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RESISTIVITY OF IMGRCURY-TIN ALIOYS

INTRODUCTION : The way in which & quantity of electricily s
passed along & conductor or through a medium appears to differ
- with the medium. In one c¢lass of conductors, motals, carbon,
attey no changoe in the conductor is found other than a rise in
tampamtum. : -

' In fmotuar ﬁl&sa, namoly elect:rolyma, the carren‘c is car-
’ rie:i by tho dissociated parts, or lons, of the acid, vase, or
salt, tho positively charged ions migrating in the direction
- of the positive current, and tho negatively cherged lons in
the cpgosi*ha direction. [That is, thore are two oppositoly
. charged stroams of particles, treveling in opposito directions.
This results in changos in concentration of the electrolyte
about t:he points where: the cnrrant entera anﬁ leaves,

In gases o still ﬂii’femnt mechs.nmm of conduction appoars

.. %o oxist. 4 free electron moving in an electric field acquires

sufficient velocity to freo other olectrons on impact with a
gas atom. = This repcated, soon results in a large number of
frae. electrons, which drifg;ing ‘in the direction of the fiold,
constitute a naga‘bive curmnt, while the' slower, heavier posi-

. tive atome moving in the opposite direction, constituts o pos-

itive curronts 4 short time after the field is removed, the
£as mgains ita non. conducting properties.

 Vhen a meatal pasuss into the. liquid state, its conducting
propertiss chango considemblyg - Its resistivity is increasod,
and its. tenperature—-reeistance coofficiont is very small 4n -
- comparison with the coafficiant for the solid state, Its con-
ductivity is still vory large in comparison with elactrolytos,
 but 88 no change occurs in the liguid metal with the passage
of the current, it ip still in the first named class. Once
in the 1iquid statey its provious history can have no influ-
once on its conducting properties, and this along with the
fact that eznctly similer condithons can be easily reproduced
simplifiesn somewhat t:he study of the conﬁucting proyorties of
liguid metals.

~ From the optical data of C.V.Kan‘b, Physical Reviuw,n.s.,
Vol., X1V,No. §,December 1919, it would secm that the number
of freo olectrons and the f£roquency of electron impact both
vary linearly with the atomic concentration in the alloys
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investigated in which no compounds are formed. The following
work 1s an attempt to apply Drude's froe electron theory of
conductlon to a 1iauid alloy of mercury and tin, andto ocom~
pars the reaulta with those in tho article cited.

IZ. DRUDES THREORY OF CONDUCTION : * The curront carriers
are considered to bo free oloctrons of charge o and mass m
moving with a mean velocity v in intor atomic spacos. Their
drift in the direction of the field ® constitutos tho cur-
ront. This drift velocity 1s very small, however, and is ag=
‘somed neglisible in comparison with v. Tho average time be-
tvvaenp_kimpw{:s of a freo elect:‘om and an atom ia te :

Under a field T tho elactrons are sccelerated with s
force e an& their accoloration between impacts is

a # force > ?‘?a
: . masa m

The valocii:y acquireﬁ in tima t  then is

q = at = g‘-;- ¢ 5, and the aversge drift velooity is
E‘* 1/2'?1 == %?‘ » be
This drift valocity is Bu;;pased on the average to be lost on
each imps.c‘c« :
i‘bh il free alec‘brons per cublc conbimster tha current

density is the total quan‘&i‘by por em times its mean velocity,or

Ne"Et
2m

I? wo 1ot R rapreaani: the rosistivity of the conductor,
end 1 the current density,

E’euﬁﬁe ﬁ‘b’

B __B®_ Zm .
R= ¢ = Mo =t m; Ee"t
- em -

Replacing t, the average time betwoeen ﬁ@a.cta, by W

where W 1s tho number of impaots per aacond por electron we
may write ' E

2w

fae* OF the conductivity may be similarly

Roe

expressed as
fie™

0==--—-

2
* Richardson,The Eloctron Theory of Hatter, p 409.
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III. DRUDE'S THEORY APPLIED 170 LIQUID ALLOYS:

4, Alloys in which no compounds are formeds On this basis
'1f we assume & simple mixturo of two liquid metals of F, and
Iy f£reo electrons per centimeter cube, and corrasponding im-
pact frequencies W, and W3 respectively, wo may expross tho
number of fraa slaoﬁrone in 'bhe mixt:ura as .

