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Problem 1 (20pt=10+10)
Using the formal definition of the derivative, find

(i) f ′(2) for f(x) = x3

and

(ii) f ′(x) for f(x) = sin(x). (Hint: sin(a + b) = sin(a) cos(b) + cos(a) sin(b))



Problem 2 (30pt=10+10+10)
Differentiate the following functions. You do NOT need to simplify your answers.

(i) f(x) = sin(π
8
) cos3(

√
x2 − 5),

(ii) h(t) = (3t3 − 4

t5
)8,

(iii) f(R) = cR
k+R

eR2

, where c and k are constants.



Problem 3 (30pt=15+15)
(i) Find the tangent line to the curve y = e2x at the point on the curve corre-
sponding to the value x = a. Find all values of a such that this tangent line passes
through the point (0, 0). (Note: The point (0, 0) is not on the curve.)

(ii) Using implicit differentiation, find the slope of the normal line (not the
tangent line) to the curve

y3 − xy = −6

at the point (11, 3) .



Problem 4 (15pt)
What is the Chain Rule for evaluating d

dx
(f ◦ g(x)) = f(g(x)), where f and g are

both differentiable functions? When g = f−1, f(g(x)) = x. Using this and the
formula for the derivative of the exponential function ey, find the derivative of
ln(x).



Problem 5 (15pt)
Suppose that two chemicals occurring in the atmosphere change with time in such
a way that their concentrations, x and y, satisfy the relationship

x3 + xy = 2y2.

If dx
dt

= 3 when x = 1, find dy

dt
? (Hint: Use related rates.)


