
1!,::i, l)ADSO~ ct al.: l)cvelopllll' ,d s in the J\ ecllrnt" l\leaSlIrf'IlIC'llt of Jligh PreSSlll"eS 

I' h~'"ic',,; J)i\'i,.;ioll of th,' Xalional Phy,.; ical Lahoratol"Y, and 
ill' I"cl,'cl r"~llIl' olilninvrl hy Ih (' "Itrnsoni~ p1JI~(' Ill~tho(l 
(,\I.\lU"I I}l 10:,7) as 11"(,11 ns by the sl,andard sta li c: llI (' tlwds 
;!i\'ill~ tll(~ stn·~...;-st l'i\iTl l'('laf.1onH 0\-(' 1" a. ,,-ide rnngp of stJ'C'SH. 
YClilll ~ 'H Ill or licills "'aH 1lH':1SlIretJ bolh in tCllsion and compres­
sion lISill,l! a )1. lrit-nH 1,1'1)(' rhomb :1IHl mirror ('xtcnSOlllC'te r, 
T he mud"IIIH of ri ~ idit I' ,,",1S dclcl"lllillC'd UY Illcans of an Nl'L 
d,'si~n (Jf tlll"sion ~'xkl;so lllett:r in ",hi ('h I:('a rlings wel"c takcn 
"ill",r \I' il li an aulocollimalor or wilh tile IlOrllll.1 arrangement 
of ";('" h- alld I c' lr'I""OI)( 'S , 

l'l'< 'c'alll ions \1"1'1' 1,,1"'11 10 ('IIHIII'I' I hltl , (he H:llll pl"s I1 s{'d 
fClI' tl", pl'('l':ll'llliOIl or I,'s l pi( '(:eH ",,'I'(' Hlinil'i"IlUy 1""llI'I'SPIl­
I:li il'l' of II", llIalc'l"ial II sed in Ih" ]list,nll -cy linder IIHH('lllhli,'s, 
\\ 'hl're vl' l" posHil>!" Iii,!.\' \\'( ' 1'(' Hl' I,'deli ('null the SIUlI,' pi,"'" or 
h"I"h or llml,"l"i,,\, III CaS(,H where lilis Wl1.fl imprlwlienbll', 
1lI;II"l"i,,1 of Hillli l"r "Ollll'OHiLioll \\'aH IlHcd, ,'''1"(' j,,,illg I,,,k,'n 
1 haL "11 ,1' h,'nl I rt'ni 1l1C' IlIH ill\'oln'd II'crn 11lit-(]1ml,'I,Y 1'(']1ro­
dll e" d, A ~ 1 ' lId'y hy 11",.\\,;0., COLI': .I:., J\1"IU\tr"~1 (in:i7) 011 I,he 
" ni"'t.s of iI( ,;tl, l,rl'ntdlll'llt. anc! t.ollll'nrillg on I,h" ('In~tie Illod ldi 
"I' I I\<, HI"c' l" "OII<'('I'II"ri illll,,(,r;L!I'H 1,lll' "igllili"IIIH'(\ or LiIcHO 
(' ffc ' nI :., 

'I'h" 1'1'1,,111 >1 or f iI" "III HI i" IlIodld'l" "11'/1 " "1'1 '1"(,,,1,, 111'1 ' 
:. III1 IIII: II ' II "' c! ill ' 1'"Ic, I, Oil I.h(, 11I'1l1(, lilt , II ): n 'c' IIII ' 1i1. h('ill" '''" 
tlln 1Iltl'lIHtllli,' :11111 HllIfi(1 1I1t ·t IHHI K iK gond. 1.110 di :-;(· I't'I'HI1('i( 'H 

I'Hn'lv l ' :\t',·{ · dill~ 1 or' ~I\:I" It. ;-I('l 'IIH'd dl· ::.; il';lhl(~, hO\\,( · \ ·ul". to 
dC"ici\) ,)11 " l'oll~ i ~(Pnl, haHis for t,hl' "hoil'c of LIlC' aetnal valll!,l; 
In be adopi ed in pr:ll'lieo, l'~p"cinlly as regards the vnlllc's of 
(; and G which arc jlarti{'uln,rly imporl ant in the a)lJlliC'nlion~ 
to tho 8ilnil;l.rily m{'liIorl. Jt was dcciriC'd , aftcreollslIltation 
wi th I'x]lcl'l~ ill till' li('ld 0(' "l ltRlie propcrtiC'R, 10 prOt'C'I' d as 
f()lIo\l'~: 