T mz‘,,{z - 8) + e

in vihie}z 9 ia the volumetrie Or atomic yarcent of the second
netals me Irpach freguemiaa may bo expressed similarly as

Vg m”&’efl --9} +ew1 ’

and %he reaistivity mﬁ‘ the allay may then ba expressod as

2mWy _ 2m Wa(l = 0} + Wie
g ENE SN0 1 l
39 ’% e Eotl - 9) -+ nle 1)

ﬁhia @o,gza.‘!sian mas' be Bxpreased in terms of the resiat-
ivity of the first metal as follows: '
R@ G Em{Wo = Fo® + ¥16)
‘ 9‘7 {Hg = ﬂﬁ@fﬁ* ’E]_Q)

2“3 V@fﬁ ~ Q(WO - Wl)
o = 0y - M)

=

Bnt ;-325—%0 = R, and 12 we write w for -2 -M1
. & Lo 7“""3 » e Vo
and n for %‘,‘f}' y Wo have
Ro=nAEB L i whior Ry, w, e n, v (2]

constants,

Horoover this oquation may be shown to be & rectangular
hyporbola between € , and Ry »  Writing tho general form for
the oquation of a rentangular h;yperbola., using @ , and Ry ,

we have
(Bg + &) (¢ + B} Jp
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or Baa-uzag-wea»aa»caao
Dividing by B )
: g ol DRI 2
1'3&O+36*~%6+a-—% = 0
Clearing eqaatiazx ta) of grauticna we have
‘3 + 1 RP - PQ-MQG =0 -

. These too equa‘bimna are seen to Yo or the same form and
squating the amfﬁaiéma,we Imva

1 A , 02
n - .:.é., ‘FMWR B ‘ﬁ'gwd .-BO;:: ,&u.ﬁ.

e fi}herafesm 'fmsm, the -ao::eexxtmﬁanweaiaﬁanca curve of an
alloy we should be able to determine of w and n on find-
“ing tho origin of the hmarimla znd the values of the constants
i B ¢ and ae

; & stralpht line relotionship may be had £rom (2) as fol~
lows: .- L
(1 + ne) By ‘*"-"”Rg'{l + v8)
Bo = Ry = Bgnb = Rywo

'%his equa.t:ien rezpraeanta a linaaz‘ relationship betwaen -Q-—é--l?-e

as cna mriabla and . Rg aa tha others Tho slope of the line is
d “”'Q‘é‘“““Ra) g G 4 : \
. a/‘Ra. ...... 3

Vith no change in the oonstani;a w and B this relat*" onship
should hold, R. - R

The interoapt of tho at:raight: line on the. -ﬂ—-é-—e axis
i8 =~ Ryws Both w and n can therefore be found end
equation (3) should be & test for the presenle of a corpound




',oranyahane;ein w or ne TR
If e is. axpresssd 1n parcent, ﬁn...;.ﬁa wili be 100

timas smallem @h@ aquation will Bt111 hold, however, if w

. and n are corresponginsly the relative change in W, and

H, respectively for a change in concentration of one yercent,
since Ron = ﬁaw is likewise 100 times smaller. Similarly,

. any other. unit might be chosen for € and the oguation still

- hold i~ w and n a.ra the mlative changea for this amounb. -«

S ccm’mms ' When a cerzgpound is i’omed, Ry and W
may now roprosent ‘the free electrons and frogquency of impact

- of the compound, 6« hﬁwaver, the atomic concentration of the
original campomnta‘ could not ropregent the concentration of

the compound, 48 ususlly considercd. The concentration of the

. -compound expressed in terms of the original components would de-
pend. on the number of atoms of c:;:h of the componants uniting

© %o fom the’ nmr malacule. : :

xfg howar, tha eeeami companenf; marely robbed the’ first,
or caused it to give up more froe olectrons above the number
found in the original ccnmtmsnts, then soma abrupt changs
~ might be found st some definite concentration, and & new X
" would appear which would bs the froo eleetmns of the sec-
. oné. crigina.l oompanent. ’ .

