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4. Let § be the shaded region in the first quadrant bounded above by the horizontal line v = 3, below by the graph
-

of ¥ = 3sin x, and on the lefi by the ventical line x = k, where 0 < £ < % as shown in the figure above.

" (@) Find the area of § w

fr= 3?(3—53%«)&

@ Am=j':_":(3-3mxm=[3;+3msx]:f: ( 1:integrand
‘x . B s 3:l 1 : antidenivative
-3{(5+9)-(5+1] @ 1 answer



X

7] t

4. Let § be the shaded region in the first quadrant bounded above by the horizontal line v = 3, below by the graph
of ¥ = 3sin x, and on the lefi by the ventical line x = k, where 0 < £ < % as shown in the figure above.

(b) The arca of § 15 a function of k. Find the rate of change of the arca of § with respect to & when k = %

‘o

AR Y B (3'-3m.\\Y\) s{:x:‘;:::,

2’ 1: -(3'3 1 - answer
: iy [ |

Al
W A(ky==3+3smk

o 4fF)=sesm(F) A m

- -
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R
][Nh!‘
I
g
Vdx
0 &
4. Let § be the shaded region in the first quadrant bounded above by the horizontal line v = 3, below by the graph rl'= 93 ':®

of ¥ = 3sin x, and on the lefi by the ventical line x = k, where 0 < £ < % as shown in the figure above.
R 5=(3snd)

(c) Region § is revolved about the horizontal line ¥ = 5 to form a solid. Write, but do not evaluate, --33‘W
ammn:mm imvolving one or more 1m.g that gives the volume of the solid when & = T

-'ﬂS’- (9"35\\;6 2 dx

© vohm:x['_’:[{s-;smﬁ-(5-3)2]:& 3. {2 integrand
- “1 1 limits and constant

- x.f::[{j - 3sinx)’ - 4] dx




Question 6
[10-2v-x* forx<1

f(xy=4
| 344 forv>1

Let f be the function defined above.
(a) Is f continuouns at x =17 Why or why not?

(b) Find the absolute minimum value and the absolute maximum value of f on the closed interval -2 < x < 2.
Show the analysis that leads to your conclusion.

(¢) Find the value of I: S(x) dx.

(a) lim f(x)= lim(lO—l\'-—.tZ):'f 2’[ 1 : considers one-sided limits
o i : " | 1 : answer with explanation
lim f(x)= lim (3+4e"")=7
=1 =1

Therefore. lim f{x) =
=1

Since i.il_ﬂf(x} = f(1). fiscontinuous at x = 1.

2

10-2x—-x*
)=
A { 3+ 4"t

Let f be the function defined above.

forx <

forx >

1
1

(a) Is f continuous at v =17 Why or why not?
(b} Find the absolute minimum value and the absalute mlimed interval -2 < x < 2.
Show the analysis that leads to your conclusi =

1) Find the value of [ 70 de {

TSRS W

17 x|y =

(b) For x =1, f'{x)=-2-2x

f(x)=0=x=-1 CN: X‘-'l,\

For x> 1. fi{x)=4"1 20

At x =1 f(x) is not defined. "”‘1—_‘_‘—
& A A
=2 10 w mh

.L.-

%-F(x) uSn‘D‘}dl{b @t %=).

T {[I]—”\'—\' ]aud—-|3+4e' l]
:1dentifies v = -l and x =1 as
cntical points

sevaluates [ at endpoints

: answers with analysis



Question 6
[10-2x-x* forx<l
f(xy=4

| 344 forv>1

Let f be the function defined above.
(a) Is f continuouns at x =17 Why or why not?

(b} Find the absolute minimum value and the absolute maximum value of f on the closed interval -2 < v < 2.

Show the analysis that leads to your conclusion.

(¢) Find the value of _[: S(x) dx.

