AP® CALCULUS AB/CALCULUS BC
2015 SCORING GUIDELINES

Question 1

2
The rate at which rainwater flows into a drainpipe is modeled by the function R, where R(¢) = 20sin [;—5] cubic

feet per hour, ¢ is measured in hours, and 0 < ¢ < 8. The pipe is partially blocked, allowing water to drain out the
other end of the pipe at a rate modeled by D(¢) = —0.047> + 0.4t> + 0.96¢ cubic feet per hour, for 0 < 7 < 8.

There are 30 cubic feet of water in the pipe at time ¢ = 0.

(a) How many cubic feet of rainwater flow into the pipe during the 8-hour time interval 0 <7 < 8 ?

(b) Is the amount of water in the pipe increasing or decreasing at time ¢ = 3 hours? Give a reason for your
answer.

(¢) Atwhattime ¢, 0 <t < 8, is the amount of water in the pipe at a minimum? Justify your answer.

(d) The pipe can hold 50 cubic feet of water before overflowing. For ¢ > 8, water continues to flow into and out
of the pipe at the given rates until the pipe begins to overflow. Write, but do not solve, an equation involving
one or more integrals that gives the time w when the pipe will begin to overflow.

8
R(t) dt = 76.570
@) Jo ( ) 1 : answer

5. { 1 : integrand
(b) R(3)-D(3)=-0.313632<0 5 { 1 : considers R(3) and D(3)

Since R(3) < D(3), the amount of water in the pipe is 1 : answer and reason

decreasing at time ¢ = 3 hours.

(c) The amount of water in the pipe at time 7, 0 < ¢ < 8, is 1 : considers R(¢)— D(t) =0

30 + [ [R(x) - D(x)] dx. 3:y 1:answer
0 1 : justification

R(t)-D(t)=0 = t =0, 3.271658

t | Amount of water in the pipe
0 30

3.271658 27.964561
8 48.543686

The amount of water in the pipe is a minimum at time
t =3.272 (or 3.271) hours.

w 1 : integral
d 30 R(t) = D(t)] dt = 50 :
(d) + Jo [R(2) - D(1)] 1 : equation
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1. The rate at which rdinwater flows into a dramplpe is modeled by the funct?o/le where R( ) =20 sm( 35 zﬂ)

cubic feet per hour, ¢ is measured in hours, and 0<r<8. The pipe is pam?ﬂ?biﬁeked—allemg_mter—t

otit the other end of the pipe at a rate modeled by D(¢) = —0.047> + 0. 4t + 0.96¢ cubic feet per hour, for
0 <t<8. There are 30 cubic feet of water in the pipe at time 7 =

- (a) How many cubic feet of ramwater ﬂow into the pipe durmg the 8-hour time interval 0 <t <8 ?
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(b) Is the amount of water in the pipe increasing or decreasing at time ¢ = 3 hours” Give a reason for your
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(c) Atwhat time ¢, 0 < ¢ < 8, is the amount of water in the pipe at a minimum? Justify your answer.

T‘4=0 e £=0,3 271&68%
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(d) The pipe can hold 50 cubic feet df water before overflowing. For # > 8, water continues to flow into and out

of the pipe at the given rates until the pipe begins to overflow. Write, but do not solve, an equatlon involving
one Or more mtegrals that gives the time w when the pipe Wi]l begin t0 overflow. ——

Ho =T W |
1 50=20 ’rg:T(bSauL

V Sm S@w ﬁuﬂc(,f
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1. The rate at which rainwater flows into a drainpipe is modeled by the function R, where R(z) = 20 sin(%j
cubic feet per hour, ¢ is measured in hours, and 0 < ¢ < 8. The pipe is partially blocked, allowing water to drain
out the other end of the pipe at a rate modeled by D(z) = —0.04¢> + 0.4> + 0.96¢ cubsic feet per hour, for
0 <t < 8. There are 30 cubic feet of water in the pipe at time ¢ = 0.

(a) How many cubic feet of rainwater flow into the pipe during the 8-hour time interval 0 <t < 8 ?

'{_/Z

[ 20 sn (%) dt = 1057035295 #4°

(b) Is the amount of water in the pipe increasing or decreasing at time ¢ = 3 hours? Give a reason for your
answer.

At £=2hars,  PQ) 4-D(’L>-'~ The amoont oF weder in 4
pipe s o\uveasx\y\j

Q<S>= 20 sin ( 55> = 5.080 2 oo

N3)- -~ 04(2)x 43+ 6,90(3):5.4 4+3>/LW'
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(c) Atwhattime ¢, 0 < ¢ < 8, is the amount of water in the pipe at a minimum? Justify your answer.