3!1 . g ' . ' I} 1
—ﬂg—-—! =
-t ﬁo |

| W a n e - %,
V2 = I ' 2 : I’Il

- Thas 42 © rmins the atomic concenﬁration of the orig-
inal components, anything other than a simplo addition of elec-
tron densities should show a changa 4n the slops of tha line
rapreaented by aquaﬁion { 3). =

v, omB Pm’a?osrﬁ 01‘ mms WORK was to dotermine experimentally
the resisbtivities of alloys of $in and mercury at verious con~
traﬁiozzs anﬁ mapmﬁurea anfi with the dsta,

{a) ozemine equations {2 and (33 fox possible changes
in w and n, or poasibl@ conpounds, and

* Mhis graphi;sal ma‘bho&of,'{:a‘sting the hypothesis is due C.V.Kent.



-

(b} determine the effaa*b of change in 1;“ aviticd
ond n, hence cz: W am! He ‘ E ez@ on. ®

V. APPARATUS AND MDHODS : |

boy 1 R ‘\ " 7
‘ "
=
1 . H

Jd__Ur
r" - Ea RN

Plguvs 1

\

I~

A, Cast Iron pipe, 5 in. diam. x 14 in, and cap
B. Outer shoot iron conteinor end asbestos pad.
¢, Asbestos paclcing‘ By

D, Binding poste and heabing element of furnaces
®, Pyrex tube for slloy.

T, Platinum thermomebors

G. Tremito, or astbastos boa:e&. cover. ;
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The furnace, (ﬁgure 1) consisted of a plece of 5 inch
cast iron pips, jacketed with asbestos wool and an outer case
of sheet iron, the whole resting on an asbostos pad. A heats=
ing element o0f No.18 nichrome wire was wound on a shest iron
oylinder, insulated with a.a‘beetes. It £it snugly within the
~ heavy iron pipe.

"‘ha contalner fm‘ tho Mquia a:).loy was a pyrox tube of
abont 70 om. longth, bent into a U shape. The ends were
slightly flared for came in £illing, and o support the tube
in the furnace, It was 9 mm tubing, loutside) with about
1 m wa.l’fsg leavine; a 7 rm bora. '

: plat&mml rogistance themome‘her was set mll down in
the aenter {34 ‘hha fumace.

- The top nf the hee.‘aar' conaiatad of ‘bwo ploces of tran-
site, or asbonton board, separating easily to allow the py-
rax fube to ’aa mmava& :

mwmm mmmm :

The ylat:inm : T -
thermomotor oloment
had throe leads,one
for sach arm and :
one for the galvammaﬁe.r
Any chango then in
the thermometor leads
~ wag ghared ecmally o
by the two arms of the
bridge. With a one -
to one ratio in A and s
B, mzychaageinﬁhe : - RY
resistance of the thor- . -
momobor ©0il only was
_accurately measured by the va.lue
oﬂ' R nemma to ‘balance the ‘brmgea

5,

K

‘In order taat very small changes 25 Pt. Element, .
of Yosistances be accuratoly deter- 28
. mined, the rosistance R was made -

" up 0f two. standard boxes in parall-

0l, one whoee resistance was always &=

slighily greator than that of the themmmeter; and varied in
staps of 0s1 obm, the other of 200 to 999 ohms, varying
by single olmg. The low resistance was an Otto Wolf,Berlin,
standard of great accuracy, (‘?0,51%0 The other was a three
dia?. Loods and I?orthru:g box, (ﬂ(}n?. 16) - The setting on
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this h:.ghar resiste.nce vas umally In the order of 250 = 600
ohms, As & change of one ohm was noticeable in balancing,
it was possible to datarmine the resistance of the thermom=
etor to within about 0.001 ohm, when measuring 20 ohms.

B e 203501. 20 = 500 .
"%1 32?{3 20 501 = 20+500 = 0,00 ohm

% ratio coils wors elap Otto Wolf ,Barlin resistancos,
and wers used :I.G 't:e 10, a8 tha platmmn olament was about
10 Q}'fmﬁe '

The galvanomatar was & Le end ¥, instrument of 525 ohms
resistance, and & sonsitivity of 2241 mehotms, (Hoe3920)

RF'SXST&:IGE G ALLOY :  TPo determine this low rosistanco ac-
curately, a Kolvin bridge was used, in which the standard ro-
sistance changed was of a high rather than a low valus. The
disgrom and theory of the Helvin br.tdga followa 3

. stora
ffhearmsof i;hebrmbears ﬁ R, X + i s 8nd P+.f.._3‘2
mray - " miap?

