ R1 ~<R2.• ~· •··. •· ..i. ... • ~ • .• ~ · .P~• = 0.001 ohm. 20 ' ·501 20 ·~«·500 

~he·.:re.tio coils ·war'.fl°:rUbp),dOtto. Wolf,Dar11n rooistancaa, 
and were used io to 10, as the. platimw element was about 
10 Oli:ma«t 

!Pl10 galvan()matar ·GS a L• and 11, . instrument of 525 ohms 
res1stance,. and a s<nt$1t1v1ty of 2241 mehOlmls. (no .3936) 

RSS!S~~tiOM Gr .l$.ItLOY 1 .. To determine this low rosista.noo ao-
cu:rately, a Xolv!n. bl.•1ctge v.ias used.• 1n .\vhioh the standard ro-
s1.stanqe · e.hanSed •• ot $ high. rath~r than a 10\1 value. Tho 
tllSS1'G.1J1 ®\\ tll.Ool.1' . of tlle K.el vin bridge follows ; 

6 volts _______ ic_y, __ 

---s-tt~~~ 
Whe .arms of .th$ bridge aro u, N, x + ~1 , and P +~ , 

. . . .· . m+a.1 . n-t"S2 
With• tha .bridga '1.)al.auoe(\ we ma.1 assume .. some point. c1 . on the 
hea.~. ooWlector a1a.2 to be at the same potontial as c, and 

that.. r.t{t ll ·~· ·i + J:i f p + n+~ • 

As . o and cl ~e. at the same potential, 



x + J ,m . re,., ' .= ..... . mta1 '.I. 

-p .. ~ .... : ,;~~r ~a.2 - --: · -
x =, * (l> + m~a~e1l2> .. . ;31• e.1 

~· f'n!1111182 .- ;a~t 

. • -_ . 
!P···· .. { ~· .l n - · .!l.;r · 

= · N .. · mta1 _ -.1r .·• a2·.,, , .. -. 

· nr 
Subatitut~ . n _: _ fo,.. . its equal 

x · M < · ma.... ·. M . m -P + ~ (--- --} ll > m+ai . l:L n · 

If '. . -·therefore tha· ratio of Mjr.t 
t1le 1.1ecol1d. tarm :vantshetl · amf 

- \. - .. M- -
·· ~ . =: . if~ . · 

-· ... ··: ,··, : .. ,_ ··--·: . . : ; 

and. m/n is tha se.mo, 

-.. _-~ ·l{oa.Pil'l8 t:fle; Valu~s ot ~ ll, m, n, relatively large, tho 
ree!stanca of .t.h()i,~ .external ·connectiono 1ntroduoe·· no appra-
c~able error,-.. $1.le tlle curront loads ~o the low rosietancea, 
P ~ and .x, .lio ont_irely_ outsido tho points betwooa whioh re-
o1stanoos are , to· be' moo.sured. · 

... ·· :. fhe br1<1eo c6nnootions to tho alloy were of oonaider-
*-blo $mportance. In order to avoid posa1b19/ contamination 
of: tho al.lo,- by the loads9 the current was load into the 
mercury· thr()ugh J.a.reo 1rrin wirea which did not -amalgamate 

-- with t}le ~ moroury. ·· Plat!m:ml .. wiros 'Wore.- found ,noocssary· 
. "for 1;l1e. potantiat· leUdtl .to .secure-corialstont . resulto. Small 

-·-_ ·. platini.m1wiro ·t1ps ware .welded. to the endS of the ooppor 
las.do . which terminated w1 thin a flmall oap1llar:r glass tube. 
(Seo figure} ~o :Potential connection was therefore at the 
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tip . of ·.the eapll~ tube ... ~. Thia tube .. V16S·. always i~:lxed oar-
full~ 1ti thQ S$J1& pos1 tion" not .~ more tllan o. 2 mn 
:i?rorn i;M same ;p's!. ts.on~ 

