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A g~ometry is described which permits four lead electrical deterrnna-

tions of the pressure coefficient of resist~~ce of metals in Bridgman anvils, 

It is also possible in·. this geometry to mount more than one sample and to 

make independent measurements on each sample simultaneously. 
' ' ' 

~~en Bridgman1 developed the anvils for the determination of electrical 

· L l> .t>l• Bridgman1 Proc. /uner. Aca.d. Arts and Sci., ~~ 16~ 1 ( 1952) • 
, I 

resista.nce.mcasurements1 he found it essential to run all of the necessary 
\ 

ieads througlt the anvil faces. This introduced an U!Ucn~Jn contact resistance 

for which no exact correction could be ronde. In most systems, however, the 

contact resistance was negligibly small compared to the total resistance. 

Bridgman made several attempts to rw1 le~ds tltrough the sides of the ;pyrophyl1te 

ring directly into the sample, but the leads were ·;pinched off at such a low 

pressure that this technique was discarded • 

. The apparenJ!j l"ea.son for the pinching "'as the. very large pressure gradient 
' 

. . 2 . 
that exists in the gas~et. In an earlier paper by the present authors it was 

2. P.W. MontgtY.n~iW,~H· Stromberg, S. H. Jura and G. Jura, in Press 

\ . 
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.• 2: ~. l! .• i. ~·.· ,, 

./ 

'· .. 'Zl :. ~· '! • • 

shown that in the l/32 1~. wide pyrophyl1te ring, that the pressure gradient '\ . . . . ' ' 

in the ~sket vent from a. few k1lobars a.t the outside edge to a. pressure 

. ro~y. '2~ higher than the average applied load in 0.025 1n. 1'his pressure 
• ,

0 
, • I' , , 

0 
, , I • ', 

I I ' I < l o .\ o 

gradient is .above the shear· strength ot $.n:i, wire, and consequently breakage 
I' ' • • • I : • ' 

' by· shear ... occurred •. We have 'found that by increasing the width of the ring to 

3/32 ,in•, end increasing the thickness of the ring from 0.010 to 0.020 1n., 
. / . . . . . ,j . . '. . . 

·>:that it is pos~ible ~o insert electrical leads through the ring without in-
~ •• -. l. .~, ~.:_::t:.·, .. :·;· :.; '· ;·: ·· .. :.·r: 1 • 1 ·; ,'!::·· .,:.·. ·· 1., •• •• •• ,.· •. ·~ • ~ • 

. troduci~ sti:f't1cient ~ear to cut the wire to ~ applied average load ot about 
' ' 

· ~oo. kilobars. ,·.,~~: ~i~~··~es,i~ ~··als~ b~~n, found ·.to change ··th~·· ;~ss~--1~~ 
,.!.i, , !•· ', \ :,,;·, 

0 
• ' : i· '·•. ·,,.·· ,,,1 •. 1 • :; l • ' ' • ,I , 'j,! 

. relationships due to the increased gasket width.' Also; because of the increased 
;!··;. '', : ':. ";. •; I·;·::.: :·• ,_;·· •';.; I; 

thickness of :the silver chloride, it is possible to mount more •'than one sample 
,· .'· •• ' : • •• l 

• J. • I' 

·· in the same cavity, and make independent measurements on each. 

Figui-e l· shows in a schematic manner the method of mounting a. single 

. Saniple. ' The . tvo s1l ver chloride discs I . A, are pUnChed from preroUed sheet I 

o:t' carefully controlled thickness, to~a di.ameter 0.010 in. less than the in·· 

ternSl. diem.e~er of the pyrophylite. ring. GQld electrical contacts, B, are in-. . . ' . ' 

ser~ed .in o.o~ in. hQles drilled near the edge of the rings. These plugs are 
' ' ' I ' ; ~ :. I 

su.ch a thickness that, contact is made between the anvils and. the Wire M, when 
' ' ·t : I \ • .~: 

0 
• •• > • ' , I 

. the assembly is under :load. 1'he wire ~ is usus.l.ly 0 .oo, 1n. in ~am~ter and is 
' ' ' , ;"I ' ''I · ' ' , , I, 

bent in a circular iu-c, flattened e.t the ends· to about .002 in. and mounted con· 
. ' . ·' '. . ' . . . ' .. 
'\' ".l • . \ .. ·. 

centric to. the center of' the anvil;. te.c.e, which .insures minimum pressure gradient 
.:~· ·J' ., 

in the samp~e •. 'rhe ends of the lead wires, L, .are also 'flattened at the ends 
:> 

vh~r~ contact is made Vi th the sample ~re in order to redUce tendency to pinch 
' \ . . 

'/ 

·at the cpnta~t point. In oJ;der to ta.cili tate meunting of the lead vires the · 

containing pyrophlite gasket is made in tWo se(!tions, 0.010 in. thick and 3/32 in. 
\' '' .; ,, .. 

vide. On final assemb~ one gasket is placed on the anVil face, next the silver 

.~. 

'·· 
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chloride assembly containing the sample and lead wires is placed vi thin . this · 

ring, and then the second ring is placed airel- the leads. The top and' side ... 
. ~ ' . . ' ' . . . : .. 