RW=0- z0snlE) @ 4:0, 10.48L

)
t

—+ ~+ -

+
0 (0.48 b

Obs MMM+ = O -

(d) The pipe can hold 50 cubic feet of water before overflowing. For 7 > 8, water continues to flow into and out
of the pipe at the given rates until the pipe begins to overflow. Write, but do not solve, an equation involving
one or more integrals that gives the time w when the pipe will begin to overflow.

0+ “ 1=\ y w
” . _ . 5 .
5073 0 ZOS‘”(%_&“ , 00+ 4" + .9t dU

Unauthorized copying or reuse of GO ON TO THE NEXT PAGE.

any part of this page is illegal. 5

©2015 The College Board.
Visit the College Board on the Web: www.collegeboard.org.

*JOp10q SIY) PU0Aaq 9JLIM JOU O(]



YYLILL UL Y VLU LD UULULL.

FOLVEVIVIY

™ S

2

1. The rate at which rainwater flows into a drainpipe is modeled by the function R, where R(t) = 20sin (%)

cubic feet per hour, ¢ is measured in hours, and 0 < ¢ < 8. The pipe is partially blocked, allowing water to drain

out the other end of the pipe at a rate modeled by D(r) = —0.041> + 0.41> + 0.96¢ cubic feet per hour, for
0 <t < 8. There are 30 cubic feet of water in the pipe at time ¢ = 0.

(a) How many cubic feet of rainwater flow into the pipe during the 8-hour time interval 0 <t < 8 ?

(0,30)

0(8) < 100 (£
= 705N _‘_\B

(2
RT8Y-17 3392

(b) Is the amount of water in the pipe increasing or decreasing at time ¢ = 3 hours? Give a reason for your
answer. 7

) - §_>
L(5) 1040 (Z

=20 §iN (g—s\
03)= 5. 08637

DY = -0.09(3V% 0.4(a 4 D A(5)
D\ -5 .4
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(c) Atwhattime #z, 0 <t < 8, is the amount of water in the pipe at a minimum? Justify your answer.

J,—L
/),ij {ég = -0.,04 {5 rOﬁ‘rquOﬂ(af

{

(d) The pipe can hold 50 cubic feet of water before overflowing. For 7 > 8, water continues to flow into and out
of the pipe at the given rates until the pipe begins to overflow. Write, but do not solve, an equation involving
one or more integrals that gives the time w when the pipe will begin to overflow.
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AP® CALCULUS AB/CALCULUS BC
2015 SCORING COMMENTARY

Question 1
Overview

In this problem students were given R(t), the rate of flow of rainwater into a drainpipe, in cubic feet per hour,
and D(t), the rate of flow of water out of the pipe, in cubic feet per hour. Both R(#) and D(¢) are defined on the

time interval 0 < ¢ < 8. The amount of water in the pipe at time ¢ = 0 is also given. In part (a) students needed to
use the definite integral to compute the amount of rainwater that flows into the pipe during the interval 0 < ¢ < 8.

8
Students had to set up the definite integral jo R(?) dt and evaluate the integral using the calculator. In part (b)

students should have recognized that the rate of change of the amount of water in the pipe at time ¢ is given by
R(t) — D(t). Students were expected to calculate R(3) — D(3) using the calculator and find that the result is

negative. Therefore, the amount of water in the pipe is decreasing at time ¢ = 3. In part (c) students had to find
the time ¢, 0 < ¢ < 8, at which the amount of water in the pipe is at a minimum. Students were expected to set up

t
an integral expression such as 30 + JO[R(x) — D(x)] dx for the amount of water in the pipe at time #. Students

should have realized that an absolute minimum exists since they are working with a continuous function on a
closed interval, and this minimum must occur at either a critical point or at an endpoint of the interval. Students
were expected to use the calculator to solve R(z) — D(¢) = 0 and find the single critical point at 7 = 3.272 on the
interval 0 < ¢ < 8. Students should have stored the full value for ¢ in the calculator and used the calculator to
evaluate the function at the critical point and the endpoints. In this case the amount of water is at a minimum at
the single critical point. In part (d) students were asked to write an equation involving one or more integrals that
gives the time w when the pipe will begin to overflow. Students were expected to set up an equation using the
initial condition, an integral expression, and the holding capacity of the pipe, such as

30 + IOW[R(t) — D(t)] dt = 50.

Sample: 1A
Score: 9

The response earned all 9 points.

Sample: 1B
Score: 6

The response earned 6 points: 2 points in part (a), 2 points in part (b), no points in part (c), and 2 points in part (d).
In parts (a) and (b), the student’s work is correct. In part (c) the student works with R(#) rather than R(¢) — D(¢).
In part (d) the student’s work is correct.

