< y@ éi 2014 AP° CALCULUS BC FREE-RESPONSE QUESTIONS

CALCULUSBC
SECTION I1, Part A

. ) .  Time—30 minutes _ B
MQ,‘..t- : " Number of probl'e‘ms‘—z_ . '
AL Qourds PN TP A A
A graphing calculator is required for these problems.
b aayp } |
1. Grass clippings are placed in a bin, where they decompose. For 0 < ¢ £ 30, the amount of grass clippings
remaining in the bin is modeled by7A(r) = 6.687(0.931)", \where A(z) is measured in pounds and ¢ is measured
in days.

(2) Find the avelage rate of change of 'A(t) over the mterval.\dwate units of measure.
(b) Fmd the value ‘
problem.

{c) Find tl@m which thehmount of grass clippings in the bin 1<equa1 @ the average amount of 2rass
clippings in the bin_bver the mterval(\{L\<_’a,‘&<‘3"~0_'/r :

(d) For t > 30, L( ), the linear approximation to A at ¢ = 30, is a better model for the amount of grass

clippings remaining in the bin. Use L{¢} to predict the time at which there will be 0.5 pound of grass
clippings remaining in the bin. Show the work that leads to your answer.

7 Using correct units, interpret the meaning of the valuc in the context of the
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AP® CALCULUS AB/CALCULUS BC

2014 SCORING GUIDELINES

Question 1

Grass clippings are placed in a bin, where they decompose. For 0 < ' < 30, the amount of grass ¢lippings

remaining in the bin is modeled by A(r) = 6.687(0. 931) where A(t) is measured in pounds and ¢ is measured
in days.

(a)
(b)

(c}

(@

Find the average rate of change of "A(¢) over the interval 0 < ¢ < 30. Indicate units of measure.

Find the value of 4'(15). Using cotrect units, interpret the meaning of the value in the context of the
~ problem.

Find the time ¢ for which the amount of grass clippings in the bin is equal to the average amount of grass

clippings in the bin over the interval 0 < ¢ < 30.

For ¢ > 30, L(t), the linear approximation to 4 at ¢ = 30, is a better model for the amount of grass
clippings remaining in the bin. Use L(¢) to predict the time at which there will be 0.5 pound of grass
clippings remaining in the bin. Show the work that leads to your answer,

(a)

(b)

(c)

(d)

A(30) - 4(0) _

30-0 =0.197 (or —0.196) lbs/day

A'(15) = —0.164 (or —0.163)

The amount of grass clippings in the bin is decreasing at a rate
of 0.164 (or 0.163) Ibs/day at time ¢ = 15 days.

A() = 30j At dit = £ =12:415 (or 12414)

L{t) = A(30) + A(30)- (t - 30)

A'(30) = -0.055976
A(30) = 0.782928

L(f) = 0.5 = 1 = 35.054

© 2014 The College Board.

1 : answer with units

2:{

1
1

: A'(15)
: interpretation

C1 g3
.30j0 A(t) dt

' answer

: expression for L(¢)
CL{t) =05
: answer
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2. The grap‘hs of the polar curves r = 3 and r = 3 — 2sin{28) are shown in the figure above f

(a) Lc@m the shaded region that is inside the sraph of » = 3 and inside the graph of r = 3 — 2sin(28). Find
the{area bt R. :

(b) For the curvé r = 3 — 2sin(26), find the value of % at o= %.

(c) The distance between the two curves changes for 0 < 8 < 525 Find the rate at which the distance between
the two curves is c‘hanging with respect to & when 8 = %
{d) A particle is moving along the curve » = 3 — 2sin(260) so that a9 _ 3 for all times ¢ 2 0. Find the value

dt
dr _r
of 7 aL 8 = 6

@ mex LT psmn oy - aond

+
JLL S;L ("3\’!’ ab = ’].D\pq - (q_’mcél

.END OF PART A OF SECTIONIi .
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AP® CALCULUS BC
2014 SCORING GUIDELINES

Question 2

The graphs of the polar curves » = 3 and » = 3 - 2sin(26) are
shown in the figure above for 0 < @ < 7.

(a) Let R be the shaded region that is inside the graph o‘f =3
and inside the graph of » = 3 - 2sin(268). Find the area of R.

