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9. Trigonometric functions

Exercise 1: Find dy
dx

by implicit differentiation and simplify where possible.

(a) x2y2 + x sin y = 4

(b) 4 cosx sin y = 1

(c) xy = cot(xy) (= 1
tan(xy)

)

Exercise 2: A ladder 10 feet long rests against a vertical wall. Let θ be the angle between the
top of the ladder and the wall and let x be the distance from the bottom of the ladder to the wall.
The bottom of the ladder slides away from the wall.

(a) Find the rate of change of x with respect to θ, dx
dθ

, when θ = π
3
.

(b) Find the rate of change of θ with respect to x, when θ = π
3
.

(c) The ladder slides faster as time passes such that x(t) = 1 + t2. Find the rate of change of θ
with respect to time, after 2 seconds.

Exercise 3: Derive the following equalities for inverse trigonometric functions from corresponding
equalities for trigonometric functions:

(a) arccos(−x) = π − arccos(x)

(b) arctan(1/x) = 1
2
π − arctan(x), x 6= 0.

Example: Derive arcsin(−x) = − arcsin(x).
Set x = sin θ: − arcsin(x) = − arcsin(sin θ) = −θ = arcsin(sin(−θ)) = arcsin(− sin(θ)) = arcsin(−x).
Note that sine is an odd function, sin θ = − sin(−θ).

Exercise 4: Find the second derivative of [arcsin(x)]2.

Exercise 5:

(a) Simplify cos(2 arctan(x)).

(b) Express cos(arctanx) using x. (Hint: use Pythagoras law.)

(c) Let θ = arctan(r2). Find dθ
dr

. (First find d
dx

arctanx.)
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Exercise 6: Giant John, h meter tall, is in the process of erecting a L meter long flagpole. The
base of the flagpole sites in its socket in the ground and John holds the flagpole always at head
height. In order to raise the pole he slowly walks a a constant speed of 1m/s towards the socket of
the flagpole. Let x denote the distance from John’s feet to the base of the flagpole.

(a) Find the rate of change (in time) of the angle the flagpole makes with the ground. To get
good mark you have to express it using only x, h and L.

(b) Consider the distance D from John’s feet to the top of the flagpole. Find the rate of change
of D in time. To get good mark you have to express it using only x, h and L. Hint: use the
law of cosine.

x

H
L

h

0

D

Exercise 7: A flying object leaves the ground vertically at a distance 200m from Dwarf John.
Dwarf John’s height is negligible.

(a) Suppose the flying object travels with the acceleration rate 40m/min2 and the initial speed
20m/min. How fast is the angle of elevation of Dwarf John’s line of sight of the flying object
changing after 10 minutes?

(b) Suppose instead the flying object travels at a constant speed 30m/min and Dwarf John has
a rifle whose bullet travels with a constant speed 60m/min. At what angle should Dwarf
John raise his rifle to bring down the flying object? Express your answer in terms of any
one of the three inverse trigonometric functions.
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