Solutions to Homework Problems on Page 77

1. :

(a) v =(z,y). divv =1+ 1= 2. To get a representative graph of this
vector field execute the following commands in Mathematica:
<<Graphics‘PlotField*

v ={x, y};
PlotVectorField[v, {x, -2, 2}, {y, -2, 2}]
The output is shown in Figure 1.

(b) v =(z,—y). divv=1—1=0. See Figure 2.
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(c) v= <\/12+y2’ T Then div v ‘9“”(\/W) + 75 ( \/W)
_ y27z2
To determine this divergence in Mathematica execute
<<Calculus‘VectorAnalysis*

SetCoordinates[Cartesian([x, y, z]];
v = {x/Sqrt[x"2+y~2], -y/Sqrt[x~2+y~2], 0};
Simplify[Div[v]]
See Figure 3.
(d) v = (siny,cosz). Then, divv = af;;y + 3%—0?}” = 0. See Figure 4.

(e) v =(Iny/z*>+y? y). Then, divv =1+ z{-5. See Figure 5.

2. Let f be any function of z, y, and z. By definition
Af=V-(Vf).

But Vf = (%, g—i, %). Hence,
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3. (a) Let f = 322 — 4y%. Then Af = —2. (Try Laplacian[3 x~2 - 4
y~ 2] in Mathematica.

(b) Let f = £. Then Af = 24.

T

(c) Let f = sin ﬁ Then Af = W ((x2 + y2) cos zziyz — sin mziyz).
(d) Let f =In(2? +y?). Then, Af = 0.

(e Let f = \/.z‘leyZ Then, A_f = W




(f)

(a)

Let f = arctan?. Then, Af = 0. (Try Simplify[Laplacian[ArcTan[y/x]]1]
in Mathematica.

div (pv) = pdivv + v - Vp.
Proof: L.H.S. = div (pbfv) = div ({pv1, pvs, pv3)) = %-{—%Zz)-{—
9(pvs)

=5, We now use the product rule of differentiation to get
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which can be regrouped as

p %-{-%-{-% + %014-%’02-{-%@3 .
ox Oz 0z x Yy 2

The above expression is equivalent to the R.H.S.
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Figure 1: Vector field v = (z, y).
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Figure 2: Vector field v
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(siny, cosx).

Figure 4: Vector field v
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(Iny/22 + y%,y).

Figure 5: Vector field v