· · :ou:teron.,~.: :Jmterlal.$ usaa. for the tip 
of tb.• copper ··w,t,_.tt g~vt! . ~,,.~~ing.- o.r.,e 
;~;f::i~ff=~:"th!i~1:!9 ~& ,------ i 
D.flC(Js .. u and · ~ : · w~<J qtlite larga, ' 
lOOO • -~~ fJ.nd ~ra, ·th~ z.emu:tl\J ~ ; 
we~e "ftJ't3 ·· J%10~11i:Jis~el1t ·•· .. Copp~,_. s . 1, . • ,~, 
tips gave good reet.1lte1 :ns W.d. . E.-/7 , 
plat1ntan1 btd1 .tb.~ · lat~er wae · 
(Jl10s$!1 to a?O~<l eJ11 possiblG · ·~-pt. 
1tl11?1U;ilt3i'' \VlllO~ m1gllt .• . oome . 
trom"~~{l · ~(lf)pPGri::\Qti~ta.ct . resist• 
~..nee J:n$1.Jlt.l.ve· 'be~zi ;:iih~ .4it:t!eu1tr 
w:1:r;11 . ·Wt~.·· !rott• · · 

.. ·xro . ~1°1Juh1e .. ~ .Pifft.G:toeci. 
wtth~J1~~ .. ~eot~!e torces. A 
v~tat~o~ of ()!lQ qr two. millimet-
er~ liV·t11a ·st.Jr.:> pc).1,11-fJ of th& gal• 

· vano111et~ \\$S l)bsewt;d, but . ;ns · 
ho1t c~~~id(\f~ Of ~~1c.1ent •im-
porten~e tQ ~rt!Ji'ft th~ tnser-- ·· 
ti.on ·of a oount·sr ··. e•mo f• 

-,_ - - ; ' • ·,. ·- - - :, . . . .... : . : .. ~ ·_ ; . .·· 

~he · .• staiiaal'd.• i-e$~$ta.noe · .. t>a.r·. 
of. th~ brldga watl somaw~t woh'li'~; 
S(). · . ·~•.· p0a1t1ve contaot wat\ solo.-. 
~x-ea. · '(;o 1t in pla.Ca ef · ·the· usual 
~l14~f ·'¥1d. tlle two 2.'~tl1dt~aaa 
s a.ml ~ . ·w~~a ~1~~ 1Ztstea.d.• 
~f:r~. ·~~ 4Q~e bt. ?s~~hle; two. 

...__c 

'-'--P 

O.L. Current l~l. 
P.L. Potential load. 
Pt • . Platlnmn t1p. !c.i · · CapUla.ey tube. 
P-. Point o:t potential 

contact. 
s. Snrfaca of alloy. 

, Sl.\PJ.>101nenta.ry · '.r~s~~t~a~ h\. . 
. th~. I>;Q~~t1~~l .1~~\ t .Q .. tl1Et · allo:rc. .. Y..erspi.ng '1:-he sup_plenen~ 
reef.~rln.~c~~ ~qn~~,·:.·~d the low. standard constant~ permitted 
a V$rltt~"°!-1 ;in ·.smalJ. ~4 posf.tivt;J 1n0rements and made pos-
siblt{ a lmtOh gr&at~r .•eau.t-ao~r fihan; could mva bean obtained, 
had•• tho<·~l~~ ·pot,1~~.i; :on• thEi iow ·re$1.stanoa bar been used. 
~$.r;it ~n ~0,0~1r .:Cl;#: ./~119 cl1ff1¢ultU .·in·. reading the soela _t1.1-
v1s101111 · ~t$,t1~~+1 ·o.~9~ef .arut socond.~1 on aacoimt ot worn · 
pl~eo .. ~1ttl1e .. ~r~ ···. · · 

'JJhtt tltt> •Q.d1.tt~h81 'E,ttattdaitcfu: wer$ . 4 dial. Leeds and 
lit)rb~ ·'bQ$a~ • . ; ~~kE)4 ,aga1nst .eac.fu other .and th.a Otto 
\Volt 'l1tAAda.rd.£J ~ the . rss1stancea 1n .. tl1Et 'tp ... 1d.Ge itself. 



