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Exercise 1:

Compute the derivative in direction h = (hy, ho)T for the function f: R* — IR
f(x,y) = 2% +y at the point (zg, o) . What is the slope of the function at the point
(2, —3) in the directions given by the straight line 2z + 7y = 37

Solution:

Since f is continuously partially differentiable, the directional derivative can be
calculated at point (zg,yo) as follows:

h
Dy, f(xo,y0) =< grad f(zo,%0), b >= (220, 1) ( h; ) = 2x0hy + ho
The straight line 2x + 7Ty = 3 in parametric form is given by:

g(w)Z(yéj) ) :<3/7—x2x/7>:(397)+x( —21/7)

To calculate the slope, we need to normalize first the direction vector h from the
straight line equation:

":i%(—i/?):i%(—z)

The ascent or descent at the point (xg,yo) = (2, —3) is therefore

2 2 2
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Exercise 2:

Given the coordinate transformation

with (r,¢) € Q :=]0, 1] x } —g, g [

a) Compute J ®(r,¢) and det(J P (r,p)) as well as
b) @ '(z,y), J @ (z,y) and det(J @ (z,9)).
c) Make a sketch of @ and @ (Q).

Solution:

[ x xy \ [ 2cosp —2rsing
3) JQ(T’(P)_(yT y¢)_< 3sing 3rcosg0) ’
det(J @ (r,p)) = 6r

b) So ® represents elliptic coordinates, i.e. it holds

.T2 y2 0<r<1
ﬁ—l—?:?ﬂ > r(m,y):\/x2/4+y2/9: <\/9:c2+4y2> /6
y Jdrsine 3 —I<p<Z 2y
Z = =t = — arctan —=
x  2rcosp 2 ane pla,y) = arctan 3x
T S I AL
’ o(z,y) arctan g_y ’
J @, :(” Ty)
(z,y) o o
29z 2-4y 3x 2y
_ ( 264/922+4y%  2:64/922+4y2 ) _ < 24/922+4y?  34/922+4y2 )
2 2 6 6x
_3x2(1+(2yy/3x)2) 3z(14(2y/3z)2) _9x2—e4y2 922 4492

det (J @ ~'(z,y))
3x 6

B x 2y 6y
2922 42 922+ 42 3./92 + dy? ( 922 + 4y2)
1
v/ 922 + 4yy?

Alternatively:
J @ H(z,y) = (J @ (r(z,y), ¢(z,y))) "

_ 1 [ 3rcosp 2rsing
 6r \ —3sinp  2cosp
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3z 2y
_ i ( 3r/2 2y/3 ) _ ( 20/922+4y%  34/922+4y2 )
Or _y/r I/T - 93:26+y4y2 9126f4y2

1 1 1

T det(J @ (r9))  6r o+ Ay

det(J ® (z,y))
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