With *bhe brs.dge balanced we may essume some point 4 on the
heavy connec.‘aer a;_ag to be ai the same potontial as ¢, and

that :
4 z&:n.:x-%-——l:P-P&

i ga\j.‘ c-and 6., are a.ﬁ the same potential, .

m . n o .m  _ .m
By &y ' 7. miay ntap



g
swasumtmg Me for ﬁss equal, m+ai . we have

R
SO ",
: | (m } &2
= 1‘?' ml“"z} m+a1‘ .

o ... m -zl

Substituting 7 fbr’: .ma" omal 21
M om

SRy
.Xf iﬁ’ %ﬁ (m-%

’If therefore  the ratio of NA  and m/n 15 the aeme,

' , the aecond tam vanishaa and

K&Eu'?«

AR 'Keeping the valuss of i, I, m, n, relatively large, tho
resistance of tholr oxternal connections introduce no appre-
‘elable error, while the curront leads to the low rosistances,
P and X%, lle en‘airely oubside tha points botwoen which re-

aistances aro to ba maasurea. i

, mla bridge connections to the alloy were of consider-
~ able importance. In order to avoid possible contamination
of the alloy by the loads, the current was lead into the
morcwry through large iron wires which aid not amalgamate
with the moroury. Platinum wires wera found necessary
for the potential leads to secure consistont results. Small
platinum wire tips were welded to the ends of the oopper
loadn which terminated within a small cspillary glass tube.
{Seo f£igure) Tho potential connoction was therefore at the
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tip of the capillavy tube P, '.i'his tube vas always lxed care
fully in the same position, not varying more than 0.2 nm
from the same position.

B&ffmmm ma‘{;ari.als used for the tip
of the copper wire gave surprising- C. I” :
ly different rasulis. Iron wire
was tried, bub wmla the resiot- :
snces M and n were quite large,

1000 ohms and movs, the results '
were vary inconpistent, Copper ol

tips gave good vesults, as did =~ 8 =
platinum, bubt the latter was : |

> -

|
chosen to avoid sny possible I Pt.
impurity which might come l
from the coppers Coutact rfesisto-
ence may have boen 'hhe; diffiiml‘by
with the im. o ' ] ¢

Iia 'Bmu.bla was e@cpaﬁanced
'e;im thermo olectric forces. 4 , N P
varigbion of one or two millimeb- - —
ers in the zero point of the gal- ‘ :
‘vanometer was observed, but was
not consideded of sufficient ime
portance to warrant the inser~ ?
tion of & %tmtm: damefs : Tigure 4

The s‘f;a.naazd raaiatanm bar  Cele Current load.
of tho bridge wus pomswhat wokn,’ %é’u Potential load.
80 & positive contact was sold= B P%agﬁm f‘%l?-
ered to it in place of the usual - pillary tube.
slidor, and tho two resistances P« Point of potential
K and m wors varled instead. . contacts
. This was dono by inserting two S, BSurface of alloy.
«su;:\mmnﬁm rogpistances dn
- the potential leads to the alloge Keeping the suprplementery
registances ecmal, ‘and the low standard constant, permitted
a variation in- ama.ll and positive increments and made pos=-
gible a much groater accuracy than sould have heon obbained,
had the sliding contact on the low resistanca bar been used,
£irst on accouny of the difficuliy ia reading the scale di-
visions szzfﬁuientiy eloae, and 5905::&13' on account of worn
places on tlze bar* ' ‘

mm two a&ﬁiﬁiﬁmi sfsandards were 4 Ml Ieeds and
I’or%hmg bozos, checkod against cach other and the Otto
W@lﬁ s‘ba.ndaras and the resistances in *ahe hridge itsolf,
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The gvr’éi@n af thae baz- used way tekan a8 s.omzm ohma and
tna resis‘bma sf the ailny read Lo

