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A NEW METHOD FOR THE 

ABSOLUTE MEASUREMENT OF • 
HIGH PRESSURES 
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Physics Division, National Physical laborato ry, Tedd ington, 

Middlesex ' 
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As part of ~ pl'ogJ'tlomme of work in I,he fiold of 
high-pressUl'e physics, I,he N aLional Physical 

Labomt.ory is now worl{ing on Do ~1'ojoct for tho 
'establishment of sta.l~do.l'ds for tho . mcasuroment of 
high prossuros . 

In practico, most mOflSUl'omonts of high P1'l:lssul'os 
inLonllod to be of the 'groatost procision 0.1'0 made with 

,.gressUl'o balances, or doad.woight gaugos; of the 
fmniliar tYVe in which fi((id PIUSsliI 0 a.ctJllg on a 
piAI.on of l{l1own aron. iF! bala.l1cpd by 0. lon.d appliod 
by man.IlR of ,onlibml,()/l woi~\t 'H. Till) aco\1l'a.Q.Y of 
ftlloh lm!(\llllQI! hILH hill\lll't,o hoon limit.o(l ]Jl'illoipaTiy 
by t,} /loU fit. (~L hi tit /I'OHH\1J'OIl 1.110 isl.on lind t.ho 
oylindor in whioh il. movOil (WO dii<Lorl.od to n.n ox nt 
\\Ihioh is not oo.Rily IIlQn..'HIJ'lloblo. A-f! n. 1'0sul~ of this, 
tho 'offoctivo 0.1'00.' of .1.ho (\s~ell1bry is subjoct to an 
uncort,ainLy whioh is likoly t.o incronso as tho Pl'dBSul'O 
is raisod, , 
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Tho usual mothod o.riopLed in tho }11~sL for tho 
dotermino.tion of the offectivo a1'oo.s of piston-cylinder 
assemblios' has i'oliod on tho uso of high.pressuro 
morcury ' cohunns, but tho rO~11ts of thoso invosLi· 
go.tions have not so fo.l~ given o.ny clon.r or consi~tent. 
indication 'of tho ohangos in offccLive area und~r tho 
influonco of elovat.ed pro!;sures. A now standard 
mercury column of t,his typo co.pablo of opero.ting up 
to about 2,500 atmosphoros has recontly boen 
describod by Bett, Hayes o.nd Nowitt.' , who discuss 
in uotail a number of factors affocting tho accumcy 
likely t.o bo o.chioved. So far, hOWOV01', no rosults of 
moasUl'omonts with this instnunont on o.otual 
bo.lo.ncos hEloVe boon publishod. While it is olear that 
0. well·dosigned high.prossure moroury column is 
co.pablo of tho establishment of high prOSBures with 
considorablo accuraoy, it nevertholoss seoms likely 
to bo a somewhn.t diffioult instrumont to use, mainly 
on account of the long and laborious serios of prossu re 

.transfors which neod to be' made to roach ~~ high­
pressuro range. 
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The purpose of this corrunnnical,ion IS to give 0. 

preliminary description of a now mothod for estab­
lishing the oalibrations of PI'OFlBUl'O balances which 
hl\A rocent,ly been dovelopcd at t,he Nl\t.iotml Physical 
Ll\bOl'llotory. In mel\sw'ing t,ho change of offective 
aroa of a baln.noe as the prossure is I'n.isod, the method 
'makes use of a quito simple principle of similarity at! ", 
appliod to prossuro bo.ln.ncos of j,ho so.mo dimonRions ­
hilt. QnnHI,r\lu~(){l of difful'l'llt !wttol'illl ... j r WI> Qtlli"ititlt' 
two piston-cylinder assomblics of t.ho samo nom.inal 
dimensions but of matorials the 0la8tio constants of 
whioh diffor in a known ratio, then in certain oircum­
stances, considered in more det.ail below, tho dis­
tortions, under appliod prossure, of tho two assemblios 
will remain proportional to one (tonOt,hOl' throughout 
the range of prossure conoorned. Under those con­
ditions. and neglecting small quanticies of the second 
order, we may represent the offective aroa.s A and B 
of the two assemblios at a given pr~ssure in the form 

A = Ao{l + «.[(PH; B = Bo{l + ~.f(P)} . 

