
SYDE 112, Spring 2012, Assignment 9
Due date: Friday, July 20

Chain rule, directional derivatives, the gradient

Submission instructions: Clearly write your full name and ID number on
the first page. To avoid marking and handling difficulties, please staple all
submitted pages together and answer the questions in the order they appear
on the assignment.

Academic integrity: Students are encouraged to collaborate on assign-
ment problems but must write up their assignments independently. Copy-
ing is strictly forbidden!

Suggested problems:

Section 12.5, 1− 19
Section 12.7, 1− 6, 10− 13, 17, 21

Problems for submission:

1. Suppose that u = u(x, y, z, t), x = x(r, s), y = y(t), z = z(s), and

t = t(r, s). Find expressions for
∂u

∂r
and

∂u

∂s
.

2. Recall that logarithmic differentiation can be used to determine that
f(x) = xx has the first-order derivative

f ′(x) = xx(ln(x) + 1).

Use the chain rule and the multivariate function f(x, y) = yx to re-
produce this result. (Hint: Consider how y must depend on x!)

3. Determine expressions for

∂2f

∂x2
,
∂2f

∂x∂y
, and

∂2f

∂y2

for f(x+ y, x− y). (Hint: It will help to use the notation f1(·, ·) and
f2(·, ·) to denote differentiation with respect to the first and second
input variables of f , respectively.)



4. Sammy travels down a slide with a height profile given by f(x, y) =

x2 + y2 (x and y in meters) along the spiraling path x(t) =
cos(t)√

t
,

y(t) =
sin(t)√

t
(t in seconds). How quickly is Sammy descending after

he has been on the slide five seconds?

5. Find the directional derivative of the following functions at the given
point in the direction of ~u.

(a) f(x, y) = x2y − xy2 at (0, 1) in the direction ~u = (−1, 1).

(b) f(x, y) = ex tan(y) at (ln(2), 0) in the direction ~u = (π,
√

3π).

(c) f(x, y, z) = zxy at (1, 0, 1) in the direction ~u = (1,−2, 2).

6. In many applications, it is convenient to represent functions f(x, y) in
polar coordinates, which is given by

x(r, t) = r cos(t)

y(r, t) = r sin(t).

Show that any function f(x, y) satisfying Laplace’s equation

∂2f

∂x2
+
∂2f

∂y2
= 0

in Cartesian coordinates satisfies

∂2f

∂r2
+

1

r

∂f

∂r
+

1

r2
∂2f

∂t2
= 0

in polar coordinates.


