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Question 1: Circle the correct answer. No justification is needed.

1. (a)[2] The resistance R of the flow of blood through a blood vessel (assumed to have the
shape of a cylindrical tube) is given by

R =
Klγ2

d4

where l is the length of the tube, d is its diameter and γ ≥ 1 is the curvature. The positive
constant K represents the viscosity of the blood (viscosity is a measure of the resistance of
fluid to stress; water has low viscosity, honey has high viscosity).
Which of the following statements is/are true?

(I) If the curvature γ doubles, then the resistance R doubles
(II) If the viscosity K doubles, then the resistance R doubles
(III) If the diameter d doubles, then the resistance R increases 24 = 16 fold

(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 g(x) = cos (ex2+x), then g′(0) is equal to

(A) 0 (B) sin 1 (C) cos 1 (D) sin e

(E) − sin 1 (F) cos e (G) − cos e (H) − cos 1
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(c)[2] Determine which of the statements is/are true for the function f(x) whose derivative
f ′(x) is drawn below.

x 

y 

1 
2 

4 5
3 

-1 

y=f '(x)

0

(I) x = 3 is a critical point (critical number) of f(x)

(II) x = 4 is a critical point (critical number) of f(x)

(III) x = 5 is a critical point (critical number) of f(x)

(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] lim
x→0+

√
x ln(3x) =

(A) 3 (B) ∞ (C) −∞ (D) −3

(E) 0 (F) 1/3 (G) −1/3 (H) 1/2
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(e)[2] The formula (adapted from M. Benton and D. Harper, Basic Palaeontology)

Sk = e0.08T Sp0.84

relates the skull length, Sk, of a larger dinosaur to its spine length, Sp, at time of death T.
Which of the following statements is/are true?

(I) The semilog graph of Sk as a function of Sp is a line

(II) The semilog graph of Sk as a function of T is a line

(III) The double log graph of Sk as a function of Sp is a line

(Note: it does not matter whether ln or log is used.)

(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

(f)[2] Identify all correct Taylor polynomials of the function f(x) = sin x at x = 0.

(I) T1(x) = x

(II) T3(x) = x − x2

(III) T3(x) = x − x3

2

(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
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(g)[2] Identify all correct interpretations of the definite integral
∫ 3

2
(2x − 1) dx.

(I) Total change in the function f(x) = 2x − 1 from x = 2 to x = 3.

(II) Area of the region under the graph of f(x) = 2x − 1, above the x-axis, from x = 2 to
x = 3.

(III) Average value of the function f(x) = 2x − 1 on the interval [2, 3].

(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

(h)[2] Consider the differential equation

P ′(t) = 1.1P (t)
(
1 − P (t)

1400

) (
1 − 650

P (t)

)

where P (t) represents the number of elk in Douglas Provincial Park in Saskatchewan. The
variable t represents time in years, with t = 0 representing 2013.
What does this model say about the population of elk? (Identify all true statements.)

(I) At the moment when there are 1250 elk, the population is increasing

(II) At the moment when there are 1450 elk, the population is decreasing

(III) At the moment when there are 600 elk, the population is increasing

(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
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(i)[2] Start with the graph of y = cos x. Scale (expand) the graph horizontally by a factor
of 3 and then shift right the graph you obtained by 6 units. Finally, expand this graph
vertically by a factor of 4. The graph you obtained is

(A) y =
1
4

cos
(

x + 2
6

)
(B) y =

1
4

cos
(

x − 2
6

)
(C) y = 4 cos

(
x + 6

3

)

(D) y = 4 cos
(

x

3
− 2

)
(E) y = 4 cos

(
x

3
+ 6

)
(F) y = 4 cos

(
x

3
− 2

3

)

(G) y =
1
4

cos
(

x + 2
3

)
(H) y =

1
4

cos
(

x − 6
3

)

(j)[2] Which of the following improper integrals is/are convergent?

(I)
∫ 1

0
x−2 dx (II)

∫ 1

0
x−1 dx (III)

∫ 1

0
x−0.5 dx

(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
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Question 2: Circle the correct answer. No justification is needed.

