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, By subs~ituti~g for d"' its. value i? (56), ~e obtain .expressions for a, .8, r depending on ,the sums ofasextuple ':'~~~~i
mtegral and a trIple mtegral, the IntegratIons havIng to be performed from -00 to +00: .!:"J~:;,' ,

, ,"'.,iI! { d [ -I J'ff x' (x',-.:-.x')+ Y' (Y"-Y')+z'($"-s') ] , } \;,;;;,~:c~' t 1n , ., dx'd d$'+X" dx" d "d$" , \c"'~,rr~..

a = ~ ' .tY ' .c:~ -:.:y~~

.V[(X-X')2+(y- y')2+($-$')2] .:;~
~ .',";;ii"';:rf' d

[ -" ff " -+ ' " -' + ' " -, ] ,.",~~ I r m --"0 I ~ (:: .x') Y (y y ) z ($ -$ ) dx' d d$' +y" 1 dx" d " d$" ::~'t~:,~
.8 = ~ tY (61) :t:f~~

v
[( x-.x' ) j+ (y - y ') 2+ (.1'-$' ) 2] , ,,)'!:fl , ., " ':;;!i'~~

.
iIf { d [ -I ffJ ..X' (x" -.x') + y' (y" -y') + Z' (z" -.I") ] . } , c;,'::.~;'c;;'~

r = * ' -dX"dy':d$!'. ' '.!~;!l.~r{~

, ..V[(x-X')2+(y-y')2+($-$')2} ..: ';~I

Lord Kelvin shows how to simplify these se~tuple integrals; and obtains the following general soiution for the .-:~';~~:~
displacements produced by any distribution of force through an infinite elastic sqlid filling all space (limits of integration \.;',,~j
as before -00 and -:00) : ' iJ'(fj

fff ( ) X ' ' ' t'~.;1

, I 2 2m+ 3n ' ,';\,.~

a = 2
4 7fn (111+n ) { 1/ [( x-x' ) 2+ (y ..:.v')2+ (.1'-s' )2] ., .,;~t:'~

- d X ' ( ')+ y ' ( 'J+Z ' ( ')} c.;;~ , --, 2 -, 2 -, 2 -x-x y-y $-$ , , '::!:.;;

, .In[(x x)+(y .y)+($ $)] d [( ,)2---'( ')2 ( ')2]"/i dxdyds' ',-co\,:I x x-x + y-y + .1'-.1' ,;,'",!",~!j

i fff{ 2 (211t-+-3n) y' c , .":;'!ii ;

.8 = ;47fn(/n+n) ""i7rr;=~~-:(;= y')2,-:(;~ 1 d X'(x-x')+ Y'(Y-;)~'z(~-.1") } " ; , (62),.~~

-11/[(X-X) +(y-y} +(.1'-.1')]d;; -[(;-x,)i+(y-y')'+(.1'~ d~ dyd$ ,~: :~"t,,",

r = -I !!! r 2 (21n+3n) Z' -" , .' ;; "~i!:~;~~;-;,;f..tt~ -
2 tfn 111+n 1/ x-x' j+ -I' 2+ .1'-.1" 2 ' " , '.', ."",!il;r

4 ( ) t-[('*-)'2(Y ~)'2( -)}2 ~X'(x-.x')+Y'(Y-Y')+Z'(.1'-.1") } , ~:;~;1::-;::';,~~!'"i

m[(x x)+(y y)+($ z)]
d ." '[( ' )2 ( ')2 ( --')'} "Ii d.x'dy'd$.""t"'".;":'i l?; z x-x +y-y +.-» ' ' ,.j.-;.c;.,",,'~..

This \V hole investigation is based upon the integrati~n following equations are satisfied :. " ." ":~.i";~\i~~;~:;::'ji~i;

c ,; c, c,~',

of ~he ?ene,ral eql!ations for ,~n infinite isotropic; elastic solid: Oy Oz (dV/dx) OX- X (}x Oy (}$ = ° ::'(;;t;;,,"C :~::~:~
\vhlch ImplIes that the densIty throughout all space shall be Oz Ox (dV/dy) (}y:.- y (}x Oy 0$ = ° '-:i'\"j'- (6 S) 'c:~;:,
equal to (! as d~fi,ned by" ~46). ,Ox Oy (dV/d$) (}$ -zd'x d'y (}.I' = o; ',~, ; 'i ,::ii:i~

Lord Kelvl11 s definItIon of X, 1'; Z as any arbItrary. , ...c .c,);:'
fltnctl '

ons h t f ( ) 'th d ' t . d whIch gIve the necessary and sufficIent condItIon for the :'!/,"\V a ever o x, y, z, el er Iscon muous an va- "'I' , ' .' ' ' "f:;
nishing at all points outside some finite closed surface, or equl Ibrlum of any fluId mass. -' , : : C;fi~~

conti~uous and. vanishing at all infinitely distant I;'oints with dV/dx = X ~V/dy =" y .~ ~V/d$ ~ Z; ..(6,6").,:tf~~

sufficIent convergency to" make the product of theIr resultant' From these equatIOns we, obtaIn Immedlately ,~;,',.Y2
R = V(X2+ y2+Z2), by the distance dV = dV/dx.dx+dV/dy.dy+dV/d.1'.'d$ " ,- :::~i'~;

r = V[(X-X')2+(y-y')2+(.1'-:S')2} = (> (Xdx+ Ydj+Z'dz} ., :: ' (~7)'~~~

namely Rr,converge to zero as r approaches inflll\ty, implies This equation sho~s that Xdx+ Ydy:+Zd$ is the cO~pleted!~]
that the density may vary through changes in the differential d}fferential of a function V (x,y, .I') of three ind~pendent.,v~;;~~ ~,
elements dX/d.'1:+dY/dy+dZ/d.l' = \?2U7 (63) .rlables, or may be made so by a factor. PhysIcally thlS IS c~~
as sho\vn below, equivalent to concluding that the pressure in the.fluid is along",f~

Bl!t no other changes than those in \72 ~ the Laplacian the lines of force, and thus a series of surfaces exists which cuts :~J,
operation on the potential can occur; and even this is chiefly the lines of force at right angles. If the forGes belong to ,".;:,;
at the boundaries of solid bodies. Accordingly it becomes a conservative system, say when a gravitational mass has ,,~;%~
advisable to investigate these possible changes a little more attained a state of internal equilibrium, as iri the theory of the .::','~~

closely. figure~ of th~ heavenly bodies, no factor is require.d to:render'~:~~
12 G t ' I d Ph ' 1 C . d . t . h . h the dIfferentIal complete, and we may put. c,,~.eome rIca an yslca on 1 Ions w lC ' , c,.":~the Forces generated must satisfy. -Xdx+ Ydy+Zdz= -:.d V ' (68}1~~

Suppose X, 1'; Z to denote the components of the forces or by (67) dV = -,Q d V. " ".(69} ,~!,;~

acting on an element of the solid d,1l = (> dx dy dz, temporarily This expression shows that the pressure V is cbnstant over \;:

imagined to be fluid at (x, ~1.' z), reckoned per unit of the the equipotential surfaces, .,'
mass. Then'the difference of the ?ressureson th~ t~o faces (! = -.:dV!dV (7°)' ,;!;!,1

0), 0$ of the rectangular paralleloplped of the fluId IS' anQ the density also is a function of the potential V. This ',;,'
0), 0$ (dV/dx) dx (64) condition arises \V hen the density of the body is' uniform, ;,~1

and this fluid element will be in equilibrium when the over the equipotential surfaces, for the dis~ribution of force "'::~!~';-
: ' ~\j:;\
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