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1. Multiple choice questions: circle ONE answer. No justification is needed.

(a) [2] Suppose the temperature of an object changes according to dT'/dt = 0.4(20 — T),
where T'(0) = 15. Which of the following statements is/are true?

(I) dT'/dt is a decreasing function of 7.

(IT) In the phase-line diagram, arrows point right when 7' < 20.

(IT1) T(t) = 15e~%4 is the solution of the initial value problem.

(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
(b) [2] Consider the differential equation, d—y — ye P — ay, where a and 3 are parameters.
T

Which of the following statements is/are true?

d
(I) d_y = ye Y — ay is an autonomous differential equation
x

(I1) y* = —% is an equilibrium

(ITI) y* = 0 is a stable equilibrium when a > 1

(A) none (B) I only (C) II only (D) III only
(E) I and II (F) I and III (G) II and IIT (H) all three
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(¢) [2] The following pair of equations represent the population growth of two different
species where one is the predator and the other is the prey.

dA dB
T 0.1A — 0.005AB, yT —0.058 + 0.0001AB

Which of the following statements is/are true?

(I) The variable A represents the prey population.
(IT) The per capita growth rate of of species B is 0.0001A
(II) (A, B) = (20,50) is an equilibrium of this system.

(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] Determine which of the following statements is/are true.

I) The top half of the unit sphere is described by the equation z = /1 — 22 — y2.

(
(IT) The level curves for z = arctan(y/x) are linear.
(

IIT) The range of z = eV’ i (0, 1].

(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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P P
2. A population of caribou is modelled by a;—t =0.7P <1 — @)

(a) [2] Find the equilibria of this equation. What does the larger equilibrium represent?

dP
(b) [2] Graph oy asa function of P.

dP P
2] D hase-li i for— =0.7P(1— —).
(c) [2] Draw a phase-line diagram for o 0.7 ( 480)

(d) [2] Suppose that initially there are 80 caribou. Sketch the solution curve P(t).
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d 2y?
3. Consider the differential equation & _ = 5 and initial condition y(0) = 1.
de. 1+

(a) [2] Using Euler’s Method with a step size of 0.5, estimate the value of y(1).

(b) [3] Using the separation of variables technique, find a formula for y(x) and use it to find
the true value of y(1). Round your answer to two decimal places.
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4. Consider the modified competition equations

@:01L“i(L@:O%L"iﬁ
dt 200) " at 300

(a) [2] Find and graph the nullclines in the phase plane. Please use different colours for each
nullcline.

Y

(b) [1] Identify the equilibria.

(¢) [2] Add direction arrows to your phase-plane diagram in part (a). Include direction

arrows in each region as well as on the nullclines.

(d) [2] Sketch phase-plane trajectories starting from (i) (a,b) = (150,100) and (ii) (a,b) =
(400, 300).
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5. [3] Find and sketch the domain of f(z,y) = vV +y + In(z — y).

Sy sin(7
6. [3] Show that  lim ysin(7z)

—~———— does not exist.
z,y)—(0,0) 4a? + 6y?
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ROUGH WORK

THE END