In thoso exprossions Ao and Bo aro toho (nominally 
oqual) offoetivo arens at zero proS811ro, IX and ~ nro 
eOllst,(loIlt.s invOI'Aely ]1l'opol'(,iOl1f1.1 to t,lto oir.flj,io moduli 
or (,ho two mf\t,eriIIIR, nlld f(l') is lin lIlIlmown flmot,ion 
of tho j11'OSH111'O, 1'. 'J'ill) mt,io of t,ho two offuot,ivo. 
I)roas will bo giv~n, 1,0 tho fll\&nO on101', by tho ' 
oxprossion 

AlB = AolBo{l + (IX - ~) .f(P)} . 

This ra.tio is easily dotorminou by balmlCing tho two 
assemblios diroctly [1.gallt8t one another, and this 
procedure detorminos tho quo.ntity (IX - (3).f(P) • . _ 
The quantity IX/~ mo.y be obto.inod from direct 
meaSUl:ements of tho olast.i() constants of the two 
mn.torials. Those two procodul'os thus etmble the 
absoluto value of t,ho chl\ngo of effective o.rel\ of e~oh 
of the piston-cylindor ass mblios to be detormined . 

For the thoory outlinod abovo to be valid, a 
numbor of conditions must bo sl\tisfied, bot.b o.s 
regards the materials and tho COllstoHlCtion of the 
I)Ssemb,lies. Since two inclopondont elo.stio moduli 
will he involvod in a somowhat complicated manner 
in the distortion of eo.ch assombly, trne proportion­
o.lity can only bo achioved if both moduli are in the 
same ratio-in other words. the vnlues of Poisson's 
ratio for the two ma(,erials should bo closoly similar. 
As regards 00l18kuction, tho forms of the into mal 
bores of tho oylinders, and of the pistons, must be 
closely similar in contonr, since othorwise tho dis­
tributions of pressure in the gr.p botwoen piston and 
cylinderwill not bo tho Bame in the two assomblios. 
The similarity. prinoiplo also requires that the go.p. 
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widths o.t ?ero pr~ssure should bo inveTl'lOly P)"o­
portional to tho elast,ic moduli . If theso comlitions 
aro adoquatoly met, and tho elastic propel·ties of the 
mGtorials 0.1'0 uniform t,hroughotlt tho mngo of stress 
involved, proportiena.lity of the distortions will be 
assurod. Tlus will remain valid eVOIl if t,he viscosity 
of thoo transmitting Bl1ici is dopondent on prORflure, as' 
will o.lmost oertn.inly bo tho CGse. It ill, however, 
worth not,ing that tho effoct,ive 0.1'00. of a preSflure ' 
11,\1,.110 lt11'y r1o}lPl1d j,o H(lmo p,' ttlllt, I~t high })I'P"!lUtQ/:I, 
on tho viscous properj,ios of tho fluid used . 

The present sories of exporimon(.s at t.he NGLional 
Physical Labomtory is intendod to cover the range 
up to 3,000 o.tmospheros . The two mat,erio.ls so far 
usod n.re a. hn.rd tool steol n.nd l~ spoci[~1 type of bronze 
of high' [,onsilo strength. The strains of tho matoria.ls 
loaded in tension, comprossion and shoal' have boen 
moo.surcU ovor the rango of strosses imposed iII j,ho 
prossuro oxperiment.s. 'rVil,hin t.ho limits of accllrncy 
of thoso moasuroment,H, [.he s( ross-stro,in relo.tionships 
wero linoar and ootlformed 1,0 0. fixed mtio of tho 
olastic moduli of 1·44: 1. Moasuremonts in threo 
direcLions at right. anglos 'which woro made by the 
ull,msonic-wavo volocil ,y mothod, using 10ngiLudinai 
and shoi\r wrWOA, infli c,t j,O(l (,110 Illo.t Ol'inlR 1,0 bo R(\LiA­
f,wj ,l) l'ily if!ol,I'opio. Tho nOOIlI'n,uy of oOlll'ltrullLion of 
tho !\HAUmbliut! it! 1'~l'guly lill1il.o<l by Lho 11.00umllY wi[.1t 
whillh 1,110 oylindo1' bOl\) CI\/l ho nmtIo and mOIl,Aurod. 
Owing to rooont. impl'ovomontR whioh Imvo boon 
m[1.(lo in (,ho Met,l'ology DiviAioll of tJlO Lo.bol'l1.t.ory 
in tho moas\II·omont. of t.ho form [mel dio.moLo1'8 of 

. cylindor boreds, it has provod possible to construct 
piston-oylindel' o.sscmblios Lo tho roquisite prooision, 
and with the roquirod dogroo of similarity. 

