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::iovoml onrly al,Llllllpls to mtlatlllro these di8tol'tio" ell'eds 
by tho use of high pressure moreury Illn110lllot.crs of val'iOlls 
forms led to vcry inconsistent conclnsions as to the ordcr of 
ma.gnitude of the effects to be cxpccted (HoLnoRN &, SCHULZ"; 
1915; CRommLlN &, SMlD 1915; KEVJo;S &, DEWEY 1927; 
lIb,YERS &, JEssur 1931; B~;ATTm & EDEL 1931). 1I1IClll;r-s 
(1923,1924,1932) has discusscd o.pplico.tions to the cliffcrcntio.l 
type of piston·cylindcr assembly. The most rcccnt, o.nd by far 
t.ho most comprehcnsive, investigntion of this kind is that of 
NEWITT o.nd his collcagucs, using!\ 9-111 prcssurised diffcrcntial 
mercury manometer inst.o.llcd nt thc Impcrio.l College of Science 
and Technology (BE'fT, HAYES & NEWITT 1954; BET'l' &, 
NEWITT '1963). The mco.suremcnts, covering l\ rangc up to 
700 bars*, were difficult, o.nd thc resulting di~tortion fnctors 
for six pressurc ball\nco asscmblics of simiJo.r dcsign vo.ricd 
n.mong thcmselves by much 11101'0 tho.n would bo cxpccted 
from their construction. It seems that more extensive datl\ 
will bo necessary befol'o 0. fil1l\lasses~lllent of the high pressul'O 
Illcrcury colutllll can be nmde. ]tOffiUUOK ,y, CUAM (1937) Imd 
ROEBUCK &, IBs~a~ (1954) have dealt with 0. recent develop
ment of tho multiple-column type of mercury mo.notlleter 
covering the range IIp to about 200 bars. 

The distortion errors of the "controlled-clearance" type 
of pressure balance lIsed at the National Bureau of Standards, 
Washington, have been considered by JOHNSON &, NEWHALL 
(1953) and by JOHNSON, CROSS, HILT. & BOWMAN (1957); (see 
also BENNETT &, VODAR 1963). It is hoped that the results of 
direct comparisons between the methods of calibration deve
loped at the NBS and the NPL may be available in the near 
future. Accounts of the distortion errors of various designs of 
piston-cylinder assemblies from the point of view of elastic 
theory have also been published by ZUOJWVSKIT (1960) . 
SAMOILOY (1960), EBERT (1935, 1949, 1951) and TOYOSAWA 
(1063, 1964). These o.uthors, however, give primo.ry attention 
to the est.o.blishment of the distortion fo.ctbrs by calculn.tion 
rather than by expcriment. The present paper, on the other 
hand, describes direct experimental methods which are inde
pendent of other pressure standards, and practically indepen
dent of d€lto.iled elastic theory, to which appeo.l is made only 
in the calculation of small correction terms_ 

2. Formal Thoorotical Basis 

a) General 
As a basis for discussion of the methods described 

in this paper it is useful to develop a number of formal 
expressions for the changes of effective area of a 
piston-cylinder assembly consequent on the distortion 
due to the applied pressure. Initially, these formulae 
will not involve any assumption as to the form of 
distortion; later, however, the results of introducing 
certain simplifying assumptions will be examined. 
Unlcss otherwiso statcd, it is a.ssllmcd only that the 
piston nncl cyl indcr areinitildly stro,ight and coaxiltl, 
that, Lhol'O iH eil'(llilltl' HytrlmoLi'y in all planes POI'POIl

dicll lM j,o 1.11\1 axiH, lI.nd t.Itat. Lito 1'1'(\1'41-1111'0 l,mnHlllit.l,illg 
Huid ill Lito in(,eI'liluteO 1l0WH ill al:COrdl~lIco wiLIt t,ho 
normal Jaws of viscosity. 

The essential features of the system are shown 
dia.gramma.tically in Fig. 1. The upward force due to 
the fluid pressure P applied t.o the base of the piston, 
corrected for the forces due to the pressure and 
movement of the fluid in the gap between the piston 
and cylinder, is balanced by the total downward force 
due to the load, W_ We denote by rand R the radii 
of the' undistorted piston and cylinder respectively, 
u(x) and U(x) the increases in these radii for a total 
npp\il'd pressure P, p(x) the pressure in the interspace, 
~\U :! h(:c) the radial separation, at the axial distance 
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small compared "iovi.th r. j> and p are always to be inLer
preted as the amonnt by which the actual pressure in 
the system exceeds the. ambient pressure - normally 
atmospherie - to which the balance is exposcd, and 
the effective area as a factor of dimensions L2 which, 
when multiplied into the total applied pressure, gives 
the total downward force provided by the load which 
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}'ig. 1. Diagranunatic sketch of piston-cylinder assembly (clearance shown . 
greatly oxaggcrated). -- Ullflistnrtcrl boundaries of pi.ton nn1 cylinder, 

- - - Distorted boundaries of pis ' on and cylinder 

is required to maintain the piston in equilibrium. For 
small applied pressures when distortion is negligible, 
we have from elementary cOllsiderations, 

Ao = n1'2 (1 + 2 H/r) (2.1) 

neglecting second and higher-order terms in 2 H/r, 
where Ao is the effective area at zero pressure. 

To obtain the more general formulae when dis
tortion is present we note that the fluid forces acting 
on the piston have the following components: 

a) upward force due to applied pressure on base of 
piston 

Pnr2 [1 + 2 u(O)/r] ; 

b) upward force duo to fluid friction on flanks of 

piston )1 ( l) 
2n1' - Ii .~J!.. (ix 

tJ.~ , 
o 

I 

= 2 n1' S l--d(pll) + .J!.. (dU - .!!::")] rlx 
dx 2 d.c dx 

o 
c) upward force due to vertical component, of ap

plied pressure on flanks of piston 
t .) 'f dll . . d ~ 1tI. Pdi ,r. 

o 
Thus the total upward force act.ing on t.ho piston is 

1 

Pnr2 [1 + 21.(,(O)/r] + 2 nr J [_ d(!~) + 
o 

+ 1?. (dU + d1£)] dx 
2 d1£ dx ' 


