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Exercise 1. Evaluate or explain why the limit fails to exist:

(a) lim(x,y)→(0,0) f(x, y) =
(x+y)2

x2+y2 .

(b) lim(x,y)→(0,0)
x4y4

(x2+y4)3 .

Exercise 2. Evaluate the partial derivatives ∂F
∂x ,

∂F
∂y , and

∂F
∂z for the

given functions F .

(a) F (x, y, z) = x+y+z
(1+x2+y2+z2)3/2

.

(b) F (x, y, z) = sin(x2y3z5).

Exercise 3. Compute the gradient of the following functions

(a) f(x, y) = x−y
x2+y2+1 at (2,−1)

(b) f(x, y, z) = xy + ycos(z)− xsin(yz) at (2,−1, π).

Exercise 4. Let f be the function defined as follows:

• f(x, y) = xy2−x2y+3x3−y3

x2+y2 if (x, y) �= (0, 0)
• f(0, 0) = 0.

(a) Calculate ∂f
∂x , and

∂f
∂y for (x, y) �= (0, 0).

(b) Find fx(0, 0), fy(0, 0).

Exercise 5. Let z = g(x, y) be a class C2 function and let x = ercosΘ,
y = ersinΘ.

(a) Use the Chain rule to find ∂z
∂r and ∂z

∂Θ . Write ∂z
∂x and ∂z

∂y in terms

of ∂z
∂r and ∂z

∂Θ .
(b) Use Part (a) and the Chain Rule to prove that

∂2z

∂x2
+

∂2z

∂y2
= e−2r(

∂2z

∂r2
+

∂2z

∂Θ2
)
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