Problem 3.39 Follow a procedure similar to that leading to Eq. (3.82) to derive the
expression given by Eq. (3.83) farin spherical coordinates.

Solution: From the chain rule and Table 3-2,

oT o7 o7
OT —xd—+ya—y+ 7
JTOR 0T 206 JTade
<aR ox 96 9x " ag 0x>
Ly (OLIR. o100 9T 00)
JRdy 0060y Jdooy
JrZ(c?T aR oT 09+dT a(p>
ORIz 060 9z ¢ dz

:g<‘”im+dtan (VX2 +y2/2) +f—tan (y/x))

><

ORO0 000
(N0 aryveizs O \/m/z+——tan (v/%)
JRdy 00 dy ay
+2(g;(fz\/m+ggdtan \/W/Hfftan (y/x)>

oT aT z X +8—T -y

0R\/x2+y2+22 00X2+y2+2 /21 y2  0pX2+y?

(dT (9T z y oT X >
_|_7

awm 00 +Y+2 \ 21y 09X +Yy?

L[0T z oT -1 oT
Z@R@w&%+wﬂﬂ“?ﬁ”%%w>
(0T Rsin@cos¢+lecose Rsin6c03q0+ﬂ—Rsinesincp>
oR R 08 R2 Rsing 09 R2sito
+§/<0T Rsin@sin¢+lecose Rsin@sing dTRsinGcosqo)
/R R 06 R2  Rsing 0p R2sirf@
0T Rcos6 JT —Rsin@
(dR R 06 R >

)

N>

_l’_



=X a—Tsineco +0—T70089005¢+0—T_Sin¢
—*\ R ¥t56 R 99 Rsind

+9<0'I'Smesm(p+d'l'cosesin<p ot cos<p>
OR 00 R Jd@Rsind
+2<0Tc036+m-_sme>

oR 060 R

= (Xsin@cosp+ysin@sing+ zcoso) oT

oR
N - . . 10T
+ (XcosB cosp+ycosfsing —2sinf) = —
Rd6
+ (—Xsing+ Yy cosy) ot
¢rycosp RsinB dg

~ 0T A10T+A 1 al
“"r"°Ro6 "®Rsin6 ag’

which is Eqg. (3.83).