~e po~1o%1 qf . ~ht ~ usM we.e . taken as 0.01021 ohm~ ~ 
th~ ~~~~f3t~e ·· ~~ ·tlie ·. 4~lw· ~<t: · · 

. n.···1¥· 9iQto~ I ~. 
: · ! , ' 

:Plt~~tON O:E' ~ ~LUttL: Tb.Qme~()Ul'yWa.S fresh!~ tlistill.-
$0.. ·rfht ti~. ·@~ve4 · tt()m tl1(:1 ®~~ey stock room, . wa' 
h'8bl1 J)lXt'~• . · i.l ~r~~~f) . u$~'.1n e.na;~-tlcal \VOl9k.· . The quant1• 
tl,os .. des~rftl . •• to>t ·a ,g~ye~.·~onc~~rat1ot1 were .. carefully weigh ... 
~ti ·~a. pas.a.~ i~ ~ · ~~·etr; . 1)00lt$t . ~th ti small piece . ot po.ra .. 
f$Jle '~~r . ~1.!t w~ all.oct~tJ.f\111~ p:tevented o:idation of thG 
ai~11 IJ#t~;'> ~;Lt4ns.t: : . . . " 

·. tt!la.~ tr: · fj~pe,,\: 1'M$ was plaoad tn the turnaoe and heat-
·~ · 1iQ a ·:;po~t •<>~'11ert neat ·the 'tiottt1>01'aturo o:t ~a r,~ 
•d allof• · 

.. . . \VJlO!i :~~ i~~!mr~ eil.01 •e tbOroughl:r mixed icy- stlr• 
~~j tb.e, · ptlt~f~~ wa:t ~a .lt;J:ge1u ~~vOd b1 means ot por-· · 
qns ·:pap&r '. f*o~ltng) .,:. ~ t~ l~qii1d allosr J?Qln4ed . tlu:o~ a 
p~~$r ' ~a:~ ~nto . th~ · ~ . :tuw- ·. In thle \vAY the tube was 
~t;i~lv fJt!l.l~ .J!~t1-l ~:r.~ ·a:t1ol, and a.t .. no tima did tho wa: 
~!1~·.t.q · ~~ · ~~ ··.~h~ . 1'~be. or give an.1 ta'Ouble • ...... Itn use as-
stll'~l1··a~~.flfl:~t;~· ; ~n~ant~tiou · : ot .t1Jl., ·.,w1thont .. 1oss. by ox-
1~t:~(.)~~ \vllJ.qh.L~$';·, ·q1'~'-ae qulta troublesome a.t h!gh tsmp-
er~t~e$~ · ; ;:·.~: · · ·· ··· · 

' . I 

EQU~UBRlum ~.~~$ . .lUID •.• RE!!DI?XGS . : W1th the C1lt'awent 
·.l!,nc:l pot®tia,l laa<ls '!.~ plact1 t;he rheostat in series . with 

·t~l. :1~eartezt ~~ 1t$~ ~o allow a ourront ·to flow wh1oh would 
:P~d.UC;e ~ .. •·. smtS:hlc»i·. ·~ ~orn9whBt 11ndo1" the boiling 
p9~n!J pfi 'Jlll.9 ~ll0lti. J{b¢t1t .· 3 ·Or . 4 . llOurs ware required · · 
to g~t:- s. l•Sas()~~ly st~ s~to of .tam,pemture so that 
\vfli· .()Qtiid sate1zt ·:lk~S1lln~ tll.e .~1~o;r ,:azi4 .·th~moter to be.· with ... 
!n tt./ :f:ew t$11t}lS,: f)'!f,_, d%~O$ ·.~t th~ same· ~a1i>arature• .. As 
~-h~ ' ~:tl~ ee.pao1t~ 0,t ·tha":th~meter was . JmlQh.tM snaller. 
~ ()Qnaeq~entllt $lvia1s '.fl.head .~:r· . tl1~ · a.1101 in follo\ling th~ · 
t~ture ·Qf 't;he' .. ~tel1···'· J.~s. •. rf)S1etanca• was read fit-et• 
BQ..tlttt~1~~. VI~:'~ ~lu ~tl .\Vithirt tha sa:na mlnutt, as·· 
4'i' ' *ppro~t~ f),tfJ11SttnE)nt \Va.fl al~rs !Ilad9~~1oua to the 
f~+ · ·~lt.\Jl:O$ anc); ~.~~~µlg~ . 

.. .. 