Views o:r' a. cottq)leted setup are. shown in ·Fig.' 2 ~ - The dimensi~ns· given are to'r 

:l/2 diameter an:v1i :ra.c·~a~· ·.For smaller anvri-''diameters' s~e ·~skat thickness 

and sample clearances are used. 
; : :··. 

' ''• 
. : .. ' 

It.· is reliiti ve1y easy .to. mount. two se~te. :samples in. the. s~; 'caps~ · 
. . 

.. by" u.sini three thiim'!9r silver chiorid~ . 'ai'scs ~i th an awropriate . gold plug in 
. . . , . ' . . . ~ . I , . ' 

·. • • l • . • oj • .! I ' ' • '. • • ' : • . : ' • • . ' • • ' ' • • • ' • ~ . I • 

· the cente~ ·disc to connect the two sample vires in series. To obtain more . 
. ..·' ! . ' 

. • • ' . • I • . . ' • • ' ' . . : ' ' ; . ! • • ' ' ' • . ' • I . ~ • : • . 

· reqUires that · four· leadS pass through the gasket tor a double ·sample test. 
\ . . . . . . . . 

'Several; tixlles· 'we ·haw a.ttenpted to mount 3, separa.t~ SamPles in, th~. same capsule, 
,\ .. ' . 

'. 

but we have not e.s yet been able to mSke a successful ~ .·due' to the co~ple:d ty 
. ·:' . . . ' . 

· · of the assembly. Ari elec;trl.cal· short or 'breakinG of the circuit occw.-red each 

time within the·silver chloride celi. 
'.' ,, •., : '. 

·., It vas found that me·tals tlith high modulus of elasticity' such 'as tungsten, 
/ 

molybedenum and platinum ·m&ke· the most successt"ul. lead through vires •.. o.oos in. 

· diameter wires. did not W:,.dergo shear· f~lure.· . Platinum is the most desirable 

since it can be easily soldered,hovtever,; it has the disadvantage of lower shear 

strength than either tungsten or molybedenum and it' fails at about 125 kilo bars. 

Tungsten has. the disadvantage of' end fraying during the fle.ttening process.: · 
' ' I ' ' 

Mechanically ·molybedenum is superior arid. has been uaed for most o:f our tests 

, despite its' p06r ·soldering qualities. ·• A erlmping procedure has been develoPed 

.· :roi- connecting external: lead wires to molyl:)ed.enum and tungsten, which introduces 

relatively sfmlll contact erl;'o'rs. Both otthese 'metBls will successfully resist 
., . _ .. 

; .. 

shear breakage· to pressures of 200. kilo bars~; · ·· · . . . . . "• . . 
. . . ' 

I 1 . ' ; ' ~ ~. ' • ~ ; ' . • ~ •, \ ; I ' t : ' • ; '! • '., f 
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Electrical resi~tance measurezn€mt;s of the sar:1ples are: .mo.de by pas sin;:; 

a constant current throueh the entire sample stack com1.ected in series.· Current 

cormections are made 'through the. e.n:vil faces. ,• The IR drop is measured across 

the individual sample$ with separate leO-ds that pass throueh the split pyrophylite 

rings~ . Ohms I ~vr is th~n used. to ~onr_pute the' l~esistance o:f the som:plc. .Pressures 
!. : 

a:ce 'determined vrith a' strain gage instrumented steel load cell in conjunction 'with 

. a. SR 4 ·bridge ·~~f'actured by _Baldw·in Lima Handlton Corp9r~tion • 

. Figure three 'sho't.fs a tyPicai dete:cniLP..n'don u~ing this technique~ This w~ 
'' ... ' 

a :tuo se.raple assembly one bismuth_, the other. mangS.iun. T'ne bismuth 1-2 and 6-8 

transitions are used as an i~ternn.l press~ll~~ coiibration •. The SR. 4 readi~1s 
. • ' t 

:havci been converted to'pl,"'essures on'the.aosumption that the l-2·tro.nsition occurs 

at 25.5 kilobars,· ·al:ld 'that the ;pressure is. lXt:"oporti~na.l to ·the load. There is 

some evidence that· this latter assumption is not valid until pressures of about 

30 to 35 kiloburs are reached. 

Due t.o the use of a i-rider gasket giving o. hie;her gasket to silver chloride 

-area ratio, the effective'a.rea of the anvil over which the load is distributed 

· is greatly decreased. Vli th the standard rings as used by Brid@llan., the load 

required to attain the.name pressures in 1/2 in. faces is about 50% greater 

than the required using this technique. In the 1/4 .in. face anvils, the load 

required to attain a given pressure is rougb~y 1/4 of the calcul.ated required 

load. In :this case the bismut;h 1-2 transition occurs at an indicated load of 

betvteen . 6 ancl 7 kilo bars. 

/ 
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FIGURE LEGE'HDS 

'i:'" ' 1 
...,~g~ -· Schematic sketcli of.setup using leado through gasket. 

Fig. 2. Top,and side views-of B$Scmbly for multilead mcasurcmento. 

fig. 3· ·Resistances of bismuth e;nd mune;nnin as determined simultaneously 
\-:. 

and independently using four le2.il measurements. 
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