Sample: 1C
Score: 3

The response earned 3 points: no points in part (a), 2 points in part (b), 1 point in part (c), and no points in part (d).
In part (a) the student finds the rate at which water enters the pipe rather than the total amount. In part (b) the
student’s work is correct. In part (c) the student earned the first point for considering R(¢) — D(t) = 0.
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Question 2

Attime ¢ > 0, a particle moving along a curve in the xy-plane has position (x(¢), y(¢)) with velocity vector

w(t) = (cos(tz), eO'St). At t =1, the particle is at the point (3, 5).

(a) Find the x-coordinate of the position of the particle at time ¢ = 2.

(b) For 0 < ¢ < 1, there is a point on the curve at which the line tangent to the curve has a slope of 2.
At what time is the object at that point?

(c) Find the time at which the speed of the particle is 3.
(d) Find the total distance traveled by the particle from time ¢ = 0 to time ¢ = 1.

5 1 : integral
@) x(2)=3+ L cos(#*) dt = 2.557 (or 2.556) 3:4 1: uses initial condition
1 : answer

d_y B dy/dl B eO.St

b B - 1:sl in t ft
(b) dx  dx/dt cos(tz) 7. slope 1n terms o
1 : answer
0.5¢
=2
cos(t )
t =0.840
(©) Speed = ycos’ (tz) +e 5. 1 : speed in terms of ¢
“| 1:answer

cos’ (tz) +é =3

t =2.196 (or 2.195)

! 1:int |
(d) Distance = [ \Jcos” () + €' dr = 1.595 (or 1.594) 2: { ntegra
0 1 : answer
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2. Attime ¢ > 0, a particle moving along a curve in the xy-plane has position (x(¢), y(¢)) with velocity vector
v(t) = (cos(tz), 5\0‘5’). At t = 1, the particle is at the point (3, 5).
~/

dx oy
(a) Find fhe x-cogrdinate of the position of the particle at time ¢ = 2.
2 S B
K@) = 3t j coslfHds = /2.55F
|

(b) For 0 <t < 1, there is a point on the curve at which the line tangent to the curve has a slope of 2.

At what time is the object at that point? :
: 0.5+

dy _ 2 e S )
a1 = ‘ AT Bt T cosH)
. | N P,
2 -
d¥ = oS C*'~) ‘,'/ __I,_, = 840 3 / —2}80 W\nvz \
av : S e
; ~ - o X
T L
' 0
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(c) Find the time at which the speed of the particle is 3.

vl = \TEC“G")]Z*'EGO'HJ_Z' - 3
+ = 2,196

(d) Find the total distance traveled by the particle from time ¢ = 0 to time 7 = 1. -
. | =+ 2
> 4 2 0.5t
= : oft e dt
ArcLeng‘H\_ j l[c ¥) +[ ]
= o

- "75q5
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2. Attime ¢ 2 0, a particle moving along a curve in the xy-plane has position (x(¢), y(t)) with velocity vector

v(t) = (cos(tz), 05’). At t = 1, the particle is at the point (3, 5).

(a) Find the x-coordinate of the position of the particle at time ¢ = 2.

4
34 st an = Y

(b) For 0 < t < 1, there is a point on the curve at which the line tangent to the curve has a slope of 2.
At what time is the object at that point?

4 =25
'Cf') _
- 1;1763.‘5{’
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(c) Find the time ;1t which the speed of the particle is 3

, . )
@{P})ZJ—(&"'S??;% ot () 4 eT=7
=219 |

(d) Find the total distance traveléd by the particle from time 7 = 0 to time ¢ = 1.

\
, l
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2. Attime ¢ > 0, a particle moving along a curve in the xy-plane has position (x(z), y(t)) with velocity vector

w(1) = (cos(2?), %) At ¢t = 1, the particle is at the point (3, 5).
p

(a) Find the x-coordinate of the position of the particle at time ¢ = 2.

-X\oﬁ 5"\53 .
i &5 ’l— 1 o .—\—— .
€ (3 (&%), 2e Vr) %= ¢ sn(¥) +C
3 xS 58 () A
(z@ o= (2%) 2e >3= 7 sin(D+C

(F snlD+5158) B S =

= S.\S—%
@H,qsqz

(b) For 0 < t < 1, there is a point on the curve at which the line tangent to the curve has a slope of 2.

At what time is the object at that point?

.ot

t=4.1%94
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(c) Find the time at which the speed of the particle is 3.

2= J (KO G
3=J¢( cos(3D)) (€ s

4= "72.1496

(d) Find the total distance traveled by the particle from time ¢z = 0 to time 7 = 1.

