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Exercise 1:
Verify Green’s theorem for the vector field
f(x,y) = («® + y,sinz)"

and the area G enclosed by the function y =1 — (z — 1) and the = axis.

Solution:

Gi={(z,y)  €eR*|0<2<2,0<y<1-(z—1)%}
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Figure 1: Area G

Parameterization of the boundary of G by:

cl(t):(é), cz(w:(l_(f_l)z), tef0,2] = 9G=ci—cs.
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Exercise 2:

Given the saddle area

S={(z,y,2)" eR’|2*+¢y* <4, z=wy} ,

a) derive a parameterization of S,
b) plot S using the MATLAB function ’ezgraph3’ and

c¢) calculate the area of S using a surface integral.

Solution:

a) We describe two parameterization variants:
(i) Parameterization in Cartesian coordinates via the function graph
p(r,y) = (z,y,zy)" with 22 +5* < 4,
(ii) Parameterization using polar coordinates
q(r,p) = (rcosp,rsing,r?cospsing))’  with (r,¢) € [0,2]x[0, 27].
b) For the drawing with MATLAB we use the parameterization q

ezgraph3(’surf’,’r*cos(s)’,’r*sin(s)’,’r"2*cos(s)*sin(s)’, [0,2,0,2*pi])

X= rcos(s),y= rsin(s),z= r2 cos(s) sin(s)
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Figure 2: Saddle surface S
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¢) The calculation of the surface of S is simpler by using the parameterization
p and then switching to polar coordinates using the transformation theorem.
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The alternative solution using the parameterization q :

o €1 €7 €3 e e, es
99 g _ . . B . .
3 X5, | sy sing 27 cos @ sin ¢ =r| cosp sing 2rcospsing
" ¥ —rsing rcosg 72(cos?p — sin? @) —sinp cosp (1 —2sin?y)
rsin (1 — 2sin? ) — 27 cos? @ sin —rsin g
=r| —(rcosp(l —2sin? @)+ 2rcosgsin®p) | = r| —rcosyp
1 1
P 9 —rsing
—qx—q =||r| —rcosp =7rv1+r?
ar Oy 1
2 27 5 2 27
= /dO://‘a—q Hdgpdr //7“\/1+7"2dg0d7"
r
0 0 0 0

Submission deadline: 2.2.2024