Ba = 001021 & ﬁ- o,

m;mmmﬂ 6%‘ "’H‘if &IJM The mercury wes freshly distille
eds The bin, secured frmu the chemistry stock room, was
highly pure, a erade uged in analytical work. The quanti-
ties desired for &.given concentration were carefnlly weolghe
ed and plaoed in o pyrex beakor with a smll piece of para-
fine waxs The wat sucesasmlg pravemed oxidation of the
azlmf s:z%sr mﬂ.ﬁn@« A

"‘h.a tr ahapm ‘fmb@ W ylaeeé. in the furnace and heat-
e;g ;:g B pomt samawhem aear the ‘nggara.‘aure 0f ths prapar-
¢ 19;% ‘

Wlxam tha ﬁinwmarmzry alloy we 'bhoz‘oughly mixed by stire
ring, the parafine wax was lurgely =“omoved by means of por~ -
ous paper (toweling), and the ligmid alloy poured thioush a
paper fuwmel into the U tube. In this way tho tube was
easily 7illed with clesn alloy, snd at no time did tho wax
pppear to zet in the tube or give any troubleo, Ita use ag-
sursd a ﬁaﬁn‘ %o coneentration of tin, without loss by oz~
iﬁa‘i:inn, \vhich:,is othamise qui*ise troublesnme at high tompe
amtux'em T

axmzmm ”m@wms AD nmmea :  With the current
and potential leads “in place, the rhedstat in sories with
tho heater was set to allow & curront to f£low which would
produce 4 suitablo moximum, somewhat undor the bolling
point of the allpy. dbout 3 or 4 Dbours wore required -
to get & reasonsbly steady stote of temperature so that
we could safely sssung the alloy.and themwmoter to be withe
in a few tenthe 0% & degros of the same temperatures  As
tho thermal capacity of the thermometer was much.the smallor,
and consoquently alvays ahead of tha alloy 4n following the.
temparature of the heater, its resistance wous read first. '
Both readings were weunally made within the semo minmute, as
an approximate adjnstment was alweys made provicus to the :
ﬁml be,lanca and. raaamg.

UALIBM.TIW or ma I‘L&Tﬁ'&’ﬁ mmmm The resistonce of
“the platinum was &atsmi,ned. Tor thren tempmtures, ice,steanm,
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end the melting point of tin. A large quantity of f£inely
cracked ice was used, and & very steady reading obtained.
Yor the stoam point, & steam jacketod steam chamber at the
bavometric pressure was used, and the btemperaturo taken
from Eaye and Isby's Chemical and Physical Constants.

4 00ling curve through the freezing polnt of tin was
obtained, and the midile of the horrizontal resistance-time
curve used as the resistance of the thermometor st 252° C.

- These ‘thre8 points were plobted on a lavge groph of
5 inches per 100° aud 1 inch per o, and & smooth curve
Gramm through them, etzﬁ&naing’ t0 400" C. ‘

~ The tingni’.ziﬁ'ahecm- vithin two desrées with the form-
nla,*{Callendar's difforence formuln) for changing platinmum
thermometer readings to the gas scale, namely

ot = Al - Uy

in which % 45 ths gas thormometer temeraturs, & & constaat,
approximately 1.5 for-purs platinum, pt. the platinum temp-
erature from - e ; .

Y T 1 0 kN
in which R, = ice regidtance, R, = steam rosistance, and
Rg = any other resistence.

pt o 1{}{} B =Ry
» ’@;.‘;?.&Xéye and T.H.Jeby, Physical and Chemical Constants,

fourth edition,page 45,

B m& H

- Géw;’)ai%im Platinum Ress. Tompe Relvin Bridge
f W fate . rxrt oohs A 4lloy R.

o 0 ao-x6ed[f- 19.35. © 330 1747  .01885
C18x282 3233 %32. ‘ 3:':%5 .gg.gz?g. A
. A aFys 220 - ™

or o EP e 2 OB Gp
AR5 x4 1453 1625 1453 0B

10502 205 2005510 19.73 3395 1ed53  «01570
R s AR 3 a8 sl



Composition

B ot f AL,
1502 2.5
257 435 3

o Bmp

8

BB

213669

9.9 5.6

rxr'~

,. 17.3:620.
e

‘»12'23670?2 18.12

. Platinmm Rese . -

- Tompe.

ohmg.