=
o

e i
Cos(-k")\ dt = bIso
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Question 2
Overview

In this problem students were given the velocity vector of a particle moving in the xy-plane with position

(x(¢), y(t)). The particle is at the point (3, 5) at time ¢ = 1. In part (a) students had to find the x-coordinate of

the position of the particle at time ¢ = 2. The x-coordinate of the position of the particle at # = 1 added to the net
2

change from 7 =1 to ¢ = 2 produces the x-coordinate at ¢ = 2, which is x(1) + L cos(tz) dt. Students were

expected to evaluate this expression with the calculator. In part (b) students were given that there is a point on the

curve at which the line tangent to the curve has a slope of 2. Students needed to find the time at which the particle

dy dy/dt dy

was at that point. Students had to realize that - dr Tdi and then solve the equation o 2 using the

calculator. In part (c) students were asked to find the time at which the speed of the particle is 3. Students needed

2 2
to solve the equation (%) + (%) = 3 using the calculator. In part (d) students were asked to find the total

distance traveled by the particle from time ¢# = 0 to time 7 = 1. Students needed to set up the integral expression

1 2 2
j (%) + (%) dt and then evaluate this expression using the calculator.
0

Sample: 2A
Score: 9

The response earned all 9 points.

Sample: 2B
Score: 6

The response earned 6 points: 2 points in part (a), 2 points in part (b), 1 point in part (c), and 1 point in part (d). In
part (a) the student presents a definite integral equal to the change in the x-coordinate of the particle from time ¢ =1
to ¢ = 2, so the first point was earned. The student presents the correct use of the initial condition, so the second
point was earned. The student does not state the correct answer. In part (b) the student’s work is correct. In part (¢)
the student presents an expression for the speed in terms of ¢ set equal to the given speed of 3, so the first point was
earned. The student does not state the correct answer to three decimal places, so the second point was not earned. In
part (d) the student presents a definite integral equal to the distance the particle traveled from time ¢ = 0 to # =1, so
the first point was earned. The student does not state an answer.

Sample: 2C
Score: 3

The response earned 3 points: no points in part (a), 1 point in part (b), 2 points in part (c), and no points in part (d).
In part (a) the student does not present an integral, so the first point was not earned. The student attempts to anti-
differentiate cos (t2 ) Neither the second nor third points were earned. In part (b) the student presents a correct

expression for slope in terms of ¢, so the first point was earned. The student does not state the correct answer. In
part (c) the student’s work is correct. In part (d) the student presents a definite integral whose integrand does not
represent the speed of the particle.

© 2015 The College Board.
Visit the College Board on the Web: www.collegeboard.org.



AP® CALCULUS AB/CALCULUS BC
2015 SCORING GUIDELINES

Question 3

t

) 0 12 20 24 40
(minutes)

(1)

(meters per minute)

0 200 | 240 | -220 | 150

Johanna jogs along a straight path. For 0 < ¢ < 40, Johanna’s velocity is given by a differentiable function v.
Selected values of v(¢), where ¢ is measured in minutes and v(#) is measured in meters per minute, are given in
the table above.

(a) Use the data in the table to estimate the value of v'(16).
40
(b) Using correct units, explain the meaning of the definite integral _[0 |v(2)| dt in the context of the problem.

Approximate the value of J.;O|v(t)| dt using a right Riemann sum with the four subintervals indicated in the
table.
(c) Bob is riding his bicycle along the same path. For 0 < ¢ <10, Bob’s velocity is modeled by
B(t) = t — 61> + 300, where ¢ is measured in minutes and B(t) is measured in meters per minute.
Find Bob’s acceleration at time ¢ = 5.

(d) Based on the model B from part (c), find Bob’s average velocity during the interval 0 < ¢ < 10.

240 - 200

(@ Vv'(16) ~ S0~ - = 5 meters/min” 1 : approximation
40
(b) '[0 |v(2)| dt is the total distance Johanna jogs, in meters, over the 1 : explanation
time interval 0 < ¢ < 40 minutes. 3:4 1:right Riemann sum

1 : approximation
40
[, V(0] di ~12-[v(12)] + 8-[w(20)| + 4-[(24)| + 16| (40)|
=12-200+8-240 + 4-220 +16-150

= 2400 + 1920 + 880 + 2400
= 7600 meters

(c) Bob’s acceleration is B'(r) = 3t* —12t. 5 { 1 :uses B'(¢)
B'(5) = 3(25) - 12(5) = 15 meters/min* I': answer
10
(d) Avgvel = Lo [ (¢ = 62 +300) ds | - integral
10 3:4 1: antiderivative
= L{ —-20 + 300t} 1 : answer
10 0
- Lo[loooo 2000 + 3000} — 350 meters/min
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t

(minutes)

(1)

(meters per minute)

0 200 | 240 | =220 | 150

3. Johanna jogs along a straight path. For 0 < ¢ £ 40, Johanna’s velocity is given by a differentiable function v.
Selected values of v(r), where ¢ is measured in minutes and v(¢) is measured in meters per minute, are given in
the table above.