(b) Forthe curve r = 3 ~ 2sin(28), find the value of 6;—‘{2 at

[

(c) The distance between the two curves changes for 0 < 8 < —725

[R—

it which the distance between the two curves is changing with respect to & when 8 = 335

(d} A particle is moving along the curve » = 3 — 2sin(28) so that a9 =3 for all times ¢ = 0. Find the valug -

dt
dr o
of E‘ at @ = ra
2
(a) Arca = 97” + %jﬂ” (3 - 2sin(20))* do (1 integrand
= 9.708 (or 9.707) 3091 limits
' 1 : answer
(b) x=(3-2sin(28))cos @ _ 5. |1+ expression for x
dx 2366 "1 1:answer
df 8=rl6 ' b
{c) The distance between the two curves is ‘ 5. 1 : expression for distance
D =3-(3-2sin(26)) = 2sin(28). "1 answer
4D )
46 O=x/3
dr _ dr do _ dr .
(d) E’t: = d_; s %-3 5. [ : chain rule with respect to ¢
dr _(2)(3) = =6 | 1: answer
dt f=n]6
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g&) 2014 AP® CALCULUS BC FREE-RESPONSE QUESTIONS

¥

CALCULUSBC .
SECTION I, Part B -
Time— 60 minutes
Number of problems—4

No calculator is allowed for these prﬁbleﬁl's.

4 )

Graphol §

3. The function f is defined on the closed interval [-5, 4]. The graph.of f consists of three line segments and is
shown in the figure above. Let g be the function defined by g(x j f@) dt
(a) Find g(3).

(b) On what open intervals contained in =5 <.x < 4 is the graph of g both increasing and concave down?
Give a reason for your answer.

(¢) The function J is defined by h(x) = £ -x). Find h'(3).

(d) The function p is defined by pixy=7r

x* - 'x) Find the slope of the line tangent to the graph of p at'the
point where x = ~1,

CELRNNTY 4 B QWW

hred 5(5D= m\m Y A= -

v t-l = [4]
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The function f is defined on the closed interval [-5, 4]. The graph
of £ consists of three line segments and is shown i the figure above.

AP® CALCULUS AB/CALCULUS BC
2014 SCORING GUIDELINES

Question 3

Let g be the function defined by g(x) = .[_; f(t)dr.

(2)

(b) On what open intervals contained in —5 < x < 4 is the graph

i . .
of g both Increasing and concave down? Give a reason for your

(c)

(d)

Find

answer.

[

The function / is defined by A(x) = % Find #'(3).

The function p is defined by p(x) = f (x2 - x). Find the slope
of the line tangent to the graph of p at the point where x = -1.

(-5, 2)

Grapitof f

(a)

(b)

(©)

(d)

€)= [ fl)dr=6+4-1=9

g'(x) = f(x)

The graph of g is increasing and concave down on the
infervals —5 < x < -3 and 0 < x < 2because g’ = f is
positive and decreasing on these intervals,

by 58— 205 _ Sxe'x) - 5g(x)

(5){7)2 25x2

H(3) < (5}(3)%2’5(%15 5g(3)
_15(=2)-5(9) _-75 _ 1

225 7225 3

p(x) = f(a® - x)(2x-1)

PED)=7(2)3)=(2)(-3)=6

© 2014 The College Board.

1: answér
2. 1 : answer
1 : reason
3. 2: h(x)
" | 1: answer
5. 120 7(x)
771 : answer
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2014 AP® CALCULUS BC FREE-RESPONSE QUESTIONS

t

&Q‘g _Eﬁ (minutcsj 0 2 > 8 12
2D B e

A8 6 s -2 A(r)_ 0 | 100 [ 40 |-120 | 150
X \}%4 ¥ (meters / minute)

4. Train A runs back and forth pn an_east-west section of railroad track. Train A’s velocity, measured in meters
per minute, is given by € differentiable functidn v,(t), where time ¢ is measured in minutes. Selected values for
v, (1) are given in the table above. '

(a) Find the(average accelerationjof train A over the interval 2 <t <8,

(b) Do the data in the table support the conclusion that train A’s velocity is —100 meters per minute at some
time ¢ with 5 < t < 8?7 Give a reason for your answer.

