
Werkcollege 6

1. Find the stationary points of f(x, y) = 2− x2 − xy − y2 and for each of those stationary
points, specify whether it is a local minimum, local maximum or a saddle point.

2. Find the stationary points of f(x, y) = 2x2+2xy+2y2−6x and for each of those stationary
points, specify whether it is a local minimum, local maximum or a saddle point.
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3. Find the stationary points of f(x, y) = 4+ x3 + y3 − 3xy and for each of those stationary
points, specify whether it is a local minimum, local maximum or a saddle point.
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4. Find the stationary points of f(x, y) = (x2 + y2)e−y and for each of those stationary
points, specify whether it is a local minimum, local maximum or a saddle point.

There is a typo in the last Hessian matrix. The element h11 should be 2e−2 (instead of
e−2) and the determinant is then −4e−4. This implies that (0, 2) is indeed a saddle point.

5. Find the stationary points of the following functions.

(a) f(x1, . . . , xn) =
∑n

i=1 e
x2
i

Answer. We have
∂f

∂xj
= 2xje

x2
j
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Since ex
2
j > 0, we have

∂f

∂xj
= 0 iff xj = 0

So there is only one stationary point which is (0, . . . , 0).

(b) f(x1, . . . , xn) = ln (
∏n

i=1 xi), where x1 > 0, . . . , xn > 0

Answer.

We have

ln

(
n∏

i=1

xi

)
= Σn

i=1 ln(xi).

So
∂f

∂xj
=

1

xj

Since xj > 0, then
1

xj
> 0

and ∂f
∂xj

is never equal to 0. So f does not admit any stationary point.

(c) f(x1, . . . , xn) =
∑n

i=2 x1(xi − 2)2

Answer. We have
∂f

∂x1
=

n∑
i=2

(xi − 2)2

Since (xi − 2)2 > 0, then ∂f
∂x1

is equal to 0 at a point (p1, . . . , pn) iff

p2 − 2 = 0 and p3 − 2 = 0, . . . and pn − 2 = 0.

So the first constraint ∂f
∂x1

(p1, . . . , pn) = 0 for stationary points is equivalent to

p2 = 2, p3 = 2, . . . , pn = 2 (1)

Now if j ̸= 1, we have
∂f

∂xj
= 2x1(xj − 2)

So if j ̸= 1, then ∂f
∂xj

(p1, . . . , pn) = 0 iff

p1(pj − 2) = 0.

Since pj = 2 (from (1)), then we already have that p1(pj − 2) = 0. So the stationary
points are points of the form

(p1, 2, . . . , 2)

and the set of stationary points is given by

{(p1, 2, . . . , 2) : p1 ∈ R}

6. Find the Cartesian coordinates corresponding to the following polar coordinates:

• (r, θ) = (2, π)

• (r, θ) = (1, π2 )
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Solution.

• The cartesian coordinates are (−2, 0).

• The cartesian coordinates are (0, 1).

In both cases, it is easier to plot the points and derive directly the cartesian coordinates,
instead of using the formula.

7. Find the polar coordinates corresponding to the following cartesian coordinates:

• (x, y) = (0, 2)

• (x, y) = (1, 1)

Solution.

• The polar coordinates are (2, π2 ).

• The polar coordinates are (
√
2, π4 ).

8. Describe the following areas using polar coordinates:

• A = {(x, y) | x2 + y2 ≤ 16}
• A = {(x, y) | x < 0, y > 0}
• A = {(x, y) | 1 ≤ x2 + y2 ≤ 16, x > 0}

Solution.

• The area A contains all the points inside the circle of radius 4. It is described as
follows in polar coordinates: {(r, θ) |0 ≤ r ≤ 4}.

• The area A contains all the points in the second quadrant. It is described as follows
in polar coordinates: {(r, θ) | π

2 < θ < π}.
• The area A contains all points in the first and second quadrants, that are between
the circle of radius 4 and the circle of radius 1. It is described as follows in polar
coordinates: {(r, θ) | 1 ≤ r ≤ 4, 0 < θ < π}.

9. Describe the following areas using cartesian coordinates:

• {(r, θ) | 0 ≤ r ≤ 3}
• {(r, θ) | 0 ≤ θ ≤ π
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Solution.

• The area A contains all the points inside the circle of radius 3. It is described as
follows in cartesian coordinates: {(x, y) | x2 + y2 ≤ 9}.

• The area A is the following shaded area
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It is described as follows in cartesian coordinates: {(x, y) | y ≤ x, x ≥ 0, y ≥ 0}.
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