i) ICol' Ihe llll)(llllllH o r l'igi,lil-,l', 10 nclopl, th(' slali!' yahl c'~ 
1:Ikc'n 01',, 1' n wid" range ur HI I'OtiS, ns being Ihost' 1I10HI lik .. ly 
t.o bc' rcpr(,Hl'nl .tt,il'{, of th" conditions oblaining in pra ctice 
when the ~'ys[cm is s uhjcdl'(\ to tilltitained forl!es, 1 L is 1>C'rl incnt, 
to 110W lhl1t as we are interl'siPd only in the m/io of t he \'nluC's 
of (I for n pair of lllateria ls, (;erta in t}'pl'S of systematic error in 
t i ; .' !",Iic! lll easll/,{' IlI(,llt~ will bc eliminatl!d, 

ii) VOl' Poisson ':; ratio. to adopt the \'alliC's obtaincd hy the 
ultn1son ic method in which this qU il ntity is gi\'cn directly in 
terms of the obsen'cd waye Y(~locilies, This va Inc is likely to 
be eonsi(lerably more aecurale than one deriyed indirectly 
from stat ic measurements of E and G since, as these are deter­
minecl by dill'erenl experiment.al procedures, their ratio may 
be subject. to a systcllmtie error. Dinee EIG = 2 (1 + G) and a 
is normally int(,l~ll\ediale between 1/3 and 1/4, any error in 
EjO would entail an error proportionately 4 or 5 times larger 
in fT , It may be noted, however, that even if the actual value 
of Bla " 'C're somewha,t in error the relation between the loads 
and displnecments would st.i11 help to show up any important 
varia/ivl! in G over the range of stress, so that the static results 
provide useful evidence on tllis point, 

The ultrasonic measurements provide direct information 
on the elaLie isotropy of the material. This was found to be 
sati:;fa ctorv in the case of all three materials considered in 
this invest'igation , 

Thc relationti between displacement and applied force 
gi\'e ll by the extenso meter measurements sho\\'ed a satis­
facto!'? c1('grce of linel1.rity, and freedom from important 
hysteresiti effects, with the exception of the tungsten alloy at 
high stresses, \Vhen t('sted u nder the condition of a rising 
series of values of stress. t.his material exhibited dep artures 
from IinC';tl' it.,v, principally for stresses ,tbove a bout 1600 bars 
(l ,G x to" 'X/m"), which seemed consistent with some dC'gree 
of platit ie d('fol'matioll , Serics taken in descending order of 
~I ress. ho\\'e ,'or, showed .t llllleh clos('r apPl'Oximat.ion to linear 
ll('hayio lll', indicating ,t moduilis reasonably consistent with 
lltal obl;lil1ill,~ 0\','1' Ihc' 10w('l' rango of ~t l,(, S~, i, p, he fore the 
, c, " ';'1',\1 1<'" or III<' ;1110111;110 11' l"'I'Ill:lllc'nt Ret., '.I'h i" point. is 
t','II '1 iet' !' di" 'II "c 'c! ill I Ill' Il<'xl Hc'c 'l iclll, \\'h('I'(' 1\ \',1I'illl iO'1l of t ho 
bala ll<'illg PI'(J""c'hm' 1I ~ .. d ill Iho ~i ll1ilarity 1I11'llcod. to take 
:I(','C\lIIlI. or I hi~ ;lIloll1ah', i,.; clc''<Til\(',1. 

f) /,',/', JI' riJll clI /CI/ lJI e/h od 

,\'; pn'l'iou ... I,I' rl"I<""("',1. t hc ..f'-,', t ,l-c' :lI't';\"; of tIlt' pi'«'OIl­
('I'lillclc'r :I~""IIIj,li,'s , d' IIII' t \10 dilrc'r,'nl lIl:ltcrial" han' bcen 
l'(lIl1l"I C,,' d by diTl;e[, u:llal1('illg 011 It (,O llllllon prl'';SlIre ti,Ystell1 
a, I hi~ is t he' most eonvcnic'n t Jl1C1 Lhod assllllling that two 
('omp}.:l" pn'';S lIrD b,"lanl't's arc n,vailable*. ' 

* 1t s\t(Jl I!tl lw HoLc,l Ihat, t,l1(' bll1nneing proe('s~ is not ill 
il sc'lf fllllclallll ' nia l to til" ~illlilll ri(.\' I'ro('l'dlln', TIlt) I'SSI'II Linl 
cOll,ht ion is t hilL the eqllilihral ing lond~ Oil lho t,,'o ILstiomblies 

