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~urc region. 1n tbe co,lxial healer, the heating currenl 
flows in opposite direct ions in inner and outer slee ye~. 
This great ly n:cluces induct i" e pickup in Ihe test "irc,;. 

All materials sUbjected to high tempcratures ins iu l" 
t.he pressure cell were previou~ly fll'ed to avoid their 
givin~ of! water during th e course of the exper iment. 
Small traces of water quickly react with Chromcl and 
:\lu lIlcl at high temperatures causing contam ination 
and deca lihratiol1. Thc massin: talc pressure medium 
did not gel hot l"nou.t;h to dewater and was 11 0t lin·d. 

In t he experimental assembly sho \\'n in fig. 3 then: 
<Ire t wo pressure sea ls, one at high temperature and the 
ot her a t low t empem lure. The temperature of each of 

these seals was measured with a butt-welded Chromel 
Alumel thermocouple. Their location is indicated in 
Fig. 4 . The leads of these thermocouples were taken 
out of the atmospheric pressure side of the sea l. Thus 
pressure did not arieeL their calihration. 

Suh~tantial ca re was taken to avoid parasitic emf's 
it nel leakage currents in the 10"'-!eyel J1leasurin~ ci J"
cu its. The emf from cach Ihermoclement in the tes t was 
measured with an absolute accuracy uf ±2 J.LY un a 
1-mV span strip chart recorder. Polarity is indicatecl in 
Fig. 2 and is in accordance with that of Bridgman:; 
At the highest furnace currents, a small amount of in 
ductive pickup was not ed . This '\"as rell1(lVed by a one
stage R-C tiller. 

FOllr thermoclemenL matcrials werc tested simuJ
Janeous!)": Pt, PLlORh , Chromel- P , and Altune!. Th e 
noble met al thermoelemeJllS were 0.305 -mm,C\ia III 
reference gra r! e thermocouple wire secured from Engle
hard Industries: P t , bar number 72385 ancl Pt10Rh , bar 
number 737-10. The Chromcl and AI1U11el ,,'ere suppli(>(l 
by H oskins Inc.' in the form of 0.320-Il1Il1-diam wire: 
Chromcl-P coil, number 3831 and Alumel coil, number 
640·1. All four materials were received in the annealed 
conditiun. No further annealing W<l5 done, though ca re 
was t aken to avoid undu e bending of the wires during 
assembly of the experiment. The therJl10elclllents were 
cleaned with p etroleulll ether before assembly' and th en 
hanuled only with cleaner! tweeze rs. This was don e to 
avoid the introduction of contaminants on the surface 
of the \\"ire~, 

Wh ereas Pt a nd 1't IORIt seemed clea n initi a lh'. 
Chromel and ,\I umcl required suhstant ial rleanin~. 

,\rgon \\'as Ilu:;hecl through tlt l" l -atlll high-tem]lL'ratur,' 
region for 1 It bdore tIl<' l 'lr~t temperatu re excursion. 
This was done to in~ure ("!Tectin' ITI11O\'a l of oxygen. 
The argon Ilo,,' was th {' n continued througlHlll t thl" 
l·"periment. 

Pressure was !irst raised to a nominal " ,tlue of 1 khar. 
Th e pressure on the wires inside ,,"as probably \'ariabll' 
a nd Ie:;::; tha n 1 kbar. Th e rU'st temperature cycle W ;IS 

madl' at this ex tremely' low pressure to the hi~h l",;t 
telllperat ure to make ::.ure there wa,; no si ngle-wire cmi 
in th e aiJsencc of pressure. Dat.a was recorded on the 
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FIG, -1-, Sin~iL'-lI"ire experilll ent temperaturc (\islrihutinn. nor
maliLcd temperature along tilt; prcs,urc cell as del e rmined by live 
fixed thermocouples. Data lI"a5 taken at maxim um temperatu res 
uf 300' , 600°. and ()OOO('. , \rro\\'~ indicate maximum exten t of 
the pressure seals . 

increasing and decreasing part s of the cycle. The pres
sure was then rai sed. 

Both isobaric and isothermal excursions were made 
,lcross the explored region of th e pressllr~-1f'mrH'r!1tlll'P 
plane. 

r n the isobaric excursions the piston load was gen
erally taken Lo a li.xed value and maintained . This meant 
regulating the oil in th e piston ram to counter the 
eflects of thermal expansion a nd contraction. Tempera
ture was t'ypically cycled between room temperature 
an e! 1000°('. 

At each data point. the hot sea l temperature was held 
constant for ~-1 min bciore the single-wire voltages 
were recorderl. During thi s lime, one of the single-wi re 
voltage5 wa.s lllonitored on th e strip chart recorder in 
orner to obscrvc an." t ill1e dependency. Onc-half 
minute was t)'pi ca lly sutli cient to establi sh suitable 
stress and temperature equilibrium in the cell to 
terminate :tll shorl-le rllt drift of the s ingle-wire volt 
ages. Occasion all :' the hot -seal tcn lperaturc was main
lained constant for 15 min 10 obs<T\'e all\" longer- term 
cha nges in the yollages. Thi:; was generally done at the 
highest temperature of each cyrk. Data were reco rder! 
on hol.b I he increasing a nd (kcrl"a~ing p:l rt " oi each 
tempera ture cycle 10 ob,,!'rn' an:' h,'s lere"i ,; introduced 
by thermal expans ion indlllTd rh:lnges in s lrl':' '' on the 
wires. Tcmperature excursions '\Tre mack :It 12, 23. 
and 33 khar; :\I1rl t1wn ap::lin ;I t 23 ;\ 11[1 12 kklr tu check 
reproducibilil:' . 

The values reco rded a L each data point ,wr\.! the 
"ingle-wire ,·olt :l).!;e ior each ni the four therl11ol'ielllen ts. 
hot pressure se:l l tem]lcraLlIlT 1'./. n)ol :;("a l tCIll]lL"ra 
ture 1'8. oil prc,;.;ure in thl" pi~t on r;llll, and thl" ]l0<; itiol\ 
of th e piston as Illonitured with a dial gauge. 


