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,,/1 the d,'I',)rlll,ltioll Ill' Ihe ('.\·Iillder. 1\S tIt(' ratio WIR 
is r. irl.\· large' in Ihl' aCllial cast'S eO/1sidl 'l'l'd, the ma.in 
t('rm "xprcssing tIl<' ('.\'Iint!cr dist.ortion i1; proportional 
10 (1. i- ,,)l 8. i. e. to 1/(/ \l'here G i1; the modulus of 
rigidit,y. 

Interprt'!,i!lg I~ as tIll' ql10t ient of t.he two moduli of 
rigidity. \1'1' no\l' h<1\'(' 

i .. 1 - i. 1I - (I IJ + 0 A - 011 
k) (/ . 1 - 0. 1 - Oil 
k) ),.1 .- (kO .. 1 - 011) (:3 J;) 

Ilt-i"l'Illillillg i' l in tl'rms or the dill'rrenee Goeffieient 
i .. 1 l'li es\ahlislll'cl I,.\' the balaneing procedure, the 
\',11111' or k. alld till' ('OIT('('lion tel'lll (kO A - (JII), 

II) gl'/I' nsiun III Ih e nsf'- o/three m((I('.l'il~l.s 
In I IH' fin.:L SNit's of expc'rinH'nLs the mn.t.eL'ial 

adopted ror I he' ('olllparison n~s(,lllbli('s was a form of 
alulllinilllll bronze, kilowil ('ollllllcl'eially as "hydurax", 

t.hn dil-ltor\ ion eodlicient of the assembly chosen, i, e. 
8, without, nny appeal to the clastic constants of i.he 
material of 8. These three derivations arc not enLirelv 
independenL hut, since the six independent ('Ia~Lie 
modu li, involve five independent ratios, no one resu lt 
is in gcnem! deducible from the other two, Procce(ling 
on the lines of equation (3.5) and denoting by ).s . , . 
the trlle values of t.he distortion coefficients, Os ... 
the moduli of rigidity, Os " . the corresponding 
corred.ion terms given hy equation (3.4), Asu ( = 
As - An) ... Lho (liffercnce coefficients det,ermincd by 
t he balancing cxperimcnts, and kSJI = a IJfO.';, .• , wo 
have fol' the t·hree possiblo experimen~al values, A~, 
I.,; and A~', of A," the equations 

A~ (leus - 1) = AilS - On + klJ::; Os 

for the direct comparisons, and for the indirect 

(a.G) 

(3.7) 

tIll' llloduhlS of rigidity of 
",hi('h was !O\\'('L' than that 
of i:itee! in IIH' ratio I: I.--I-,L 
The Poisson's ra t io was 
rat lH'r lliglH'1' t han I h;t\ of 
stel'I (s('e '1':1 1>. I for 1'111'1 her 
tid ail,,). II was apparent 
(hilt. ,t dll'C'k ill\'o lving it 

third material, differing 
tilrlnil<1nl ia Ily in "In,;tic prop­
Cities frOIll t 110:;e lIi:ied hith-

Tn-ble J. Sllll/1l1ory 0/ ela;;lic const(tnts 

Moduills ofl'i~idity (0) 
(d.Vn /CI1\2)* 

'loung's modulus (iJJ) 
(dynjem~)* Poisson 's 

ratio (a) 
(Ulirn~onic 

plll~c 
method) 

TOl'tiion ! Ult ra~onic ]<;XlcIlRol1leier 
ll1ciho!] 

(mcnn of results 
for tcnsion n-nd 

compres.sion) 

Ultmsonic 
pulse 

mcthod 
cxtcnsoilleter pulse 

Illet hod I mcthod 

I 

,·tcclA,K..9) 
(bardcm·cJ 

I.o:J.?dtcmpel:ed) 
7.86 x 10" 1 7.92 x 10" 20,6 x 10" 20.5 x 1011 0.295 

erto, would providc a valu­
able Lc-sL of the accuracy or ,\lulllinium 
ill(' ,.;illlil:tl'it.y l11et.hod. ,'\n hronw [j.45 x 10" 1i ,3tS x 10" '14,4-. x 1011 14-,33 x 'tO" 0.:33:3 
cv('n lId tel' cheek wOllld ("hydlll';'x") 

"nallll'ilily he prO\'id('(l b,\' a 
(:umpletC'iy independent. 
p.il'ofmatt'l'iab. This In.ttCl' 
cxtelli:iion has not,;o far been 
found practicable as the 
choice of materia];; possess­
ing nil Lhe qnalitic!j requi­

'J'ungskn alloy 
("GEe hcn-vy 
mctal" -

specific gra.vity 
18) 

13.55 x 10/1 114.26 x 10" 36.1 x 10" 36.7 x 10" 