(a) Use the data in the table to estimate the value of v’(16).

—

\/L&o}—\)(\?-)’_ 240 =200 4o g0

—

T T F T =0

M
Mﬁml

. )
N R e

40 o
(b) Using correct units, explain the meaning of the definite integral Jo |v(#)| dt in the context of the problem.

40
Approximate the value of -[0 |v(2)| d using a right Riemann sum with the four subintervals indicated in the

table. 4o .
by f Jutildt wpreserts Yhe fofod dilonce in

: Mdm Johenna
ond ‘{' =40 prasTes.

2o
Hrowelad h’**""w %\m_ = D

90 . Lo
f Nt ter & [12(200) + ElAo)T 4@ 4 (150D ]

& = 2400 + 1920 7 g0+ 2400

TLOD  rratare
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(c) Bob is riding his bicycle along the same path. For 0 < # <10, Bob’s velocity is modeled by

B(t) = 12 — 61> + 300, where ¢ is measured in minutes and B(r) is measured in meters per minute.

Find Bob’s acceleration at time ¢ = 5.

©)  alustion = Bl = ot ~12T

Bx-(‘;) = 28 —12153)
m
= 15-L0 = |5 moa?

(d) Based on the model B from part (c), find Bob’s average velocity during the interval 0 < ¢ < 10.

pisuihar =}

g o
&) !.Ebti."r‘é: " g(—ts Lt ¥300007

*1OpI10q ST} PUOAAQ 2JLIM 10U O

' |O
’ lo
) ' 2 ¢ 4.
= L.t o2 oyt
10 Y o
|
lo” 39_390_ 006 4 3000 |
\ M
= _ 4 = 250 —
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: 0 12 20 24 40 , . -
(minutes) : . ’

¥(1)

(meters per minute)

0 | 200 | 240 | —220 | 150

3. Johanna jogs along a straight path For O <t< 40 Johanna’s velocity is given by a dlfferenUable function v.
Selected values of v(¢), where ¢ is measured in rmnutes and v(¢) is measured in meters per minute, are given in

the table above _
() Use the data in the table to estimate the value of v (16)

oy - () s

— =

~WE s B

"~ (b) Usmg correct umts explam thc mcamng of the deﬁmte mtegral J v(t)| dt in the context of the probiem.

_ Apprommate the value of J (1)) dt usmg a nght Rlemann sum w1th the four subintervals indicated in fl-ief

g‘*; ucm I
‘\o%ov\r\C\ | WCY"“’\ -‘é O .’LD t L{'O

200(41‘)+ %o(g\ +22—O(43 1~ %o(’lé)

m +n+al d;sm«ce, : comwso{ )@

= 2400 + DllO o+ g80+ l‘*oo

= Lr%OO %2%00 :  7'5001

‘Unauthorized copying or reuse of . -Continue problem 3 on page 15.
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b

(c) Bob is riding his bicycle along the same path. For 0 < ¢ < 10, Bob’s veloﬁity ig modeled by

B(t) = > = 61> + 300, where ¢ is measured in minutes and B(z) is measured in meters per minute.

Find Bob’s acceleration at time ¢ = 5.
G2t -<42T -
B'E)= 228 42

= jq’ éO =415 (m/n’\mm@/n«mﬁ'ﬁ/

(@ Based on the model B from part (c), find Bob’s average velocity during the interval 0 < t < 10. o

- = i,ﬂesjé{f?@oo A tnelors [ onade -

e L ~ GO ON TO THE NEXT PAGE.
any part of this page is lllegal. . T . .
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Tt 142
NO CALCULATOR ALLOWED 5 C
i {
2% il 4 4%
v | ) t 0 12> 20 24 I4O
(minutes) '
v(t) ' '
0 200 | 240 | -220 | 150
(meters per minute) :

3. Johanna jogs along a straight path. For 0 < ¢ < 40, Johanna’s velocity is given by a differentiable function v.
Selected values of v(t), where ¢ is measured in minutes and v(¢) is measured in meters per minute, are given in

the table above.
(a) Use the data in the table to estimate the value of v’(16).

V) & 20 s T |ro
20— L Z 6 - K

o , 40 . i
@l sing correct units, explain the meaning of the definite integral -[o |v(#)| @¢ in the context of the problem.
' 40 ' -
Approximate the value of Jl . |v()| dt using a right Riemann sum with the&_our\spbintcrvals indicated in the

table. . ‘1@ . ‘_ l

J:IV('F))' Ty dha ‘lifi]_'iﬁ"f’l%- bavdlle

| “hLy Fohsant  ]oY)
i‘”“(nu->

Lechwer by «s positive
(\V\ clo Atv\d .

pooitive
| s
"'U"-\‘ d‘) "’t’\CL = OL)(ZoeD + 8(7/'10) 3= U{(+220> + (9(\503

Unauthorized copying or reuse of Continue problem 3 on page 15.
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NO CALCULATOR ALLOWED

(c) Bob is riding his b1cycle along the same pat.b For 0 <1 <10, Bob’s velomty is modeled by

B(t) =1

Find Bob’s acceleration at time ¢ = 5.

