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1. True/false questions: circle ONE answer. No justification is needed.

(a) [2] The formula lim
h→0

arcsin(0.5 + h) − arcsin(0.5)
h

=
2√
3

is correct.

TRUE FALSE

(b) [2] If a function f(x) is positive, i.e., f(x) > 0 for all x, then its derivative f ′(x) is
positive.

TRUE FALSE

(c) [2] If f ′′(4) = 0, then the graph of f(x) has an inflection point when x = 4.

TRUE FALSE
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2. Multiple choice questions: circle ONE answer. No justification is needed.

(a) [2] Which of the following is/are true for the function f(x) =

⎧⎨
⎩

x2 − 1 if x ≤ 2

2.5 + 1/x if x > 2
?

(I) f is continuous at x = 0 (II) f is continuous at x = 2 (III) lim
x→2.5

f(x) = f(2.5)

(A) none (B) I only (C) II only (D) III only

(E) I and II (F) I and III (G) II and III (H) all three

(b) [2] If f(x) =
x

x + 3
, then f ′(1) =

(A) lim
h→0

1
4 + h

h
(B) lim

h→0

h
h+3 − 1

4

h
(C) lim

h→0

h+1
h+4 − 1

4

h
(D) lim

h→0

h+1
h+3 − 1

2

h

(E) lim
h→0

h+1
h+4 − 1

h
(F) lim

h→0

h
h+4 − 1

2

h
(G) lim

h→0

h
h+3 − 1

h
(H) none of these
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(c) [2] The resistance R of the blood flow through a vessel is given by R = Kl(γ + 1)2D−4,
where l is the length of the vessel, D is its diameter, γ ≥ 0 is the curvature, and K > 0
represents the viscosity of the blood. In this exercise, we treat R as a function of D, where
D > 0. Which of the following is/are true?

(I) R is decreasing (II) dR/dD is increasing (III) R has no critical numbers

(A) none (B) I only (C) II only (D) III only

(E) I and II (F) I and III (G) II and III (H) all three

(d) [2] The instantaneous rate of change of f(x) = etan(πx) at x = 0 is

(A) 0 (B) 1 (C) −1 (D) π

(E) π/4 (F) −π (G) −π/4 (H) none of these
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3. [3] Find the critical numbers of g(x) = x4/5(2x − 1)2.

4. [3] Find an equation of the tangent line to the curve y = x2 sin(1/x) at x = 1/π.
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5. [3] Consider the curve defined implicitly by ln(x2 + y2)− x3 − y4 = 0. Compute y′ when
x = 1 and y = 1.

6. [3] Determine the interval(s) on which the graph of f(x) = e−0.1x2

is concave down.
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7. (a) [3] In the article Phenomenological Theory of World Population Growth by S. Kapitza,
Physics-Uspekhi (39)1, we find the formula

P (t) = 4.43
(

π

2
+ arctan

t

42

)

where t is the time in years, with t = 0 representing 2007. Find the linear approximation of
P (t) at t = 0. Round off all numbers to two decimal places.

(b) [3] Estimate the value of
√

15 using a quadratic approximation of f(x) =
√

x at a suitable
base point. Round your answer to four decimal places.
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8. The function c(t) =
10t

0.16 + t2
has been used to model the absorption of a drug (such as

morphine); where c(t) is the concentration (in milligrams per millilitre, mg/mL) of the drug
in the bloodstream, and t ≥ 0 is the time (in hours).

(a) [2] Find the critical number(s) of c(t).

(b) [2] State the assumption(s) and conclusion(s) of the Extreme Value Theorem.

(c) [2] Find the absolute maximum and the absolute minimum values that the concentration
c(t) reaches during the first hour after the drug is administered, i.e., over the interval [0, 1].

THE END
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