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Recall that thd_aplacian is defined as
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1) CalculateV? f were f(x,y, 2) = xy*2>.
2) ComputeV?v wherev = 4zi + zyzj + 2°k
3) Consider the two vector fields

r(z,y,2) = ri+yj+zk
s(z,y,2) = zi+aj+yk

Calculater x s,V xr,Vxs, V-r,V-s, V- (rxs)andV x (r x s). Use all these
results to demonstrate that

Vi(rxs)=(Vxr)-s—(Vxs)-r

and
Vx(rxs)=r(V-s)—s(V-r)+(s-V)r—(r-V)s

4) In lecture we showed how to compute the gradient of a sdilar in spherical and
cylindrical polar coordinates:
of . 10f. 1 Of -
Ei—F ;%Q—F rsin€8—¢9
_of,. 10f, Of
Vf = Ei—i_ ;%Q‘F ak
Use these results to determine, in both spherical and eydmgolar coordinatesy f (z, y, 2)

wheref(z,y, z) = z and hence show that

Vf =

i =sinfcosOr + cosf cos ¢Q — sin ¢é



