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Analysis III for Engineering Students

Work Sheet 2, Solutions

Exercise 1:
Given a vector field

g (z,y) = (u(z,y),v(z,y))" = (1,32%)"

a) compute divg and curlg and

b) make a sketch of the vector field and some streamlines in the area
[—1,1] x [-1,1].

Solution:

a) g(z.y) = (u(z,y),v(z,y))" = (1,32%)"
div g =u, +v,=0, rot g =v, —uy, =6z —0=06x

b) The MATLAB commands for plotting the vector field are

[X,Y] = meshgrid(-1:.2:1);
U=X."0;

V=3%X."2;

quiver(X,Y,U,V)
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Figure 1 b.1 Vector field g (z,y) = (1,32%)T
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Streamlines are the curves c(t) = (z(t),y(t))” the tangent vectors of which are
given by the vector field g

(i ) = o0 = (G ) = Cautor )

The MATLAB commands for plotting the streamlines are:

[X,Y] = meshgrid(-1:.2:1);
Z = X.73-Y;
contour (X,Y,Z)

Figure 1 b.2 Streamlines c(z) = (z, 2% +b)’, b € R
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Exercise 2:

Compute the Jacobian matrices of the following functions using the definition

-

(r,y,2) = /zsin(z +y) + e and z,y € R, 2 € R",

(t) = (cost,sint)T and t € IR,

> @

(z,y) = (z +y?, 32? + 4y)" and z,y € R,

w(t,z,y,2) = (v —e¥ 32 —at?, t + 5r +y? +42)7 and t,z,y,2 € R.
Solution:

a) f(x,y,z) = /zsin(x+y) + e¥**

J f(x,y,2) = (fo, [y, [2) = gradf(z,y,z)
= <\/E cos(z 4+ y),/z cos(x +y) + eV 12,

2\1/5 sin(z 4+ y) + ef’”z)
b) g (t) = (cost,sint)"

J g(t) = (91(t),95(t)" = g'(t) = (—sint, cost)”
c) h(z,y)=(r+y%322+4y)’ and z,y € R,

. hlm hly . 1 2y
Jh($’y)_<h21, hgy)_<6l‘ 4

d) w(t,z,y,2)=(x—e""t 32z —at’ t +5r+y*+42)T and t,2,y,2 € R,

Uy Uiy Uly Ugs eyt 1 —evt 0
Ju(t,z,y,2) = | uy usw usy ug, | = —22t —t* 0 3
Uzt U3y U3y U3z 1 5 2y 4

Discussion: 6.11.-10.11.23



