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Question 1

Let £ and S be the regions in the first quadrant shown in the
Ggure above. The region # is bounded by the s-axis and the
graphs of y =2 — " and y = tanz . The region S'is bounded by
the g-axis and the graphs of y = 2 - ¥ and y = tanz.

(a) Find the area of R.

(b} Find the area of S

() Find the volume of the solid generated when S is revolved

about the s=axis.

\ = tan x
N o

—

Paoint of intersection
2 — ¥ = tanw at (4, 5) = (0.902155,1.265751)

(a) Area = J:. tan i dr + j; (2 —z%)dr = 0.729
or
a S
Area R = J;I [{2 =gt~ Lﬂn"'y]d-y = 0,720
or

g VA
Area R =J:I z(2 - rﬂ“):i;;: - j:gz -1’ = tanax)de = 0.729

A ;
(b) Area §= I:I (2= } —tanz)dr = 1.160 or 1.161
or

o 2 j
Area 5= J tan !y dy + ’rn (2 =y} dy = 1.160 or 1.161

(1)
or

Aren 5
%3 y g ]

J‘n (2 — )3 dy — J;I c{i — 3 — t.a.n"’jr)rf_r,a

1.160 or 1.161

(e) Volume = wﬁ((z — ) = La.nﬁm]du:

= 2.65627 or 8.331 or 5.332

1 : limits
d: 1 1:integrand

1 : answer

1 limits
3: 4 1:integrand

1 : answer

1 : limits and constant
3:1 1:integrand

1 : answer
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The temperature, in degrees Celsius (°C), of the water in a pond is a

differentiable lunction W of time i. The table above shows the water
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Question 2

temperature as recorded every 3 days over a 15-day period.

(a) Use data from the table to find an approximation for W '[12). Show the

computations that lead to your answer, Indicate units of measure.

(b} Approximate the average temperature, in degrees Celsius, of the water
over the time interval 0 < { < 15 days by using a trapezoidal
approximation with subintervals of length At = 3 days.

(e) A student proposes the function P, given by P(t) = 20 + 1063 a5 4 model for the
temperature of the water in the pond at time {, where f is measured in days and P(t) is
measured in degrees Celsina, Find P'(12). Using appropriate units, explain the meaning of
vour answer in Lerms of water temperature,

{d) Use the function P defined in part (¢) to find the average value, in degrees Celsius, of P(f)
over the time interval 0 < ¢ < 15 days.

(a)} Difference quotient; e,

&3 ; I = dilference guoticnt
'(15) — 1 1
W12) ~ M} = —— *C/day or P X .
15 —12 Hi > 1 : answer (with units)
W12y — W9 2
V2) =SS0 = 2 agyy
W1z) 59 3 Jday ar
S Wil5) — Wi{9) 1
B 1) o T TR o
(12) 5=9 5 Cfday
3 ‘ ) ¢ trapezoi i

(b) =(20 + 2(31) + 2(28) + 2(24) + 2(22) + 21) = 376.5 | R
2 i 1 : answer
Average temperature = —1-—__:['37'6.5'} =25.1°C

3 14 —1i3 10 -t/ 3heq - . g
(¢} P12) = 10e ——te L: P(12) (with or without units)
=12 %
e Py °C/day 1 interpretation
This mesns that the temperature is decreasing at the
rate of 0.5344 °C/day when t = 12 days.
+15 T i

(@) = [(20 + 1001t = 95.757°C Rl

1540 e
1 : limits and
B

average value constant

1 : answer
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Question 3
A ear is traveling on a straight road with velocity (e
55 ft/sec at time ¢ = 0. For 0 < 1 <18 seconds, the e il
;

car's aceeleration a(t), in ft/sec’, is the piecewise
i

/

P isscondsy

linear function defined by the graph above. «

{a) Is the velocity of the car increasing at ¢ = 2
seconds? Why or why not?

(h) At what time in the interval 0 £1 < 18, other than t =

55 ft/sec? Why?

'
b,
:4{\\umu u}_.fnm
Fi

P =15 (14 =15

0, is the velocity of the car

(e} On the time interval 0 < ¢ < I8, what is the car's absolute maximum veloeity, in [t /see,

and at what time does i ocenr? Justify your answer.

{d) At whattimes in the interval 0 < ¢ < 18, if any, is the car’s velocity equal to zera? Justify

YOUI ANSWET.