1 : sum of integrals
3 :4 1:antdenvatives

» 147 < ¥ i
=[10x—.\‘ -3¥ ]0+[3,\ + 4e" ]1 1 aREwer

(c) I:f(.\‘) dx = L:(IO -2x- xz') dx + LE(S + 4e"""] dx

=‘10—1—%)+[[6+4e)—{3+4}]

23
=22 4 4e
3‘+

AP® CALCULUS AB

2016 SCORING GUIDELINES F'Cya
Question 5 :
For 0 <t < 24 hours. the tgmperature mside a refrigerat a kitchen is given by the tumhon W that satisfies
the differential equatid ] ls @egees Celsims (°C), and ﬁgxasﬂred in hours.
At time 7 = 0 hours. the tenpern - 1ge1mot i8.3°C.
(a) Write an equation for the line tangent to the graph t the point where t = 0. Use the equation
Ayt SMNie temperature inside the refrigerator at ¢ = 0.4 hour.

(b) Find y=TT). the particular solution to the differential equation with initial condition F(0) = 3.

(c) The temperature in the kitchen remains constant at 20°C for 0 < 7 < 24. The cost of operating the
refrigerator accumulates at the rate of $0.001 per hour for each degree that the temperature in the kitchen
exceeds the temperature inside the refrigerator. Write, but do not evaluate, an expression involving an
integral that can be used to find the cost of operating the refrigerator for the 24-hour mterval.

s . 3\

Jcos 0

t.m=0.3y  2(3)

1
2

. { 1:tangent line equation

(a) d.f
“ 7| 1: approximation

An equation for the tangent line 1

W(0.4) ~ 2(0.4)+3 @



hours. the temperature inside a refrigerator in a kitchen is given by the function 7 that satisfies

f i i 2 . "
eréMal equation ‘;T = 3:?; . (1) 15 measured in degrees Celsius (°C). and 7 is measured in hours.

At time ¢ = 0 hours, the temperanire inside the refrigerator is 3°C.

(a) Write an equation for the line tangent to the graph of y = W(r) at the point where r = 0. Use the equation
to approximate the temperature inside the re eelat?{ i 5 q,-1, lgour

(b) Find v = W(¢). the particular solutio ta the differential eqnatmn with initial condition W({0) = 3.
A e i

(¢) The temperatuze in the kitchen remains constant at 20°C for 0 = 7 = 24, The cost of operating the
refrigerator accumulates at the rate of $0.001 per hour for each degree that the temperature in the kitchen
exceeds the remperature inside the refrigerator, Write, but do not evaluate, an expression imvolving an
integral that can be used to find the cost of operating the refrigerator for the 24-hour interval.

(\6— 2W dW = 3cost df =

1 : separation of variables
J'zw dw = j Jcost dr 2 : antiderivatives
W2 = 3si 2 5:4 1:constant of integration
Sl 2t and uses initial condition
3 =300 +C = C=1 1 : solves for ¥

W?* =3sint +9
Since W(0) = 3. W = 3sin7+9 fo

Note: max 3/5 [1-2-0-0] if no constant of
integration

Note: 0/5 if no separation of variables

For 0 <7 = 24 hours, the temperature inside a refrigerator in a kitchen is given by the function W that satisfies
dW _ 3cost
the differential equation T

At time ¢ = 0 hours, the temperature inside the refrigerator is 3°C.

. W{r) 1s measured in degrees Celsius (°C). and ¢ is measured in hours.

(a) Write an equation for the line tangent to the graph of y = ¥7(r) at the point where r = 0, Use the equation
to approxunate the temperature inside the refrigerator at + = 0.4 hour.

(b) Find y = W(r). the particular solution to the differential equation with initial condition W{0) = 3.
(c) The tempe

apure-m.the k 'Icheu remains constant at 20°C for 0 = ¢ < 24. The cost of operating the
reﬁ'igerat t the rate of $0.001 per hour for each degree that the lemperanm: in the kirchen
exceeds the (ERipEr mside the refrigerator. Write, but do not evaluate, 3 ¥
integral that can be used to find the cost of operating the refrigerator for th

T

24
S 0001 (o- [3mira)
%

2 1 : int d
(©) o.omjo"{zo— W (1)) dr dollars g | LA

~ | 1 : limits and constant
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Question 3
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The function [ is defined on the mnterval =5 < x < ¢,
where ¢ > 0 and f(c) = 0. The graph of f. which
consists of three line segments and a quarter of a circle
with center (-3, 0) and radius 2, is shown in the figure

above. 3 -
(a) Find the average rate of change of f over the interval -1
[=5. 0]. Show the computations that lead to 2 ’1

your answer. ] S\
{b) For -5 < x < ¢, let g be the function defined by Graph of f

g(x)= J'_'If (1) dr. Find the v-coordinate of each point of inflection of the graph of g. Justify your answer.