Vor the purposes of the present work the equilibrium stl1.1.C' 
of a pislon-('yli11l1er assembly is defined to be that in which Lhc 
pi Htun is falling at such It mlo I1.S eXI1.ct.I'y to (;oll1pensale for the 
yolulllo of fluid lo~t by t hr ,1aLllral lel.kage throngh the intc r­
spl1.ce h('breen the piston and eylindN, 1 n (he caRe of two 
assemblies balanced against one anol Icer, LhcHe conditions 
imply 1 hat there is no movement of fllli(1 throllgh t he e;onnec­
ting line , ,Leaks in other parts of the system lllilst of course be 
can'full'y cont.l'OlIcd if thcRe eqllilibrillm eonditionf! an, to he 
repl'ot\lIcC'd lInallihigllon~ly, The aC(;lIJ'1l cy of 1.ite> 11It11lJ1 ci ng 
prr)( '('HH iH l10rnlally of LIIC orcinI' QC It fi" LJill.1:t.a..i.u...1.f. 

Tho df'jlI'IUit' II (,O of Llw C'il'edivo IU"'II 0 11 [('mjl,·ml.llr" hllH 
boen i'r)lllld 10 hl' nt\eqllalcly l'epn'~c'Il:"c1 hy the IIn'n. (,(ll'rtiC'i"lIt. 
of (,hf'rlll/tl dilltt,nt,iOIl which. in t.ho eltHCl of MIA','I IIHM' l1lhliC'f!, 
n.mollnl,q to It change of nbo ll t 2,:l PII,l't8 in '10"/ "(' , The / 
tompt'mt'Url'fl of t.he piston-cylinder aSHernhli"H \\','1'(' 1ll('!\Kllrf'c.l t e.-~""-
1.0 within n.uout 0,05 °C. · t"":::: --,.~ 
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Fig, 2, Di"gmms of piston-cylinder :>sscmblics (Scalo of cm) 

Some obvious sma.!l corrections to the loads on t.he two 
assemblies may be necessary to account for: 

i) any di fference of level of the two pistons; 
ii) buoyancy effeets due to any submerged portions of the 

piston of other than the working diameter; 
iii) surface tension at the meniscus at the upper end of the 

piston. 
Since the comparison is between assemblies of the same 

nominal dimensions, the corrections involved in ii) and iii) "ill 
normally cancel out, or nearly so. 

Two rather different types of piston-cylinder assembly 
have been used in the present work, and these I1re shown 
diagrammatica.Jly in Fig, 2, a) and b), Units of type a) have 
becn uscd over the range of pressure up to abom 3000 bars, 
the assemblies having nominal effective areas of 0,05, 0,02 
and 0,01 in2* and differing only in the diameter of the piston 
and cylinder bore, The units of type b), which have been used 
mainly for the higher part of the pressure range - i, e. from 
about 1500 to 6000 bars - were of nominal area 0,005 in2*. 

The piston-cylinder units of type a) are attached to the 
support column by screwing into a, collar ShO\l'll in outline in 
Fig, 2, the pressure seal being effected between an I1.llnnlnr 
projection at the base of the assembly and a flut shdf ae tho 
upper end of the column, In order to ayoid any possibilit,y o f 
anomalous eITect.s due to a discontinuit.y ill t he elastir modnlll~ 
at l,ho jllnet,ion , the support column \;til'rl in nti~ol' ia lion with 
lIlly pl1.l'linull1.l' 11.~$cl11bl.l' was eonst.ruetecl of thl' ~al\lo matl'rial 
aR thl' 11~~" lllbl.v itsclf. In Uw units of tY)l" b) tht' housin!!. also 
~hO\m in l"ig, :!, WII S mther dill'orent,. Tho main cylindl'l' block 

sholllci bo detcrmincd for c,rne/lil the same' prcssurc. It. would 
b,' jlo~Hiblc. thOligh 1110rc difticult. to do this by dctcl'llJin inf: 
t hl' load on e1\eh 1\ssembly separately \I'hc'n expo~l'd to <1n 
aecll1'ate1y reproduciblo pressure identi fi,'d. for ('x(\lI\pl(' , by l\ 
phase transition of a pure substancc, If two complcto balnncl's 
wc\'(' not Iwailnulo it, might wcl1 b(l 11(,(,,'&"111',\' to n'l'orl; to somo 
8ueh mdhor!' 

* The llpproximnto nwtrio e'luiYnkntl< liN: 

n,o.) ill" ' n,:;:!:! omz; O,O:! il\~ = O,I~!l <:m2 ; 

0,01 inu ~ 0.OGJ5 e012 ; 0,005 in2 - 0.0322 emz, 
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