O!J.LJlttiAT!O:ft OF TllE . .PU.TllTlJM mm~IU:«lMl~rm • :, . The t-esisto.nce of 
· tht. p.~tiump ~ d~~s~~ef.i tor tlµ.'ea tem.peratures, 1os,steam, 



and . the . meltblg .P>lnt ot i;in• . A large qnantitsr of f1nefy 
·crackod ... ~co 'vns usett. ana;·a ... vm.7 ·steadY r~ obtainocl. 
For the.· staa.'11 l}oint. ·a steam ~a.cketad steam chamber at tha 
bat.-omet~~c presaure·Wat.l used, a.rut tha tmu:>eratnro taken 
•from Ka~ and Ia.~'a Chamtcal .i.md P~!cal Constants • 

. A cooling. Ctlr79· .. thrQugn tho . froe:d.11g point of tin was 
obtained, and thO lll1cldl.e of the llorr!zontal resiotanoe-time curve used as the roels+uanoe of the thermometer a.t 232° c •.. 
· .· ··... ~liesa · ~·tht'd:> 'lX>L~s v1aro plo·ttGd on a largo graph of 5 ,inches per 1009 ·.·· .~- l 1n~ par olfl!. and a smooth curvo_ · 
~vm t~ugh them, . ¢ttei1dlng to 400 o. . 

. . . . ·. \ 1.. . . . . 

· . Th.e tin point cheelta!rmthih. tm der;raes with the form-
ul.a,*{OaJ.1endar~s d!fforence formula) · for olulnelng platinum 
therinomote~ r~ to ~hp go.a .scale, namely . 

' t -.pt .- .. tttiio- 1l1~ . 
t."l whicll: .•... •. if "a thtl ga,.ri · thermomet~r tGn1-'ara.ture, d a conota:at, 
approxlnw.tel~Y 1 .. 5 for.~pura plat1num,· pt. t.lle platinum tooi,p-
eraturo ·from 

.. pt . _;: loO ~ .:·. -~ .. 
. . l . :0 

in ·Vlnlch R ·. = .iQG 1·&~letan.ca, t?i = steam rosieta.noe. an~ 
r1' = a.llY oiher resbtence. 

' 
• ·. G.1t1.o~lr.Syo and S:~l!.leby, P.b~1oal a.nd. Cliamioa1 Constants, 
fotf.rth _ editlo11 . .,pas.-e-lp. · .· · · 

Com_p(]sitlon Platinum. Bes. fr· wt. % · J:..t. - r · x .r' olitM 
Kelvin B1~1ase 
u/n AlloyR. 

l•'Z4Q 
i.608 
1~'453 

-.01885 
.01724 
·0·1570 
.-OJ.40Cl 

.0188o 

.01795 

.01570_ 

.01570 

.01513· 
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Coqtos!t1on .·, ··Platittam-Res.-: ·· . .. · · fanp. XGlvin · Br:ldBa 
~· 1 1'rh. ~ilt. . ~.· xr-' Obms, · ?l/!f AlleyR. 

100 100 ' 25%'18o .· 24-23 . 510 ·.r- -- . ..... 008o1·. a.~8 20.50 '357 . -· • :; _. .00748 
17~5%?56 . 17.-10 ?47·5 . :. •' . 15 .oo66o 



o.~o · 
1 .• 66 
2•5 
4•25 

lg=~ 
29~6 
50~0 

Pf~·· fn .Sn .. 

·.o.o 
,tr 
·50.0. 

Z4!: 
91-8;' 

. 9ji''(5 

· ~ 
100. 

~-

il;. 
·.1513,. 

1~· 
1100 
10~ 
·942 
§50 
802 761 

* ~polated.-. 
x.10~·· 

iL 
187.4 
L.12•3 
123.5 
110.7. 

" . -5 x 10 

Con:rJO'OTmfi O!t Aw:>Y 30oo c •. 

x io-5 

.l?oferred. to pui. .... <J. ·tnero~ ' Referred to pm•e t1ri 
·. "1· Sn. ~~~~cl OoiiWJ.oI;ivity % Hg~tom. _Oonduct~vity 



_1"'. 

