PC10372, Mathematics 2
Wor kshop Sheet 5 Solutions
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1) —gxé =0, _gng = 2223 and —gzéc = 6zy’z SO
V2 f = 222° + 6xy’2

2) 7% =31k, ¥ =0and I¥ = 0 s0

Byg 022
Vv = 3zk
3)
ijk
rxs = |z y 2 :i(y2—:z:z)+i(z2—xy)+k(x2—yz)
z x oy
iy k
o 9 9
VX£ = D 6_y 92 =0
x Yy z
i j k
Vxs = |4 & & |=i+j+k
z Ty

Substituting demonstratesthat V - (r xs) = (V xr)-s — (V x s) - r.

i J k
0 0 0
VX(EXS): Or oy 0z

v —zr 22 —ay 2’ —yz

= i(—32) = j(—32) + k(-3y) = —3s



r(V-s)—s(V-r)+(s-V)r—(r-V)s = 0—3s
+<zg+x£+y%> (wi+yj + 2k)

ox oy
0 0 0 ..
— (x% + ya—y + z$> (21 + xj + yk)
= —3s+ (zi+zj+ yk) — (zj + yk + zi)
= —3s

showingthat V x (r xs) =r(V:-s) —=s(V-r)+(s-V)r—(r-V)s

4) Cartesian: f =z, Vf =i A

Cylindrical polar: f = rcosf, Vf = cosfr — sin 00 A A
Spherical polar: f = rsinflcos ¢, V f = sinf) cos ¢t + cos 8 cos $p8 — sin p¢

Since the results must be independent of the coordinate system, these results must al the
same so equating the Cartesian and spherical polar results gives

i =sinfcosOr + cos 6 cos (;SQ — sin gbé

as required.



