MP201 — Vector Calculus & Fourier Analysis

Problem Set 4
Due by 5pm on Friday, 20 October 2017

(Please write your name and tutorial day on the front of your assignment.)

1. Compute the Laplacians of the following scalar fields and determine their
values at the point (2, —1,1):

P(z,y,2) = gz +2)%
Q($,y,2) 279\/1:24’:'/23

R(z,y,z) = e *Y*.
2. (a) Compute the divergences of the following vector fields:
i(z,y,2) = (2°+9°)i+32y%+ 3207k,
xi +yj+ 2k

(x2+y2+22)3/27
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siny + jcosz — ktanz.

i(z,y,2) =
W(z,y,2) =

(b) Compute the curls of the vector fields given in (a).

3. Determine which (if any) of the following three vector fields are conserva-

tive:
A($7y72) = _sza
B(z,y,z) = —y%—2ayj+ 2k,
é(x,y,z) = 2i—vyj+ zk.

4. (a) Let f(z,y,2) be any scalar field. Prove that
V x (ﬁf) = 0,

(b) Let A(z,y, 2) be any scalar field. Prove that

V- (ﬁ X ff) = 0.

Note: by “any” I mean to show that the above are true no matter what f
or A might be. Don’t assume that either one has any particular functional
form.



VECTOR CALCULUS

In Cartesian coordinates (x,y, z) with constant unit direction vectors i, j, k:
e gradient of a scalar field f(z,y, 2):

L 08, or or
Vi o= gy tig, kg,

e divergence of a vector field /T(x, y,2) = Az (z,y, 2)i+ Ay (x,y, 2)j+A. (2, ¥, z)/%
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V-A =

e curl of a vector field ff(x, y,2) = Az(x,y,2)i + Ay(x,y,2)] + As (2, y, z)l%
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Vector calculus identities:
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e Laplacian of a scalar field f:
Vif=V-(Vf)

e Curl of the gradient of a scalar field f:
Vx(Vf)=0
e Divergence of the curl of a vector field A:

V- (VxA)=0

° gurl o£ the_‘curl gf a vector ﬁeldﬁ/f:
Vx(VxA)=V(V-A)-V3A