.. • I 

i m 
I 
l 

4 1---i,_¥"::'--~~-------~ Q 

J 

'. ;' ····. ~ea Pt:>¥ts 1#. ~ on a roe~ h;9perbola 'if th~· d.1as-
,i)~1?i ct .the ~ct~la$ formed on tha po.tnts. s1d~a lr>ara.llel, 
~~~~*1®1J .$tl. .~·· . c~n • .. ~W.t• . : · 

. . • ~t ~.. ~-<~ ~ b~ tilll l?~iutll• .. COh!lt1'110t:\tllGl$i'tJOtall• 
g~elJ ·.~~t .. emqb., . · :~ ·~o~ · ... »raw. the disgo~:l,s .pg ... and·.mltt 
l:\l1f!. . l~1 ~*~ :ln.~~1Jegt (lt o. ~erJd. · ap ~p ~··· ' fll\d · n, gb 
to f · 'el1d. ?:!lt and. ~'- ·tg <~d1. ete:1t . . · 

. , : !ltf)·. ~eat~1·~;/~~~ , ~ ~s~.eot4µ!g1e ··· otbJ• .. tor·· 
1_ -: •• . • · • ·; • • - : ~- : • : - - _. • ·. ' • • • • ' ' ., •• - - : • - • - • ' ' ., 

' . 

nut th$ tr1ansl;e~ .·be~ng· eq$:t. as itld.!catecl a.'bQva, the root• 
. tuJS'los .~~ als~ eqt11.1.l _. · ·, · 
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.. · .&. "ti.mt~ ~e>t holtl.a fo~ 1'aC:tang1$iJ Ofbj and. Qdol• As , 
tn, ·~· fJt eao~rOQ.tansl~ .ts tho pi-oduct. ot the .:c and y val• 11•• ·ot - tll~· pc>1J1.t .Jt ('qnte.1t1a• ,~ ~·· oonsta.nt fOr ~h point• 
mr~~' ~ ~&gonal of _e. .· thi;'d rootangle, anch1 ·rtm:3 be · 
~Wl:J.. ~ lt\t~s~t;: ·at tho seine po~t. o. ·· · 

,. , .• _.~ -)\~~~s O$lll ~· bl$eetoa ~- on-~ . h. is thG tnter-
~11~on ,_o:e --reot., :o.m11 ·~ :r.-ect•· O@l ana Uos on the dtagon• 

. ·14 0~ t :for t!t1btractf.nS' .. ab-oady proven , eqi1S.ll1 OoahQ from the 
t1!\• Oen,. ~ O~()lO .frQnt tri. On11~ves oqt'?Al renaindar~. 
*.rh'.'if! 'beiflg the :as•, the l!ne .hn· mtlG'b biseot reet. llano and. 
b~ ·!,ts d5A<£Omtl•· 

•, ' -: . 

Tb.is t~et · Wa.a applied to a pc>:rt ion of .thtt ooncentro.tion .. 
cot;iductiv!ty curve, pL~te I!!. A faw points batwoon 5 a.nd 
~-61' · were used. to locate tho oommon point of intersection 
of t;h~ cU.agonals• 11irom. ~his point• other points on n oon-
ntri.ioted hyparbola were obtained~ .nnd. placed on tho graph. 
In ~-vocy case thG ·points cy oonatruot1on lay on; or. very 
tilo~e to< th() ·~'U?'VO d~vm from tho actual data; falling "sl1Ght• 
1y insida· t\t the :lowai- oonoentnl,t!ons; probably w1 th~ the 
1~1HI ,of error to~ tho· l~w concentrations. 

~?'om 0 ~· 29.6 % .sn., than. tho oonoantra.t1on~oonduot­
ivit;t t;mrve sa.tisfias acrv.a.t1on (2) 1n tha oonduot1v1ti form 

· · ... i + n& 
Ce = 00. .· · . ( 2' ) 

' . . ' -~ l)) f> . ~ 
•' / 1 . . • ' 

. . . Front 29116 to:·,'100 ~ Sn. ,t11e curve ia pra.atloaliy a 
.. ~1i:r~t ., +1no. · J.>.le.ta II • . ·Whilett ls oonce1vable that both 
~ .'~4 w .:slt0lll\i both VaJ.7 to produce .this · offeot, it is 
maol.i ~lmpler to .4f1Gttm$ •. w = O :f'or this. part of . tho line,1. e •. 
·aqua;tion (2') bl'!com~~ · a. t.ttraight line when . w·= o. At 29.6 

· ~n.,.~han; tJ1e .lmpaet. · · f~Gqi1~oy ·no lol1€er changes with the 
oont1on~rat1on, t\l'ld Vlf_ ,; tne itrqlaet f:roquoncy of the 29.6 

· o.lloy_: .~s the same as for Pure tin~ · · 
' ' / ;::.,: -: .- . ' ' : .. ' .. ' . 

l?lttte. lV~ ~,A ; -tdmtlal' ourve ,plotted frOm the tin end ... , 