* 1 dynjcm~ = 0.1 Njm'. 

red is limiteel. It has been found possible, however, to 
extend the procedure to include three lll<1terials, thc 
third being all alloy of tungsten known commercially 
as "GEe Hcn,v,V" :\letal" . This material proved to ha.ve 
;1, high degree of isotropy and a Poisson's ratio very 
close to that of the material used for the steel assem­
bliei:i. 1'1 e clastic moduli exceed those of steel in n.bout 
the ratio 1.73: 1 and it was of advantage that in this 
<:a:>c the comparison should involve a material having 
a. lll()(llllus higher thnn that of steel in contrast to the 
former comparii:iol1i:i in which the reverse held . 

In c1i:-;cui:i:;ing this extension of the method it will 
be cOlwenient to refer to t.he steel, bronze and tungsten 
.1~~(·1ll bli .. s by I it(' inil i;lll"t \ 1'1'''; 8, fl ,tlld rl'l'espcet.i\'cly, 
\\'i t It a ;crollj) ()f' t 1""'1' Ill;t\, 'ri;tis, Lltl: di s\o l't .ioll C!oof'fi­

,·j'·llt III' "iiI' 1I1i" a ,,;s '·lId.lI ·. S; I I ' 8, 11l1, \ ' I ... 1'1'1(1'111'<1 l,y 
lit,,·,· oIi tf,:I ·, ·"t 1'11111, '''' 1'"" ;.1' Lit, ·,,; ,Ii,"',·(, I. ;'. 

;:1\ 01\ Illg dil'l'd """III;II'i"OI'S \l'it I, fit,' IIlitl'I' \ \"" 
';"" I:i11il,'s Ii ;lIHl 'I' · :11111 t IILl oLhl' I' intiirl'd .. III t.hc 
, .. " I' I'r')('l'til lJ'(' the di,.;tortion cocClicil'lIt of OliO of' 

I It " Iii II<'I' 1\1'" a,;:-;C'1Il11Iil'';, :-;ay '/' , i:; iirs\; ciC't,C'l'Illille(l 
"" ;\ ppI.I'i n)!, Lite si III illl ri L~' pri Ill:i pic t.o IJ ;t lid ,/1, nlH1 

!:" "llI'fl i"i"llt for 8 IS \.IlC'1l ol>t.iLilll~(l by I-lim plo Ilrldi -
• ,"II or t Ite dilr"I'l:I1(:,: (;()(,nil'il'lI\ for ~ lind 'i'. I t is or 
('I'T'· ... 1 to note tltaL I.he inLiirec;t ]Jl'occ(ll1l'e lea.d:; 1.0 

),~' (kIJT - 1) = I'BT - 08 + kBT 07, + ).ST (kBT - 1). 
(3.8) 

Transposing these equations and making 
the subsidiary relations 

k ns kSIJ = 1 . . . k BS kST kTB = 1 ; 

Ans = - ASB . . . 

we eventually obtain 

use of 

(3.9) 

(A~ - A~') (1 - k SB ) = (A~' - A~) (kST - 1). (3.10) 

Since (1 - k SB ) and (kST - 1) are both positive it 
easily follows from this equation that the three values 
I.~, I'~ and A~' must either be all equn.l or all unequal, 
n,nd that the indirect value ).~' must be interllledi<1te 
bl't.w('C'1l I.il(' Lwo diJ'(~( :t vailles, whatovol' \.110 1tn.\.\ll'O Ill' 

Lil (l (,~p\'l'ill\(lIlLal (1 I'I'ClI'H*, Tilo pl'll(,j,i<:n.ll-ligllilil·IlIIl'" Ill' 
\'B l'i()IIH I lilHHil.Jll IlITIlrH iN I xlllllilHl(l ill mOl't' dol.lli! ill 
til'd.il)JI . ~ II). 

c) D c/erlllina/ion 0/ elastic C01I,~/allts 
Tho elustie cOllsl.:1.nis utiliscd in tho inYcstigation \\,(,(,0 

111 OllSUI'l,tl ill 1.110 ~Ln'"gt.h of l\'1nioril\ls I:kct.ion of till' Bnsiu 

* \\'0 iglloro "U~l'H \\'111'1'0 (l it.h(\(' /"'S/I 01' k.w i~ so oloHo to 
nniLy Lhi\.L oxper'illh,nta.1 OI't'OI':4 n\i~hL ClHl$O a. l'hnn~" of I'\ign 
of (l- l:slJ) or (b,,-i) Hi I1l'l' HIl(,h l'Olldit.iollS would not bo nOl'l'p­
t,~bl(l liS 1\ hll~i" ror th" similarity mothod. 
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