%%:Q =

- 219

192309

16‘3;5

20 29.6

37:3 5040

~ 38089 52&8 :

792 ‘86.5

100 100 -

=

'1’5"%&0

16::589

2152350

- 16.52310

13.18

20,20
s

14.32

17

1545

19.2

20.0

185&'10‘;
1570

200
-:.a.%

21.% :

) 16:!10 o
RELNER

16.68 '

2050

2ha23

3.‘7. 32756"

01

5

2595
12.%2 . '&Jj
- 20427 .
17.50
- 15475

Xelvin -

i

1,227

282.5 12@ :
216.5 -

| 1.133

11&26 e
,1.18%

1.217

1.111

1.079
1111
10061 '

1,018

v

922

‘c6
%

+793

7
-

o759

7325
1%
749

| 'i%%'

R
£1% 5 3 SN
sULLD



k.

Gomosi;;:tcn Bgoo B ~1?,} 'Bzsg By =Bs- Rogp By = Rp
Sn. in Hge R
n,.a atamie :&10"5 = 10*"4 =100 x 104 w0 = 1074
00 me S Bz aGm
| 2“566 ?22% | g iﬁ?‘?-, U5 z;%g §155
s - T
'8»55 e '1325‘, : 615; o mg - m - 1163 589
6 %5 . 953
S0 g 2B s Ba G5 s
. gﬁﬁ o L6 815 123 98 1225
| o 82 139.1 B 1235 g;o* 106.9
mo.c o Ok et NPT O0ET G507 96
’ mﬁom‘ﬁaﬁp R r o '
Bemsa, =107 =x17 =207
f',r‘{)‘{_; 1 . .
gﬂ:‘s ; gg& S 304 g‘g 2% . 720 2%
e - B0 32 815 31549 8  308.6
50,0 . g2 o2 335 340 . 48 316
o4 103 9. K7 3@ o 9B 323
el 1160 373 o 1100 4% 1o 412
965’ 13 - - 1163 51645
B Al’il?’] g . 1400 305 . 12%H  b32
# oy B By sy e @
S0, 2005 124 '12 1107 . %55 %5
SR aaxmz:cﬂlvmz OF, ALLOY 3ao° Co |
" Roforred to pure mmax'g; ~ Beferred to pure tin
% Sne atomie canmmvmy , ;@ Hg.Atoms Conductivity
0.0 1,000 0.0 14000
10851 1.345
2.5 ’l.é%g' . %é:% = 3475 S
Az 14306 50,0 . ,313
1§#§5 ¢ 1-3‘%: 0ok »
’)"? ; Lo ~ ; 45 : o
29Q6 1085 k 91;%5 o ‘%a
50s¢ 2,048 %.%
g.%;g 20 5 .47?
e . 2.39;:) T ;‘Zu% , ‘4
100»0 2#5:)0 da 190‘0 %



15
GRAPHICAL FESUIDS :

A The Gonoentrabion = Conduotence Cuxvos

Y

[ORENE, SpRwes

K
O h
o

‘ '&m‘ae gmints 2.39 on a reci;a:xgalar h;rper‘bola i the diag-
onals of the rectanglos formed on the points, sides :para.llal.
inf;sramt pL g cmmnon ;mm*m o

Iaat ay by aml a bo the pointm Gonatruct $hospectan=

gies apbg, amc:h, ‘and hnck, Draw the aiagonals pg and. mik,
and lot them interpect at 0. Bxtend ep o o and a, gb
to £ anﬂ. T, and c:k: ﬁ) ha, atoe k

mhe recﬁangie oesz.i acmals rectsmg:&e af’b,jk For
| m. sap = f:r;h Opj
§ : . 3 “,';' ) (}fg’&-‘: “ Qgi o 2 3
: 'rhe aiag:onal a*’* 8 reaﬁmgle divides 3:& into ﬁm eque.l similar
‘32‘1&21&1%354 ‘

| Bem. Gaai &y Gep tri. gsp + m. om ’
"o Gfbj& u‘ij_v‘ '513?1”' “IOf”‘

Bnt tha ‘briangles ‘bem, una.l as indicated aheve, thea rect-
zrles ara also aqm:f. ;
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CA smizar precsf lmma Pox rsc'banplea 0£bj aund Odol. A8
tha ares . 0f each yaotangle is tho product of the x and y val=
neés 0f the point 4t contelins, xy = constant for each poinbs
Yoreoveés, the disgonal of & third roctangle, anch,; may be -
’ehown %m marsesﬁ at: the aame poind 0‘ :