{a) Since (2} = a(2) and a(2)=15> 0, the velocity is

increasing at ¢t = 2.

b} Al time ¢ = 12 because

v(12) — v(0) = j:zﬂ{i:}t!'t =

{¢) The absolute maximom velocity is 115 ft./sec at
t= 8
The absolnte maximum must occur at { = 6 or

at an endpoint.

]
S LIP3 3 Vi
() aa+J:I aif)di

— 55 + 2(15) + = (4)(15) = 115 > 0(0)

=

rlu alt)dt < 0 so v(18) < w6}

{d} The car's velocity is never equal to (0. The absolute

minimurm occurs at { = 16 where

L
w(16) = 115 + [ aft}ydt =115 105 =10>0.
LEa 1

L : answer and reason

S =
20z
1 : reascn
15 t=10
1 : absolute maximum velocity
1 : identifies { = 6 and
f = 18 as candidates
4

ar
indicates that v increases,

decreases, then increases

I 1 : eliminates § = 18

1 : answer
2 -

1 : reason
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Question 4

Let & be a function defined for all x = 0 such that h{4) = =3 and the derivative of h is given

Jiz—

by h'(z) = 4 for all o =0,

b

{a) Find all values of 2 lor which the graph of i has a horizontal tangent. and determine
whether f has a local maximum, a local minimum, or peither at each of these values.
Justify your answers.

(b} On what intervals, if any, is the graph of h coneave up? Justify your answer.

{¢) Write an equation for the line tangent Lo the graph of hat r= 4.

{d) Does the line tangent to the graph of b at @ = 4 lie above or below the graph ol A for
z > 47 Why?

fa) Wz)=10 at ¢ = £+J2 liz =442
1 : analysis
hz) — ? + l"l"‘l — 'ﬂ I 411 2.1 conclusions
| : 1 < —1 = not dealing with
x 3 0 J7 discontinnity at 0

Local minima at £ = =2 and at ¢ = 2

¥ o
(b) A"z} =1+ >0 forall z = 0. Therefore, 1: ()
< Sl W EE i e
the graph of & is concave up for all = = 0., i
1 : answer
. i l6—2 7
™ ﬁ"’ d)= = -
(e} fid) 3 3
; T
yt+3= H(I — 4] 1 : tangent line equation
(d} The tangent line is below the graph because L : answer with reason

the graph of & is concave up for = > 4.
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Question 5

A cubic polynemial function fis defined by
flz) = 4o +aa® + oo+ k
where o, b, and k are constants. The function f has a local minimum at # = -1, and the graph
ol [ has a point of inflection at © = -2.
{a) Find the values of a and b

(hy If ’: flz)de = 32, what is the value of &7

(a) [z} =122° + 20z + b 1:f'lx)
") = 24z + 20 1: ()
5:4 1:f=1)=10
Fl-l)=12-2a+b=0 L: f"(—2) = 0
-2 =—48+2a=0 Tovas &
a=24

b=—-12+2u =36

| : 2 : antidifferentiati
) '. {,u.i P o J.:)drﬂ wntidifferentiation
<0 <= — 1 = each error

— - el o
=& 8z h R |1‘='" s 1 : expression in &

12k
27+ k=132

k=25
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Question 6

1
The function fis differentiable for all real mumbers. The point (3,1) is on the graph of

7L : anh iy ;
y = flx), and the slope al each point (&, y) on the graph is given by f—; =y (6 —2r).
b i

o

{a) Find ﬂ and evaluate it at the point (dl)
dr? 4
(b) Find y = fir) by solving the differential equation %— =y (6 — 2r) with the initial
condition f(3) = %
&y : iy 5 oty
a) — = 2y—(6—2r) -2 2 —
(a) e S e ) — 2y Fr)
= 26 = 2r — 2¢° < — 2 = product rule or
; Fi
chain rule error
2 Fpat
&y :D_g(},) 2 ok 1 : value at (.’5.1)
g'_;gg [ 4 Lt _4 B 4
3
(hy —lzdy' = (6 — 2r)dx
¥ : 1 : separates variables
1 : antiderivative of dy term
1 . A
== =6r—1 +C 1 : antiderivative of dr term
: 611 1: constant of integration
=4=18 -0 FC =04 1 : uses initial condition f{3) = %
C=—13 1 : solves for g
1 T ~ il -
gt Note: max 3/6 [1-1-1-0-0-0] if no
constant of integration
Note: 0/6 if no separation of variables
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