1)

(a) H'(0) = (91 -27) = ~16 1 : slope
H(0) =91 3: 4 1:tangent line
1 : approximation

An equation for the tangent line is y = 91 — 16

The internal temperature of the potato at time # = 3 minutes is
approximately 91 —16-3 = 43 degrees Celsius.

2
(b) ddtil = _%id}t!— = (—%)(—%)(H -27) = %(H - 27) 1 : underestimate with reason
-
H >27 fort>0 = dd?:%(H_27)>0 for t >0
t

Therefore, the graph of H is concave up for # > 0. Thus, the
answer in part (a) is an underestimate.

(c) _Lz/? = —dt 1 : separation of variables
(G—27) 1 : antiderivatives
J“dG—Z“ = J' (~1) dt 5. 1 : constant of integration and
(G -27) E ' uses initial condition
3(G - 27)1/ ‘=—t+cC 1 : equation involving G and ¢
301-27) =0+ Cc = Cc=12 [ 1:G(t) and G(3)
- /3 _ 14
3G 2mT =12 ; Note: max 2/5 [1-1-0-0-0] if no constant
G(t) =27+ (123_ f) for 0 <¢ <10 : of integration

Note: 0/5 if no separation of variables

The internal temperature of the potato at time ¢ = 3 minutes is

12-3
3

27 +( ) = 54 degrees Celsius.




bird, in grams, at time ¢ days after it is first weighed, then

The rate at which a baby bird gains weight is proportional to the difference between its adult weight and its
current weight. At time 1 = 0, when the bird is first weighed, its weight is 20 grams. If B(¢) is the weight of the

dB 1 _
= (100 - B).
Let y = B(t) be the solution to the differential equation above with initial condition B(0) = 20.
(a) Is the bird gaining weight faster when it weighs 40 grams or when it
weighs 70 grams? Explain your reasoning. L
2 2 £
(b) Find c;_ZB in terms of B. Use % to explain why the graph of B ?;»
t t B
cannot resemble the following graph. :gh
(c) Use separation of variables to find y = B(¢), the particular solution to 2
the differential equation with initial condition B(0) = 20. O
Trme (days)
dB Loy —
(@) AP 5(60) =12 5 1 : uses 7
1 : answer with reason
dB 1 _
| pro ™ 5(30) =6
dB dB PR
Because — — , the bird is gainin
dtlg_go  dt|p=10 e
weight faster when it weighs 40 grams.
d’B _ 1dB _ 1 1 1 ’B .
b) ——=———"=—=.— -B)=—— - l: i B
(b) ) 5 5% (100 - B) 75 (100 — B) 5 o in terms o
i Therefore, the graph of B is concave down for 1 : explanation
? 20 < B < 100. A portion of the given graph is
J concave up.
() % = é(lOO - B) 1 : separation of variables
1 1 1 : antiderivatives
dB = | = dt ) .. .
100 - B 5 5 1 ; constant of integration
~In|100 - B| = lt i C 1 : uses initial condition
5 1 : solves for B

Because 20 < B <100, |[100 — B| =100 — B.
~In(100 — 20) = é(()) +C = -In(80)=C

100 — B = 80¢™"/°
B(1) =100-80¢"*/, 1 >0

Note: max 2/5 [1-1-0-0-0] if no constant of
integration

Note: 0/5if no separation of variables
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At the beginning of 2010, a landfill contained 1400 tons of solid waste. The increasing function W models
the total amount of solid waste stored at the landfill. Planners estimate that W will satisfy the differential

equation cii—VtV = E(W —300) for the next 20 years. W is measured in tons, and ¢ is measured in years from

the start of 2010.

(a) Use the line tangent to the graph of W at ¢ = 0 to approximate the amount of solid waste that the landfill

contains at the end of the first 3 months of 2010 (time ¢ = —}1—).

2 7
(b) Find g I;V in terms of W. Use £ I;V
dt dt

to determine whether your answer in part (a) is an underestimate or

an overestimate of the amount of solid waste that the landfill contains at time ¢ = %

dw

(c) Find the particular solution " = W (t) to the differential equation —— = 2L5(W - 300) with initial

condition W(0) = 1400.

dt

aw| 1 L _ 1 _ -
(a) raiie 55 (7(0) = 300) = (1400 - 300) = 44

The tangent line is y = 1400 + 44t

1 1\
W(Z) ~ 1400 + 44(2) = 1411 tons
w1 dw

' 1
T 25 dr - >
2 d? 25 dt 635 (W = 300) and 7 > 1400
2

Therefore d W > 0 on the interval 0 < ¢

-Jkl»—

The answer in part (a) is an underestimate.

Noaw
(©) S === (W -300)

fW——SOO dW:fz_sd’

In|W — 300 = —t +C

In(1400 = 300) = 5(0) + C = In(1100) = C

1
—
W —300 = 1100e%
1
—t
W(t)=300+1100e?, 0<¢<20

dt

5 lid—Wdtt—O
1 : answer

d*w
2: T di?
1 : answer with reason

: separation of variables
: antiderivatives

: constant of integration
: uses initial condition

A9,
— ek ek st

: solves for W

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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Solutions to the differential equation % = xy° also satisfy F = y3 (1 +3x° y2 ) Let y = f(x) bea
X X

particular solution to the differential equation % = xy° with f(1) =2
X

(a) Write an equation for the line tangent to the graph of y = f(x) at x = 1.

(b) Use the tangent line equation from part (a) to approximate f(1.1). Given that f(x) >0 for 1 < x < 1.1, is
the approximation for f(1.1) greater than or less than f(1.1) ? Explain your reasoning.

(c) Find the particular solution y = f(x) with initial condition f(1) = 2.

=—
*la 1 : answer

@ SO=2 =3 2 {110

An equation of the tangent line is y = 2 + 8(x —1).

() f(.1) =28

Since y = f(x) > 0 onthe interval 1 < x < 1.1,

{ 1 : approximation

1 : conclusion with explanation
2., .,

—2—;— =9 (1 + 3x2y“) > 0 on this interval.
X

Therefore on the interval 1 < x < 1.1, the line tangent to the
graph of y = f(x) at x =1 lies below the curve and the
approximation 2.8 is less than f(1.1).

(©) % = xy3 1 : separation of variables
! 1 : antiderivatives
f — dy = fx dx 5: 9 1:constant of integration
yl . 1 : uses initial condition
- —2——7 = %— +C 1 : solves for y
I S Note: max 2/5 [1-1-0-0-0] if no
2.22 2 8 constant of integration
o = 1 Note: 0/5 if no separation of variables
=
2 -5