- "‘ha meﬁa.ﬁgla 99::1 1s bisected by cm. ‘b is the interu
Qﬂx‘:’ﬁiaﬁ o€ voots Ooal and vects Odel and lies on the diagom~
2l On, for gubtracting alrecdy proven equals OoohC from the
tri. Oen, and OhelQ from tei. Onl leaves oqual remainders.
This being the vasg, 'bhe 1line n must bisect rect. hano and
bea :tts diagenal. : ‘

: This test was applied to a portion of the concentration-
- conductivity curve, plate I1I. A few points betwoon § and
29.6%  were nzed to locate the common point of intersection
of the disgonals. Prom this point, other points on o con-
astructed hyporbola wers obitained, and placed on tho graph.

In evory case the points by conatruction lay on, or vory
closa to the curve drawn from the sctusl data, falling slight-
1y inside at the lower concentrations, probably within the
nmi.ta of orror for tho lsw concantratmnm ¢ .

From O = 29.6 % Sn., thcm, thg concentrat 1on-conduot-
1v11:y ourve satisﬂas squation (2) in the oonauctivx.‘by form

c g ‘1t ne (9*)
I b=t w“D

o From 29.6 %0 100 % Sn.,the curve is practioally a
_straight lines Plate II. While i% is oconceivable that both
.. n cand w should both vary to produce this offect, 1t is

- mch sirmlor to assume w =0 for this part of the line,l.os
‘equation (2') becomos a stralght line when w =0, 4t 29,6
“Sn.,then, the impaet froquency no longer changes with the
concontration, and i’il , the impact froauemc;y of the ?9.6
,alloy is the same as for puxa tin.

?.‘mta IVe & similar ourve plotted from the tin end i,
shows tho same generel curvaturs, w constent, or nearly 6o
st convontrations of marcury op to 70 4 %y then incroasing
’*amile ‘bu 100 %r Lg. %

z’mm Fe ,’3.’:19 resistavce«‘,ﬁ ‘b;r weiwht curve was coz\.struct-
ad ‘bp compare. with similar curves on page 399 of Krous' Prop=
srties of Tlectrical Conducting Systems, and Gractz' Handbuch
der Rlekbrizitét und den Magnetismus,page 052. These latter, %0
v:era i’or 200° ¢ however, while %he graph inoluded is for 300



tvae

 “The straight line relstionship of equation {3) express~
ed in curves 1 and 11, plate VI also indicate a definite - -
chonge in the values of the constants w and n. Curve I do-
parts from the straight portion at, or neor, 296 # Sn.,and
‘the same point, 70«4 % Hg.,reckoned from the tin end,lies
on the phort straisht pnrtion o 70 7{, i‘hia point 1a then
-common. 1;0 bo‘ch 1inee.~ .

x%’a can am:aine changﬂes in w and n very readily :Erom
41:11983 curves. Tho intercept of the portion of the curve .
in which w and n aroe constont is = R oW - From cwve
1 the mtercapt is estimted to b

1650 +310 =~ 1340
uamy : L
- 1240 = 1075 1,

: ..1?= -':‘51"8‘3*2"“ = 1‘31, or .07”1 :L’ P
_ For 29.5 5'{) 29.5 x +0731 = 2.16 or "’29 6= 3.16 L

Ee;yon& thia pn:mt, reahoned £rom- $Ho pure tin ond,
cwrve 11, w ip found to be nearly zero. The intercapt is
at - 40 % 105, Rg = 400725, and
‘ 0 x 1079
s : _*09725 ,
For T0s4 % Hgey 7044 x 1.000552 = .0308 total fractional
changa inwe ' ;

. 'ﬁhis Value 19 msitiva rockoned from the tin ond, ie

,the imgact frogusncy i incressing with addition of Hg.
From 29.6 o 100 % Sn..however, it is decrsasing instesd,
; ,hut very alighﬁly.. In ait‘mr case 1t 1o nearly zarm

W = - .0552 or .000552 for 1 7

ik "*hm a.gmaa vory wel}. with the hyperbols which indi«- ‘
c:a.tsd a zoro walue for w s the fmctional chzmpa in ime
pact freqzmnev abova 29,6 % Sme -