(c) Attime ¢ = 2, train A’s position is 300 meters east of the Origin Station, and the train is moving to the east.
Write an expression involving an integral that gives the position of train A, in meters from the Origin
Station, at time ¢ = 12. Use a trapezoidal sum with three subintervals indicated by the table to approximate
the position of the train at time ¢ = 12.

(d} A second train, train B, travels north from the Origin Station. At time ¢ the velocity of train B is given by

vg(f) = —5¢% + 60z + 25, and at time ¢ = 2 the train is 400 meters north of the station. Find the rate, in
meters per minute, at which the distance between train A and train B is changing at time ¢ = 2. |
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Train 4 runs back and forth on an east-west section of
railfoad track. Train A’s velocity, measured in meters per
minute, is given by a differentiable function v,(z), where

time ¢ is measured in minutes. Selected values for v ,(¢)

AP® CALCULUS AB/CALCULUS BC

2014 SCORING GUIDELINES

Question 4

¢ (minutes)

12

v, () (meters/minute){ 0 | 100

40

-120

=150

are given in the table above.

(a)
(b)

()

(d)

Find the average acceleration of train A over the interval 2 < ¢ < 8.

Do the data in the table support the conclusion that train A’s velomty i$ —100 meters per minute at some t1me f

with 5 < ¢ < 8 7 Give a reason for your answer.

At time ¢ = 2, train 4’s position is 300 meters east of the Orlgm Station, and the tram is moving to the east.
Write an expression involving an integral that gives the position of train 4, in meters from the Origin Station, at
time ¢ = 12, Use a trapezoidal sum with three subintervals indicated by the table to approxunate the position of

the train at time ¢ = 12.

A second train, train B, travels north from the Origin Station. At time 7 the velocity of train B is given by
vg(t) = —5¢% + 60z + 25, and at time ¢ = 2 the train is 400 meters north of the station. Find the rate, in meters
per minute, at which the distance between train 4 and train B is changing at time 1= = 2.

(a)

(b)

(c)

(d)

v (8)=v,(2) _ -120-100 _ 110
"8-12 6 3

average accel = m/min?

v, is differentiable = v, is continuous
v4(8) = —120 < —100 < 40 = v 4(5)

Therefore, by theé Intermediate Value Theorem, there is a time £
5 <t < 8, suchthat v () = -100,

54(12) = 54(2)+ [, va(r) de =300+ [ va(ry

12 100+40 ., 40-120 , , —120—150
jsz(t)dz~3- S T 4

= -450
5,(12) = 300 — 450 = —150

The position of Train A at time # = 12 minutes is apprommately 150
meters west of Origin Station,

Let x be train A’s position, y train B’s position, and z the distance

batween train 4 and train B.
;2 gz _ o, dx ay
=x° +y :>22dt Zxdt+2ydf'
x=300,y =400 = z =500

v3(2) = -20+120 + 25 = 125

500— = (300)(100) + (400)(125)

dz _ 80000

T S0 " 160 meters per minute

© 2014 The College Board.,

1
2:
{l

.3: l
1
2

3:
1

Visit the College Board on the Web: www.collegeboard.org.

"1 : average acceleration

: trapezoidal sum

1 v4(8) < -100 < v (5)
: conclusion, using IVT

: position expression

: position at time f = 12

distance relationship

L answer

: implicit differentiation of




2014 AP®° CALCULUS BC FREE-RESPONSE QUESTIONS

W=~ ’l;*
. Let R be the shaded region bounded by the graph of y = xe® , the line y = =2x, and the vertical line x = 1, as
shown in the figure above,

(a) Find the area of R,

[}

(b) Write, but do not evaluate, an integral expression that gives the volume of the solid gcnerated When R is
rotated about the horizontal line y = ~2.

(c) Write, but do not evaluate, an expression involving one or more integrals that gives the perimeter of R.

@ vea R S,l (re* - (20)x - S{,I K +ax dX
¢ L_

v
u=x’"
du: ’L)(dX ‘

Ve’

50 e " x'] \
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AP® CALCULUS BC
2014 SCORING GUIDELINES

Question b

Let R be the shaded region bounded by the graph of y = Jce"2 , the line y = —2x,
and the vertical line x = 1, as shown in the figure above. '
(a) Find the arca of R.