3| =

(c) Find the value of ¢ for which the average value of f over the interval -5 < x < ¢ 1s

(d) Assume ¢ > 3. The function / is defined by h(x) = f(—}] Find #'(6) in terms of ¢.

(a) The average rate of change of f over the interval [-5. 0] is 1: answer

F0)-f(=5) _2

T [ ]

The function £ is defined on the fnterval =5 <z <e. ;({):9’[-@

where ¢ > 0 and f(¢) = 0. The graph of £, which

consists of three line segments and a quarter of a circle
with center (-3, 0) and radius 2. is shown in the figure

above.
-5 3/ 10 c
(a) Find the average rate of change of f over the interval =1
[-5. 0]. Show the computations that lead to )
your answer. Q
(b) For -5 < x < ¢, let & be the function defined by 0o mphof £
.

lb,- glx)=
i J!ex\- u-?o?ch'oxr i

(d) Assume ¢ > 3. The function # is defined by /i(x) = r{%) Find /'(6) in terms of c.

®) £(x)=f(x) Ogo

The graph of g has a point of inflection at ¥ = -3 because
g' = f changes from decreasing to increasing at this point.

t_Find the x-coordinate of each point of inflection of the graph of g. Justify vour answer.
"= 8

hi the average value of f over the interval -5 = v = ¢ is .

1:g'(x)=f(x)
3:4 1:identifies x=-3and x =0
1 : justification

The graph of g has a pomt of inflection at x = 0 because
g' = f changes from increasing to decreasing at this point.




The function f is defined on the interval —5 < x = ¢. M’ Ua" =
where ¢ > 0 and f{(c) = 0. The graph of f, which

consists of three line segments and a quarter of a circle

with center (-3, 0) and radius 2. 1s shown in the figure

above

[-5. 0]. Show the computations that lead to
VOUr answer.

(b) For =5 < x < ¢, let g be the function defined by

" = 5
{a) Find the average rate of change of f over the interval w

Graph of [

gix)= J‘xlf[ 1) dr. Find the x-coordinate of each point of inflection of the graph of g. Justify your answer.

(¢} Find the value of ¢ for which the average value of f over the interval -5 x < ¢ 15 -

(d) Assume ¢ > 3. The function h is defined by h{x) = f[%] Find /'(6) in terms of c.

R—;’T’ﬂ\ f“PQ.l

‘lnrm 1. l[

© [rede=3

c+ﬂ
o,
m(—:’f{—{—l]'ﬁ':“'f]—i

c=3+2x1

W 2)s e HOR)

J' 1 : integral
_._“, +( 5 _I. 3141 equnnon
eﬂ‘ 2

et [

The function f is defined on the interval —5 < x = ¢.
where ¢ > 0 and f{(c) = 0. The graph of f, which
consists of three line segments and a quarter of a circle
with center (-3, 0) and radius 2. 1s shown in the figure

above.

{a) Find the average rate of change of f over the interval
[-5. 0]. Show the computations that lead to
VOUr answer.

(b) For =5 < x < ¢, let g be the function defined by

Graph of [

gix)= J‘xlf[ 1) dr. Find the x-coordinate of each point of inflection of the graph of g. Justify your answer.

(¢) Find the value of ¢ for which the average value of f over the interval -5<x=c is %

(d) Assume ¢ > 3. The function h is defined by h(x) = f[%] Find /'(6) in terms of c.

@ wer= () e

H(6) =3[ (3) =12 = c

1: i'(x)
25
1 : answer