?he alops, n, representing the change in froe olec—
tren density is, for the O - 29.6 % Sn. portion of the
mzrve {I}

330 x 10"‘4 = 16.; or for 1 % 18 .165
STag0R

nr ‘:”29.6 x .165 4.83 or n,,9 5 —-5 83 ng

For the 29.;6 - 100 P Sn., n wa.a teken frem curve Il. ‘

e



n n
. w
" v
Hg © 29&67; Bne- O . Bne
Bsing pqai‘biva menente, |
| ha e %é‘:‘* "‘345 p9r100%0‘i‘

]

mhemfore n is decroasing from the ‘bin onrl 0243 o:ﬁ' .’d;a
pura 't;in value. From 29.6 = 100 Sn it 1is incressing.

b ana U/ votn iidreesa repidly at first, n the move
so, ‘howavez', cauaing a x'apm rise in the conducting proper-

5.%3,5 = 1.855
: 0
This checks very alnsalyw%h the Spediﬁc«-conductance curva.

. Yrom 29,65 n continues to rise, but loss rapldly. Im-
-pact fmquency rmins constemt ag. w is approximately Z8ro.

 Curves draxm 'bhrough the pointa for 200° and 400° ¢
-have the seme slope ae the one for 300° C. From this it
may be deduced, n is constant, and only w, or impact
froquency changes with rise in tomperature. 48 w alons
‘changes with incresse in temperature, and the rosistance
changes likewiss, the temporature coefficlent for w and
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.
<

R ahoulé. 'be tha same, Both are nxmam

, Plotting th@ resibts,ﬂcewtemgemture onefﬁcienﬁ againgt
e, 1% 18 goen to Be vary smill and practioally constant over
that range where w- is vory smll, or zerp. ,

Tha mel%:ing :goinf; curva of mercury tin allo,rs in Inndolt,
BBwnstoin Physlcal Chomistry %tables,3rd edition, 1905, shows
o vory rapid rise in the small parcent of tin, with & dip in
the curve ot 20 4 by woights This is 29.0 % stomic. Undoubt= .
edly soma abmp‘b change in w and n must take place at
'&hm yainﬁ with the chans:e in i%s physical properties.

At the very small concentration of 0.2 % Sn. by wolght
also, a change is indicated. Whilo some dota was taiten noar
this point, it was not considered sufficlently accurate to
use, The resistauce of the Pure mercury was used for R, and.
this may have introduced some error in the results. Its ofi,
foct iu.perbaps neglible when msing the larger valuas of o
it is possible thia point mis‘ﬁ: be investigataa from the

- "biﬁ onde

ﬂoﬂemsxm

‘ b A The reaiatanae ox‘ marmuvy t4in alloys has boon expore
imentany determined for varyin;f concentrations from 200° to
490° ¢, | ,

& m rasistance at: a givan temnemture is of the form

'f,fR - R 1+~?Q

wharae w and n are constants having one
026 02 O T T 19 i1ues botwean 042 % and 29,6 % tin, and
another set of values betweer 29.6 tmd. 100 % tin

3 onm o 1s mdepen&ent of tmperature. w varios linear-
1:9' with tb.e tmamtma : \

T 4 The dnte &ve consistent with the aimple sloctron
thadry of rasistance doveloped by Drude, wit}z the exception
of his asaump’kians s to temperatura.

~In concluding this report the writer wishos to ex~ -
press hig thanks to Dre C.V.Kent for his constant interest
aud asslstance in thoe work, end fto Dr, F.B.Kester and staff
for assistance in aecnring the ‘necessary apparatus and '

suppliem
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Composition Coefficient
Atomic. % i
g Sn : it
Plate VII 100 0 983 x1l0 18
| 938 16 go | hoSei
97.5 2.5 go . Bedh
9575 425 757 ™
9,65 835 635 e fERHE
844 156 545 3
To.¢ 296 476 X
500 3500 558 &
296 U5 4.3 g
/135 86.5 4 8%
e 0 Joo 570
519
30 40 S0 6o 70 © - 80 90 100,
| % Sn #1

Temperature-Res/stance Coéf//cz'en‘i‘
of Mevrcury ~7in ﬂl/oys at J0O°C

10
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