{b) Write, but do not evaluate, an inteéral expression that.gives the volume of the
solid generated when R is rotated about the horizontal line y = -2,

(c) Write, but do not evaluate, an expression involving one or more integrals that
gives the perimeter of R. '

] 2 .
(a) Area = J- (xex - (—Zx)) dx 1 : integrand
i X el 314 1:antiderivative
= [Ee” + xz} 1 : answer
N x=0
_{1 1 _e+1
= (2 e+ 1) 3 =773
1 .
5 2 . ¥
(b} Volume =7 [(xe’r + 2) -(2x+ 2)2 dx . 3: { 2: 1T1te.grand
0 - 1 : limits and constant
, 2 2 2 .
(cy y'= %(xex ) =" +2x%° = exz (1 + 2x2) : 1:y' = 312 (1 + 2x2)'
) ' 319 : integral
L Tz 1 : answer
Perimeter = 5 + 2 + e + j Jl +- [exz (1 + 2x% )} dx :
0 : .

© 2014 The College Board.
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6. Th or a function f about x =1 is given bs Z( "+12n (x 1)]and converges to f(x) for -

n=]|

|x = 1| < R, wher{ R is the radius of convergencg of the Taylor series.
{(a) Find the value of R. '

(b) Find the first three nonzero terms and the general term of the Taylor series for f”, the derivative of f,
about x = 1. '

(¢) The Taylor series for f” about x = 1, found in part (b), is a geometric series. Find the function £’ to which
the series converges for |x — 1| < R. Use this function to determine f for |x -1l < R.
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[ .l

nzZ: (P a0t s (N 2%(x-) o2 06)*
ey 2 7

nes. (0PN 2007 (N2 . 220
=3 __.(Ls

B0 2 - 220 + 270

© 2014 The,

et

i




@ A1 0 Qvenic Sents

' (0= Z Qm\ N b(\ i ‘Yﬂ 2 (x- N \
n=z| | - (‘)(Q)(X )0
V:'m 0, =2 e &

‘{j\ _ : a0 _ 9 ) N : -
| = (-a(x-1) - Caxady 1A Q‘Xll

Y- £
2%\
= LX-1 AU
- § 2 &% fndx S
BV VAR
Sinte FY0 &« @ O-\Yi=0 = (mignod senes)
nl2n-+C =0
n| +C=0
D+ (=0

O —
PEL\L\ Wn|ax- \W




23]
The Taylor series for a function f about x =1 is given by Z(—l‘)

AP® CALCULUS BC
2014 SCORING GUIDELINES

Question 6

|x —1] < R, where R is the radius of convergence of the Taylor series.

(a)

Find the value of R.

M
n+l 2?'( x=1)" and converges to f(x) for

(b) Find the first three nonzero terms and the general term of the Taylor series for f7, the derivative of £, about

(c)

x=1,

The Taylor series for ' about x = 1«,- found in part (b), is a geometric series. Find the function f’ to which
the series converges for |x — 1| < R. Use this function to determine £ for |x -1 < R.

(a)

®

(c)

Let a, be the nth term of the Taylor series.

. _ (_1)|1+'2 2n+l (x _ l)n+1 -- o
a, n+1 (_1.)n+1 ol (x _ ])n
_ 2n(x-1)
B r+1
lim :_Z_n_(x;l)’ =2ix -1
n—o n+l

2x=1]<l = x-1]< 3
The radius of convergence is R = %

The first three nonzero terms are -
2—4(x—1)+8(x ~1)%.

The general term is (—1)"" 2" (x —1)"™ for n 2 1.
The common ratio is —2{x —1).

: 2 2
fx) = T=(2(x—1) 2x-1

1
for |x 1|<5

f(x)=fﬁdx=1n|zx—1|+c

J{1)=0
mf|+C=0=C=0

f(x) = In|2x - 1] for |x - 1] <%

© 2014 The College Board.

1 : sets up ratio
I : computes limit of ratio-
L : determines radius of convergence

2 : first three nonzero terms
1 : general term

1)

1 : antiderivative

[ 1: f(x)

{
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