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1. Determine the biggest possible domain of the following functions:

(a) f(x, y, z) = x2 + y2 + z2 (b) f(x, y) =
√
x2 + y2 − 1 (c) f(x, y) = arcsinx · arcsin y

(d) f(x, y, z) =
1

xyz
(e) f(x, y, z) =

z

x+ y
(f) f(x1, . . . , xn) = lnx1 + · · · + lnxn

2. Represent the level curves of the function f(x, y) = x+ y + 1 in the plane. What surface is this if
we represent it in space? Do the same with f(x, y) = x+ y2.

3. Calculate all the first and second partial derivatives of the function f(x, y, z) = sin(2x + y2).

4. Check if the following differentials are exact, and calculate a function in the affirmative cases.

(a) (2xy4 − 1) dx+ 4x2y3 dy (b) (x cos 2y) dx− (2x sin 2y) dy (c)
3x2 dx

y2
− 2x3 dy

y3

5. (*) Calculate the directional derivatives of the function f(x, y) = (x2 + 3y2) · e−x2

at the point
(1, 2) in the directions:

(a) (1, 0)

(b) (0,−1)

(c) of the vector (−3, 4)

(d) of fastest increase

(e) of fastest decrease

Is there any direction in which the function does not increase or decrease? Can you say anything
in general, for any function?

6. (*) Consider f(x, y) (a function on the cartesian plane) and x = r cos θ, y = r sin θ (conversion to
polar coordinates).

(a) Interpret
∂f

∂x
and

∂f

∂y
.

(b) Calculate them for f = y/x and explain the results.

(c) Do the same for f = x2 + y2.

(d) Interpret
∂f

∂θ
and

∂f

∂r
.

(e) Calculate them for f = y/x with the chain rule and explain the results.

(f) Do the same for f = x2 + y2.


