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1. For parts (a) and (b), clearly circle the one correct answer. For part (c), write the letter
corresponding to the graph of the function next to the equation in the space provided.

(a) [3] Consider the model for the spread of a disease, dI/dt = 0.4I(1 − I) − 0.1I, where I
represents the proportion of infected individuals in the population. Which of the following
statements is/are true?

(I) There are two biologically plausible equilibria.

(II) If initially 2% of the population is infected, then I will decrease.

(III) If initially 80% of the population is infected, then I will decrease.

(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) [3] Which of the following statements is/are true for the predator-prey equations,
dx/dt = 0.2x − 0.01xy and dy/dt = −0.3y + 0.001xy.

(I) The variable x represents the prey population.

(II) The per capita growth rate of y is a decreasing function.

(III) (x, y) = (300, 20) is an equilibrium solution.

(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

(c) [3] Match the equation of each function with its graph below.

f(x, y) = ex + 10y g(x, y) = x2 − y2 h(x, y) =
x

x2 + y2 + 1
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2. State whether each statement is true or false. Explain your reasoning.

(a) [2] y∗ = 0 is a stable equilibrium of dy/dt = y3 − y.

(b) [2] The range of z = e
√

1−x2−y2
is (0, e].

(c) [2] The function g(x, y) =

⎧⎪⎪⎨
⎪⎪⎩

cos(xy)
x2 + y2 + 1

if (x, y) �= (0, 0)

1 if (x, y) = (0, 0)
is continuous at (0, 0).
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3. A population of birds is modelled by
dB

dt
= 0.8B

(
1 − B

2400

)
.

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

(b) [2] Graph
dB

dt
as a function of B.

(c) [2] Draw a phase-line diagram for
dB

dt
= 0.8B

(
1 − B

2400

)
.

(d) [2] Suppose that initially there are 400 birds. Sketch the solution curve B(t).
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4. Consider the competition equations

da

dt
= 2

(
1 − a + b

100

)
a,

db

dt
= 2

(
1 − a + b

200

)
b

(a) [2] Find and graph the nullclines in the phase plane.

a

b

(b) [1] Identify the equilibria.

(c) [2] Add direction arrows to your phase-plane diagram in part (a). Use the direction
arrows to sketch a phase-plane trajectory starting from a(0) = 150 and b(0) = 150.
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5. [3] Use the separation of variables technique to solve
dy

dx
=

3y

1 + 4x2
, where y(0) = 5.

6. [3] Find and sketch the domain of f(x, y) = ln(y − x) +
√

y + x.

6



MATH 1LT3 * Test 1 * 6 July 2017 Name:
Student No.:

7. [3] Create a contour map for g(x, y) = 2 arctan(xy). Include level curves corresponding
to k = −2, k = 0, and k = 2.

8. [3] Show that lim
(x,y)→(0,0)

4xy2

3x2 + 2y4
does not exist.
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ROUGH WORK

THE END

8