ShQWel .tllo fJDJ!Q gen:eral OtlrVS'tur(), W constant, or nearl~ GC) 
at con~antratiol}s .:~~ maroury up tq 70.4 %1 then incrG!i.sing 
rt.\!}idly 1;o 10() .%' :'Mg . .. · . . 

. .... ' . _ ' . , - ~-- - . ·_- _. - ; ' ' ..... •. . ... ; ' . . 

.: ·: .. ::·.· •. :,- ~l!Atf3 ,5. ' _ !t':1$·: ~~e!stanea4 . bi :wotght ..... curve was construct-
~: to ~onrpar~· .:,;7~ th_ ,:s!ndlar curves OA. pago 399 of F.rous' Prop-
_elftiea of '.Electriet~l' Conduot;tng ·s~.tems, and Graotzt lla.ndbuoh 
cl&~ El~kt?'lziti1t . ll!ld daQ JJT.a.gnet1~s,.page fJj2. Thea~ latter, 
were for 200° 0 }?-o~eve~,··while tho graph included is for 300° 
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. / '·The straight llne relationship . of equation {3) .· express-
el). .. in. ··curves ·~·-. t)nd · Il, pl.e.to VI also · lnd!ca.te a def'lni to· 
cbange in. the values of. the constants w. and . n. · Curve I de-
parts ·:ri-om the straight portion .at. or near, . 29.6 ,~ sn.,and 

. the ~ same<point,;·.70-4 ~ IIg.9?-eckoned from the t1n end,lles 
on · the 1.mort s.traight portion o - 70 'fa• i'his point ls then 
comnon ·.to both lines. ' · · · 

·.···--_,- -
•_, ··.- . - · __ . -. - f-' ·• c. 

. :we can examine cll3ngas in w . ·and tt · vary resd11~ from 
-these·;. curves. · ~G 1ntero9pt of the portion of: tho ourv" . 
in whioh · w and · n art"> constant ·is - R0w -. From ourvo 
I the illtare~t is estimated to ~e 

- i&jo .+310=- i34o 
B0 = .01832_. .· 

· . l~Jl - lo-A . . · ··.. .. 
·:.· . w = : '. .o18~ . .. . i = ~ or .0731_ .to;.rt)~ 

Foi- ?9-6 ~ . 29.6 x .• 0731 .= 2.1(), or W29 •. 6 = . 3.1~ WO 

.DGiQnd this point. rookoneci' ~m tlia pura till ond• 
curve ll., w- ·~ f<>m1duto · be nearly ~ero. ~he intercept ls 
at ... 40 Jt; 10 r;; • · n0 . = .00725., and . . ·. ... . . 

. w ..... : .roq~;~-5 = f &552 or .ixi0552 for l ~-
Por: 70.4 %Bti. ~ . ?0.4 x .000552 ' · = .0388 total . fre.otio~ 
change . 1n w. · · 

. ·-~ .. ~his . value: · 1.s positive· reckon~ from ·the tin end11·.1e 
~e · ~ct ftequancy is increasing with add1 tion · ot Bg. 
~"i-om · 29.6 to 100 % ·Sn. ~howave1•, it is deorea.alng instead, . 
but .voey sU.ghtl~. In eithor case it -is nearly- zero. · 

1/ 

~itl agrees: ve17 wall with · the - ~orbola wltloh indi-
cat~{l. a zero :· value > for . w 1' ~he ~mctloruu ollange in im-
pact : frequency abov(!) 29.6 ~ Sn. . . · -. .. · . 

· . .. - - - . . ,··· -

' _- . · - · , . -. . ' - . 

· .. !nte slo:pe• rt, rilprasenting the ohango in frao elec-
~rt)n ·<J.ensity .. is, for the '. o - 29.6. % Sn. portion of tha 
<JurVa_ t~J .. ·r· / . . · _ .. ··· . · 

· · · ·/339: ·~).0-4 · =16.5 or for l ~. ·19· .165 
.' >: c ~~ - ~002 · · ·:?" · . ... . . . . ··.Y 

: 29.() ·;~ .16j := ·4 .. 83 or·· ~9.6 - 5.83 n0 
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Thera~or~. .· ti. · . ls dooroe.sing from the . tin 011d . • 243 ot J.~e 
Pu.t~; ~.!n v~u~• <F:rom 29.6 ..., 100 Sn 1 t is tnoressing. 