.’/é/v = <L . -
oA T 54

(5) = 5 (2s)

15

L

2t

- 12()

— Lo

— 612 + 300, where ¢ is measured in minutes and B() is measured in meters per minute.

(d) Based on the model B from part (c), find Bob’s ai'erage velocity during the interval 0 < ¢ < 10.

*10p10q STJ) puo£aq AJLIM JOU O(]

- W
. & } 3 11{
& avernye VLT f e
e S
s f
Ve j & J o —0
: o
o . 5 n "
- Ct o - (i)
= T = —_— -0
(o . lo |
Unauthorlzed.copying or reuse of GO ON TO THE NEXT PAGE
any part of this page is illegal. 1 5’_ a2 ) g e
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Question 3
Overview

In this problem students were given a table of values of a differentiable function v, the velocity of a jogger, in
meters per minute, jogging along a straight path for selected values of ¢ in the interval 0 < ¢ < 40. In part (a)

students were expected to know that v/(16) can be estimated by the difference quotient % In part (b)

40
students were expected to explain that the definite integral jo |v(7)| dt gives the total distance jogged, in meters,

40
by Johanna over the time interval 0 < ¢ < 40. Students had to approximate the value of .[0 |v(#)| dt using a right

Riemann sum with the subintervals [0, 12], [12, 20], [20, 24], [24, 40], and values from the table. In part (c)
students were given a cubic function B, the velocity of a bicyclist, in meters per minute, riding along the same
straight path used by Johanna for 0 < ¢ < 10. Students should have known that B'(¢) gives Bob’s acceleration at

time ¢. Students were expected to find B'(¢) using derivatives of basic functions and then evaluate B'(5). In part

10
(d) students had to set up the definite integral %J.o B(t) dt that gives Bob’s average velocity during the interval

0 <t <10. Students needed to evaluate this integral using basic antidifferentiation and the Fundamental Theorem
of Calculus.

Sample: 3A
Score: 9

The response earned all 9 points.

Sample: 3B
Score: 6

The response earned 6 points: 1 point in part (a), 2 points in part (b), 2 points in part (c), and 1 point in part (d). In
part (a) the student’s work is correct. In part (b) the student does not include “meters,” so the explanation point was
not earned. The student’s Riemann sum and approximation are correct. In part (¢) the student’s work is correct. In
part (d) the student’s integral is correct.

Sample: 3C
Score: 3

The response earned 3 points: no points in part (a), 1 point in part (b), 2 points in part (c), and no points in part (d).
In part (a) the student attempts to simplify the correct difference quotient but makes an arithmetic error. In part (b)
the student did not earn the explanation point because the time interval and the distance units (meters) are not
included. The right Riemann sum has exactly one error. The student earned the point because 7 out of the 8
components are correct. The student did not earn the approximation point as a result of an error in the Riemann sum.
In part (c) the student’s work is correct. In part (d) the student uses B'(¢) in the integral instead of B(¢).

© 2015 The College Board.
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Question 4

Consider the differential equation % =2x—-y.

(a) On the axes provided, sketch a slope field for the given differential equation at the six points indicated.

2

(b) Find f{—;} in terms of x and y. Determine the concavity of all solution curves for the given differential
x
equation in Quadrant II. Give a reason for your answer.

(c) Let y = f(x) be the particular solution to the differential equation with the initial condition f(2) = 3.
Does f have a relative minimum, a relative maximum, or neither at x = 2 ? Justify your answer.

(d) Find the values of the constants m and b for which y = mx + b is a solution to the differential equation.

(a) 5. 1 : slopes where x = 0
" | 1 : slopes where x =1
N

0 1

W /

d*y . _dy _ _ d%y
(b) ?—Z—a—z (2x y)—2 2x+y 2: 1?

1 : concave up with reason
In QuadrantIl, x <0 and y >0, so 2—-2x+ y > 0.

Therefore, all solution curves are concave up in Quadrant II.

(c) % =2(2)-3=1+#0 1 : considers %
Ml )=23) 2: i p)=(2.3)
Therefore, f has neither a relative minimum nor a relative 1 : conclusion with justification

maximum at x = 2.

_ dy _ d _ . d _
d y=mx+b = dx_dx(mx+b)_m N l.dx(mx+b)—m

2x—y=m N 1:2x—-y=m

2x—(mx+b)=m 1 : answer

2-m)x—-(m+b)=0
2-m=0=>m=2
b=-m = b=-2

Therefore, m = 2 and b = -2.

