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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.

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

(I) There are two biologically plausible equilibria. v/~ If”o 5
(IT) If initially 2% of the population is infected, then I will decrease. X_ I: == %— gt
(IIT) If initially 80% of the population is infected, then I will decrease.v”” o—%——;—gél

o ‘

(A) none (B) I only (C) II only (D) IIT only
(E) I and TI @1 and 1T (G) IL and III (H) all three

(b) [3] Which of the following statements is/are true for the predator-prey equations,
dz/dt = 0.2z — 0.01zy and dy/dt = —0.3y + 0.001zy.

(I) The variable = represents the prey population. v ; MM

I —— N
(II) The per capita growth rate of y is a decreasing function.X Y-==0,3 +0.00l%
(III) (x,y) = (300,20) is an equilibrium solution. v/~ !

=300 =() #=300 =

Zlepe =0 Hluwe=0

(A) none (B) I only (C) II only (D) IIT only
(E) T and II (F))I and II1 (G) IT and III (H) all three

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

flz,y) =" + 10y L g(z,y) = 2% — 42 ﬁ h(z,y) = w—x%
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2. State whether each statement is true or false. Explain vour reasoning.

(a) [2] ¥* = 0 is a stable equilibrium of dy/dt = y* — y.

Fag)=y (y2~1)
%:O whes (’=00'L z"'i’
| il i
Ply)= 3921 :
$l0)=+ = y*s0 w0 a stable Lquad druim

. TRUE

(b) [2] The range of z = eMLZZ —%2Ag (0, €e].
xeyto 1-4%y220

-x-y* <o

04 1-ay <]
O T-x%y? &1
'z em e

L EALSE

£
= pe aomp o [1,€].

cos(zy) ;
) w00
(¢) [2] The function g(z,y) = ¢ #2 +y> +1 (=) # ( is continuous at (0,0).

L i e =400

o d alxy) 5_&.%_9_..-.-;

0 e o) 3 KA = oS om KAy T+

@ 3(0,0) = | . )
. (0 ) CM"MQW O 0)
s («,q)-a(o,o)j(/x"f) J ot q Ao
def ¥ of Continr ity
s TRUE
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3. A population of birds is modelled by % =0.8B (1 — %i)())

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

dB -0 whew B=0 o B=2400.
ol E

caruyn ( . aﬂMMvMMmﬂMJL )
7}; mmjgﬂﬂwpmm; aum ) 4o AH00 berdo .

dB
(b) [2] Graph - asa function of B.

8' 1
§ 'K; J

r o

dB B
- aw line diagr Sl - | (. )
(¢) [2] Draw a phase-line diagram for g 0.8 (1 2400)

I O e L

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

b4

AHOO = = = = = = — - - o —

{200 1

L]
w

LoO
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4. Consider the competition equations

da a+b db a+b
= = ) b
dt (1 100 ) Y& (1 200 )

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

240 +@=0)n b

o@D D Y
\'4
00
A

{b) (1] Identify the equilibria.

(0,0), (209, 0) / (0, (00)

(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 «(0) = 150 and b(0) = 150.
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5. [3] Use the separation of variables technique to solve —= = — =2 where gl @)= 5,
dr 1+ 4x?

d'lf SH—(.‘M():'L
_ Lam (2%) + C
Iyl = 3 ouc

3 awctam(2n)+C
lyl=e

2 dace fann{2)
y=teje

’;e
b { o _
()5 = 5= A2 ) L 5-pe’ = A5

amknaw
(1(«)=5e§

1

6. [3] Find and sketch the domain of f(z,y) = In(y — z) + 4y + .

Oy-%%0  gnd @ y+x 20

= y7% = yx-X
// M
L
? X
P
Lf::i)t‘ "(:"K
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7. [3] Create a contour map for g(x,y) = 2arctan(zy). Include level curves corresponding
toh— -2 k=0antb=2

Il oo )

- IT
;za.cm"aM(/X‘{):k; what ke (-1,8 . fv -
- y=ten(f) |
X 4 =0
he-2: 9= % S
= ¢ ‘/ ——&"'—' h."a- f
h=0: XY =0 = X=0 at y=0 \ | ¥k="2
hzl" y..s -g Rk»;o
: dry? .
8. [3] Show that (m,y%lil}(),()) gfg_—% does not exist.

Blow) = 25 =0
('
- q 2‘12 = —-LbL-—= "i'
‘c("a"’)'s(«,%)‘mv" ok

s flyy) >0 ao (%y) —(0,0) 010":? Ly
and  Ply) = Hb: 2o (#y) —(0,0) alovy

Lin,y) DN.E.
(x,4)=>(60)

£-0