2. (a)[2] Based on knowing that lim
x→2

f(x) = 4, we can conclude that the function f(x) is

continuous at 2, and f(2) = 4.

TRUE FALSE

(b)[2] A population of monkeys on an island doubles every year; present count is 25 monkeys.
Based on this data, we conclude that in 3 years there will be 75 monkeys on the island.

TRUE FALSE

(c)[2] A population of bacteria triples every hour. Every hour, after reproduction, 800
bacteria are removed. The population starts with 1000 bacteria. The dynamical system
which describes this population is given by bt+1 = 3(bt − 800), b0 = 1000.

TRUE FALSE
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Questions 3-8: You must show work to obtain full credit

3. (a)[3] Find
∫

x lnxdx.

(b)[3] Find
∫ 9

1

(1 +
√

x)2√
x

dx.
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(c)[3] Consider the region R bounded by y =
√

x + 4, y = 3, x = 0, and x = 6. Write a
formula for the volume of the solid obtained by rotating the region R about the x-axis. Your
answer must not contain absolute value. You do NOT need to compute the volume.

(d)[3] Using a definite integral, write an expression for the area of the part of the circle of
radius 5 centered at the origin lying in the first quadrant, as shown below. You do NOT
need to compute the integral.

y 

x 50
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4. Consider the function f(x) = x4/5(2x − 9).
(a)[3] Show that x = 0 and x = 2 are the only critical points of f(x).

(b)[2] Give a precise statement of the Extreme Value Theorem.

(c)[2] Find the absolute maximum and the absolute minimum values of f(x) on [1, 5].
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5. The rate at which new influenza cases occured in 2013 in Greater Edmonton Area
followed the formula dI/dt = 24e−0.2t − 21e−0.3t. Units of I(t) are thousands of people. By
t we represent the time in days measured from 1 December 2013 (so t = 0 represents 1
December 2013). On 1 December 2013 there were 1250 cases of influenza.
(a) [4] On which day (state the date) did the rate dI/dt reach its largest value?

(b)[1] Write the initial value problem for the number I(t) of influenza cases. Keep in mind
that the number of people is measured in thousands.

(c)[3] Solve the initial value problem in (b) to find the formula for I(t).
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6. Consider the alcohol consumption model at+1 = at −
9.1at

3.2 + 1.1at
+ d, where at is the

amount of alcohol (in grams) and d is the constant amount that is consumed every hour.

(a)[1] What is the meaning of the term
9.1at

3.2 + 1.1at
?

(b)[2] Assume that d = 5. Find the equilibrium point of the given system.

(c)[3] Assume that d = 5. Determine whether the equilibrium you found in (b) is stable or
unstable.
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7. Most human papillomavirus (HPV) infections in young women are temporary and have
very little long-term effects. Assume that P (t) is the proportion (or percent) of women
initially infected with the HPV who no longer have the virus at time t (t is measured in
years). The rate of change of P (t) is modelled by the function

p(t) = 0.5 − 0.25t1.5 + 0.5e−1.2t

where 0 ≤ t ≤ 2.

(a)[2] Compute p(1) to two decimal places. What are the units of p(1)?

(b)[3] Find
∫ 1

0

(
0.5 − 0.25t1.5 + 0.5e−1.2t

)
dt. Round off to two decimal places.

(c)[2] What does the number you obtained in (b) represent in the context of HPV infections?

Page 13 of 15



MATH 1LS3 * Final Exam * 19 December 2016 Name:
Student No.:

8. Consider the discrete-time dynamical system pt+1 =
3.4pt

2.7 + 0.001pt
, where pt represents a

number of frogs in thousands and time is in years.
(a)[3] Identify the per capita production function. Sketch its graph and label intercepts.
Explain why the per capita production function makes sense.

(b)[2] Find all equilibrium points.
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(c)[2] The graph below shows the updating function of the given dynamical system. Label
the coordinate axes and label all equilibrium points. Using cobwebbing, determine whether
the smallest equilibrium point is stable or unstable.

(d)[2] Explain what the stability or instability of the smallest equilibrium point means for
the population of frogs.
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