© 2015 The College Board.
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Do not write beyond this border.

4. Consider the differential equation % =2x-y.

(a) On the axes provided, sketch a slope field for the given differential equation at the six points indicated.

b

2 .
(b) Find % in terms of x and y. Determine the concavity of all solution curves for the given differential
equation in Quadrant II. Give a reason for your answer.
Y _gx-
B = 4L =Y
2
é—g = = i}’- = -(2¥%- )
3 A oo 2-2xy
ﬂ =2 “2X % y
dx*

\n Quadmet T, X<0 and y >0,
SO @1; 1-17(+\{> 0,
X

Thus | ol solution cunts M Quadvant I o OACAVE vv&o,l

Unauthorized copying or reuse of Continue problem 4 on page 17.
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Do not write beyond this border.

(c) Let y = f(x) be the particular solution to the differential equation with the initial condition f(2) = 3.
Does f have a relative minimum, a relative maximum, or neither at x = 2 ? Justify your answer.

éj- - = . - =
dK_lx\{ 2.2-73 =\

t

= oy =2
iNmﬂmﬂ, as 5 # 0 of x4

(d) Find the values of the constants m and b for which y = mx +b isa splution to the differential equation.
dy
33 = 2%y, Y= wmxtb

d - 2x-
;-z:w\-lxy

wA= lX“(W\X*b§
wi= (Z-wmix-b ,quuww coePFICients

2-m= D
w=2 ,
“b=m

b= -wm=-2.

Wy\=2,\>=—.2 | : | -
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& _

4, Consider the differential equation e 2x —y.

(a) On the axes provided, sketch a slope field for the given differential equation at the six points indicated.

2
(b) Find d_g_) in terms of x and y. Determine the concavity of all solution curves for the given differential

equation in Quadrant II. Give a reason for your answer.

Continue problem 4 on page 17.
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Do not write beyond this border.

(c) Let y = £(x) be the particular solution to the differential equation with the initial condition f(2) = 3.
Does f have a relative minimum, a relative maximum, or neither at x = 2 ? Justify your answer.

_/—F{ly - Z-’Z(Z) F3 = 2 -Y r3-= -3 #%= | WD
de® . concave VP T preard Samirenin
Jecording Lothe Secons Aertyidive test m.tr p= D
Lhe QM O‘QV"’V“}*P‘:G’ P'OS‘”‘)V{ ard o= 7Lf‘*€f‘\€ s
oL VV\,J_AFMM‘""A}L“‘LH@‘ peih—

\

(d) Find the values of the constants m and b for which y = mx + b is a solution to the differential equation.

"m: TV vz 2 — chx

¥
y= Gx-y) e ¢
b= 2x7 yp 4h

GO ON TO THE NEXT PAGE.
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3 = 5
NO CALCULATOR ALLOWED
. 2 i . dy
4. Consider the differential equation ol 2x —y.
(a) On the axes provided, sketch a slope field for the given differential equation at the six points indicated.
b
4
25& —
% 4
0 T
-7 /.
e
4>
(b) Find dx_g in terms of x and y. Determine the concavity of all solution curves for the given differential
equation in Quadrant II. Give a reason for your answer.
Tr-Lel
N _ Ax- =L
N =B | x=1
tx |
A=
Q\Z‘\ 7 - y )
. /‘L - \‘ s
O
=9
®= 1
RN b
=% L
b= 2= (Tx-\) _
. Bl
0= 2-1%xxy :
= \
N T OZx- 7 : Ceoabe VIS o TRCRIVE RA.
NY
K= z .
Unauthorized copying or reuse ;I B Continue problem 4 on page 17.
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4

(c) Let y = f(x) be the particular solution to the differential equation with the initial condition f(2) = 3.
Does f have a relative minimum, a relative maximum, or neither at- x = 2 ? Justify your answer.

. RIS

\7 :

W

\1\

g ey = ¥_1 |
I \{ g oS o celative, min O X =7 becocwee
"\ 2 _ .
1 2 #o Rz s D

(d) Find the values of the constants m and b for which y = mx + b is a solution to the djﬁerenﬁal equation.

_— >Z)<-\‘ \1:—3:m(><‘—2.)