Tho rosults of tho pr~s~nt I';orios <:>f mel\BuJ'0~ont8 
show thnt tho mothod iF! capable of fI, vory Ro.tisi'nctol'Y 
dogree of nccul'o,cy o.nd cOllRisLoncy, and ponnits I,ho 
moasuromont of tho variaj,ion in offootivo aroa over 
a wido mngo of prossuro [,0 within 0. fow parts in 10' 
of tho total nroo.. In f!tct, ovor smo.ll rangos of 
pressure, vnrio.t,ions in offoctive 0.1'080 of only a fow 
parLs in 10· of the total area. Ci\n be dotelTI1inod. An 
example of tho rosults obtained is shown in ' Fig. I, 
whore it will bo sccn that a part,icular stcel piston­
cylinder assembly of nominal aroa 0 ,02 sq. in. n1!1.y, 
chl1,ngo in offoctive aroa by an amount, of tho m'dor 
1 part in 2,000 pOl: 1,000 bars of o.pplied prossure. In 
this instance tho chango proved to be a linear function 
of pressure to tho order ± I part in 10' of tho t.otal 
0.1'00.. 

Whilo ~he present sorios of tests is intenelod to 
cover tho rango up to 3,000 atmospheres, plo.ns 0.1'0 

being made to extond this rango to higher pressul'ef! 
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}'ig. 1. Dependence of orr.ctive arell (In rressnre for steel piston-eylinder IlSRelllbly of 
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All fr~r [\/01 I11I\Y bo practicable. anfl Romo furthor 
illt,OI't" .. t,ill),( 1)()f<Ribili(,ioR of I,he Ritniltwit,y mol,hod I~ro 
undlll' iIlV(lHt , i~l~t, il)lI. FilII cLot,nilH Ill' l,hiA wo"'c will bo 
!llliJliHlH11! ill a fll['l ,hut' l"~pOI· . 1>'1'0111 tho Iml.lIl·U of 
(,ho mol,hotl i~ HeornA (,]mt it should bo lr.pplicaiJle ovor 
vil·tU(~lly n.ny I'lmgo OVM which pl'OR811ro balallcoR can 
ho \lRod, ann in which two mlt(,orio.ls having tho 
nOCO!'lsn.ry prop('I'tics n.ro Iwn.ilablc. Tho mn.in diffi­
cult,y in I,ho method residCR in tho construction of 
t,he highly n.ccnrM·o pi'ltolls and cylindor'fl which are 
rcquirOfl. Once thCRO aro nNailablo, t,ho ('xl'orimonto.l 
work in dotermining t,ho nr.rio.tion of effoct,ivo arca is 
ftimp~c. quick !tlld convenient. 

'Vo havo so fltr· (Ioal!. only wil.h t,hc varin.t.ion in 
effective n.rcl1o with prORHlIrc, but at S0)110 point. of 
I,he Rcalo tho offcchvo arcn. mURt be measured in 
n.bsoluto tenns. Thi" link is most eosily mado 0.(. n. 
low preRRuro whoro cliRtort,ion is IUlOwn j,o be 
negligiblo. Tho prol'ont 111"0co(l1l1'0 nt. tho Nn.t,iollo.l 
PhYAien.l LaborM,OI'Y is to \IRO two indopondont 
mothods io obtl1in 1J\iR. J11N1.Rnrement: (a) direct 
moasuromont by Imlu,noing n.t 0. low prC'RSl1re ngalilst' 
n. mercury )11nnomot or ; (b). ~r cOIllJlut,ing tho 
offect1vo o.t'oa from tho moosul'oodimonSlOl1S of l,he 
1118ton ancT cylindor. 

Theso two methods of mon.suremont havo givon 
agroemont to wi thin 2 parts in 10'; but it, iH t,hollght 
that this accW'!],cy can be some ... Vho.t improved. 

I a.elmowledge the helpful co-opern.tion of t,he 
Metrology Division of the Labora.tory, which under­
took the' meo.sUl'ement o.nd eonst.ruction of the speoial 
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piston-cylindor o.ssemblios required, and of the 
Engineering :::lection of th~ Physics Division, which 
determinod the olo.stie constants of tho materials. 

Tho work describod was ca.rriod out as part of the 
research progl'll.mmo of the National Physical 
Laboratory, and this communication lis published by 
permission of the Direotor of the Laboratory. 
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