ii ·' ~f and !&J both 1iillr$sa rap:l.d17 at fil,'llt, n tho ~re · 
so, ho,wevar, oauf)lng a. :rapid rise in. ths conductillg propar-
ty· · QJf , 

\ ': 
O . r . 

... 29.0 . =· i.855 
Co 

Thia 9heckS veY!:"'J ·Olosoly ·wtth the .· apooi:fic-conduotance curvo. 
. - - . . 

. . . . ; - . 

l:"'rom 29.Gfo . 'll continues to riset but loss rapidly. Im-
pact f~equonoy. ·ramaine constant as w is appro:dmatelt zero. 

Curves dtawn through .the . points for . 200° and 400° o 
·have tho came· siope att tha one for 300° c. From this it 
may b:{) _d~duced •. n <is constant, .and on~ w, or ~a.est 
froquencY. cllangaa with rise in tomporatnro • . As w . alone 
91W1Ges ·with .;1ncrease· :in .tettt.t>araturet ·.·· and tile rosiatanoa 
9hangea 11kew1se1 tha ter:'X!>orature . ooeff1clent for w and 



B EJliPttlcl.. be the asnl~h Berth f.ld.e · lin~r. 

Plottlns .th& . tesJ.stanoe~temperature coeftioient .aga1nst 
&, tt !& $eett ·to bta var, sxtt\ll and practioalli constant -over 
~t ~e ·whero : ·.·tt · ~s v<.rey ~11, o?- zero. 

' . 
· ... · .. ·. 1'he meltlrig po!n1) etirva ot merom.·~r tin alloys 1n to.ndolt, 
~6l41)$te1n .Ph~!ca.l Chom1etry ·tablos,3r(\ od~tion, 1905, shows 
o. VGrlr ra.pid r:tse ·in. the· small parcent of tin, 'vith a d.ip · 1n 
the curve ~t 20 % bY" vro!ght• . This is 29.6% atomic• Undoubt-
00.ly so1!l9 abrnpt ·. c~e. in w .$nd. . n . mt.tat take pl.o.Oe a.t 
th1• 1101nt ',wi~h the change in tts :peyeical prt>partias • . 

·. At the v~ ~13.ooncantratfon Of 0.2 % Sn •. by .\VSlgllt 
q.lso • . a ·Qhange .. is lndlaa,tQd. .Wh1le .. pome &\ta wa.a to.ken near· 
this paint• it was not considerod sufficiently Motu•ato t~ 
u~e· ~he )!teaistQl.100 ot 'the ptirtl m~rcuey was uaad. for R0 and 
tbJ.$ . ma1~l'Jave intrQducod some : e~r~v ift tho results • .. Its off.. 
fact. ~ti ·PE)Vba.ps neglible when usitig tha larger valuoa of 9.f 
It 1'8 pQssiblo tb.~s point might be investigated from the 
t~ 'f)nd;. ' 

; ' ~ 

COlTOLUSIOJ!fS 

4 . iha ··. ~eo1~t~oe ot marbi~J tin;'. a11cn1s has. boon fJr.:por-
!mogtaJ.ly datamined for varying concentrations from 2000 to 
400 o, . ' ' ~ ' ' ' ' ' 

2,h wn.e··· re£Jist1J.nee ~t a givan 1,HJtttr,>ers.tura is of . the toni 

.lt~ ~ 1'10 i ~ wQ wna?ta w and n ~e oons~1~s havJ.ns one 
·set Of . •·••. ·. 1r9 values batwean Ot2 ?' end. 2~.6% tin, and 
~othar .sat ot· value$ batwe~ g~.6 1U1c.i lOO %t1n . 

'3• fl is, ·irtdap~<lent of tempora.tura. w va>.•ioa linaar• 
ly with the t01J1Pera.turo·· 

. ·, , · ... . ' 

:: . A•· Tll.e . tin.ta. are. consistent with tho nintJle olootron 
thoo~ of reslste.no$ .devoloped by' n~an, with th& oxcoption 
Of his asstunptione ·~· to temperattiro. 

In conolttding this ~9.POrt the writer wisl1ao ·. to ex-
press his ~hanlal to Dr• c .v.1rent tor his constant inte:i:-ent 
~· ~sEJ.1stanee ·J.n tha .vrork,. and :to Dr. F.E.Kester and sta.tt 
• fQit ·ass1ste.uce .in secul"ing thG ·nea~aea.ey apparatus and 
supplies. · · . · . · . :.. . . 
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