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Question b

At the beginning of 2010, a landfill contained 1400 tons of solid waste. The increasing function ¥ models
the total amount of solid waste stored at the landfill. Planners estimate that W will satisfy the differential

. 1 b - - s , . . .
equation ar ,j—q(l‘l’ ~ 300} for the next 20 vears. ¥ is measured in tons, and ¢ is measured in years from

oft
the start of 2010,

contains at the end of the first 3 months of 2010 (time £ = I

20 2y57
d Ij in terms of W, Use a7
i dt

(by Find

. . . - . . |
an overestimate of the amount of solid waste that the landfill contains at time ¢ = -,

{c} Find the particular solution B~ = H'(7} to the differential equation 4

(&) Use the line tangent to the graph of ¥ at + = O to approximate the amount of solid waste that the landfill

—— 1o determine whether your answer in part (a) is an underestimate or

q

CL = S - 300) with inital

condition ¥ {{}) = 1400,
D] 1 o 3000 = (1400 - 3000 < L,
(@) G| = 75 (¥ (0) = 300) = 25 (1400 - 300) = 44 L, S a=o
The tangent line is ¥ = 1400 + 44 L answer
AR . l] -
;1{4) 5 1400 + 44(4_ = 1411 tons
by VAW L 300) and W2 1400 AW
it 25 di 625 : B 2: Lot

Toar

> 0 onthe interval 0 < ¢ £ -1-
dr’ 4

The answer in parl (a) is an underestimate.

Therefore

@ L 300)

odf 25

| [
fﬁmsood”‘ 75 4

i — 300% = :)Igf e
|

In([400 ~ 300) = 5z (0) + C = In(1100} = "

[
75/

W — 300 = 11002
1,
W) =300 +1100e® | 0<¢ <20

SRR

| answer with reason

5 J
: uses initial condition
1 :solves for #

s separation of variables

]

I antiderivatives

1 : constant of integration
1

Note: max 2/5 {1-1-0-0-0] if no constant of’
integration
Note: 0/5 if no separation of variables
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Question b

Consider the differential equation % =& = ! . where x = 0.
X e
{2} On the axes provided, sketch a slope field for the given differential 3
equation at the nine points indicated. N 3. . o
(Note: Use the axes provided in the exam booklet.)
(b} Find the particular solution y = f(x] to the differential equation with . b . .
the initial condition f{2) = 0.
(¢} For the particular solution y = f{x) described in part (b}, find -t 0 : -
fim f{x).
N —roo
(a) ¥ 5. { I : zero slopes
Y
P P 1 : all other slopes
—— i} — —
. D 1 2

X
nly—1=-L1¢
X
-l
iy—lf=e~
|
|y =1=efe *

1= ke
1
ko= —e?
L_l]
Flxy=1-¢? Y x>0
T
© limi-e? ¥ =1-e

yohoo

: separates variabtes
2 antidifferentiates

I
2
6 : < | includes constant of integration
1 : uses initial condition
1

: solves for y

Note: max 3/6 {1-2-0-0-0] if no constant

of integration
Noté: 076 if no separation of variables

1 timit
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Question 5

Consider the differential equation ;—‘ = lx +y =1
Ay -
.\-

{a) Onthe axes provided. sketch a slope field for the given differential equation !

at the nine peints indicated. . ¢ .

{Note: Use the axes provided in the exam booklet.)
(b) Find , f interms of x and v. Describe the region in the xy-plane in . R .

X"

which all solution curves to the differential equation are concave up.

{¢) Let v = f(x} be a particular solution to the differential equation with the “T ¢ |
initial condition #{0) = 1. Does f have a relative minimum, a relative
maximum. or neither at x = 0 7 Justify your answer.

{d) Find the values of the constants m and b, for which v =mx + 5 isa

solution to the differential equation.

(a)

v 2 : Sign of slope at each
} point and relative

o~ 2N / steepness of slope lines in

. rows and columns.
i —— -~
-—‘\——-AM»1
-1 Q0 ]
v 1 dy ! | dhy

b = — — = =X 4} = o .

v R A 3097 e
Solution curves will be concave up on the half-plane above the line [ : description
ol
’ 2 2

; a2y ,

{c) dTI‘ =0+|~|::Oand——f :O+]—%>0 | 1 answer
o & - T justification
Thus. f has a relative minimum at {0, [}.

(dy Substituting y = mx + b into the differential equation: P, { 1:value for m

1 1 © 71 s value for b
m= X+ (mx+5y~1= [n; + 5)1 +{(p-1)

3|

ThenO:mJ.»ljand m=h-1 m:~~,];- and b =
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Question 5

Consider the differential equation i%; = (v = 13 cos{ax).
(a} On the axes provided, sketch a slope field for the given differential equation at the nine points indicated.

(Note: Use the axes provided in the exam booklet.}

.\.I
L] | 1]
- - — |
-] {) {
. ] »

{(b) There is a horizontal line with equation v = ¢ that satisfies this diffcrential equation. Find the value of ¢.

(¢) Find the particular solution y = f(x) to the differential equation with the initial condition #{1) = 0.

(a) v _ { 1 : zero slopes
] 1 : all other slopes
— - ——
N\ O .
n N
yoof
(b) The line v =1 satisfies the differential equation, so l1:¢=1
c=1.
() - I - dy = cos{ax} ey 1 : separates variables
(=1 2 : antiderivatives
—(y - 1)“ = Lsin(;rx) +C 6 : < 1 :constant of integration
4 1 - uses initial condition
l I .. -
T —sin{ax}+ C I ] :answer
— ." Fid N
{ . . . . .
I = }'Sm(”] + =0 Note: max 3/6 [1-2-0-0-0]if no
1 1. constant of integration
- }55'“(*’”) +1 Note: 0/6 if no separation of variables
= sin(ax) + 7
|-
bl e for —oe < x < 0
) sin(mx}+
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