éd\{“\’\\ = élx oA % i x|

=

N

Y/
N

\
(O]

,"
™,
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AP® CALCULUS AB/CALCULUS BC
2015 SCORING COMMENTARY

Question 4

Overview

In this problem students were to consider the first-order differential equation % = 2x — y. In part (a) students
were given an xy-plane with 6 labeled points and were expected to sketch a slope field by drawing a short line

segment at each of the six points with slopes of 2x — y. In part (b) students needed to use implicit differentiation

2 2
and the fact that d—;} = i(ﬂ) to obtain a2y 2 — 2x + y. Students were expected to explain that for points
dx dx \ dx 2
2
in Quadrant II, x < 0 and y > 0 so Z—{ > 0. Thus, any solution curve for the differential equation that passes
X

through a point (x, y) in Quadrant II must be concave up at (x, y). In part (c) students were asked to consider
the particular solution y = f(x) to the differential equation with the initial condition f(2) = 3. Students had to
determine if (2, 3) is the location of a relative minimum, a relative maximum, or neither for /" and justify the
answer. Students were expected to show that % # 0 at (2, 3) and conclude that (2, 3) is neither the location of

a relative minimum nor a relative maximum. In part (d) students were asked to find the values of the constants m
and b so that the linear function y = mx + b satisfies the differential equation b _ 2x — y. Students were
dx
. dy . oo ody
expected to show that if y = mx + b, then il Using a substitution in i 2x — y leadsto 2x —y =m

and thus 2x — (mx + b) = m. This equation enabled the student to find the values of m and b.

Sample: 4A
Score: 9

The response earned all 9 points.

Sample: 4B
Score: 6

The response earned 6 points: 2 points in part (a), 2 points in part (b), no points in part (c), and 2 points in part (d). In
part (a) the student’s work is correct. In part (b) the student’s work is correct, including correct reasoning about the
sign of the second derivative using the signs of x and y in Quadrant II. In part (c) the student does not consider

, o d? . o

%, so the first point was not earned. The student considers d—%), which cannot be used as justification, and the
X

student incorrectly identifies x = 2 as a minimum. The second point was not earned. In part (d) the student earned

the first 2 points for declaring that m = 2x — y. In doing so, the student communicates that the derivative of the

linear function is its slope m (the first point) and connects the differential equation and its linear solution by
equating the derivatives (the second point). The student does not arrive at an answer.

Sample: 4C
Score: 3

The response earned 3 points: 2 points in part (a), 1 point in part (b), no points in part (c), and no points in part (d).
In part (a) the student’s work is correct. In part (b) the student earned the first point for the correct second derivative
in x and y, shown in the work where the student writes 0 = 2 — (2x — »). In part (c) the student incorrectly solves

© 2015 The College Board.
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Question 4 (continued)

the differential equation and then, from that work, finds an incorrect expression for the first derivative. The student is
not eligible for any points. In part (d) the student attempts to solve the differential equation by separation of variables

and uses the point (2, 3), which is not relevant to the question asked.

© 2015 The College Board.
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Question b

Consider the function f(x) = 5 I P where k is a nonzero constant. The derivative of f is given by

k—2x '
(x2 - kx)2

(a) Let k =3, sothat f(x) =

f)=

3 I - Write an equation for the line tangent to the graph of f at the point

whose x-coordinate is 4.

(b) Let k£ = 4, sothat f(x) = 3 ! . Determine whether f has a relative minimum, a relative maximum, or

neither at x = 2. Justify your answer.

(¢) Find the value of & for which f has a critical point at x = —5.

(d) Let k = 6, sothat f(x) = 5 I P Find the partial fraction decomposition for the function f.

X —0x
Find [ f(x) dx.

I 1 L 3-2.4 s ,
(a) f(4):mzz f(@—m——ﬁ 2:{l.slope

An equation for the line tangent to the graph of f at the point

1 : tangent line equation

whose x-coordinate is 4 is y = —%(x -4)+ %
, - , 4-2.2 ,
(b) f(x)= % f'(2) = A 0 5 1 : considers f7(2)
(x —4x ) (2 —4 2) " | 1 : answer with justification

f'(x) changes sign from positive to negative at x = 2.
Therefore, f has a relative maximum at x = 2.

) f(-3)= k2—2-(—5) >=0=k=-10 1 : answer
((=5)* = k-(-5))
| | 4. B o . g
(d) — = =—+—— =>1=A4(x-6)+ Bx 2 : partial fraction decomposition
x>—6x X(x-6) x x-6 4: g
1 2 : general antiderivative
x=0=1=4:(-6) = 4= —¢

x=6:>1=B-(6):>B=l

6
L _-1/6 1/6
x(x-6)  x x—6

J-f(x) dx:j(%m+%) dx

1 1 1
=——In|x|+—-In|x -6+ C = —=In
Linfx] + +infx— 6]+ C = &
© 2015 The College Board.
Visit the College Board on the Web: www.collegeboard.org.
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’ NO CALCULATOR ALLOWED
(ofF 2
5. Consider the function f(x) = . where k is a nonzero constant. The derivative of f is given by
%2 =
7 k-2
f(x)= 2——x—2
(* - )
(a) Let k = 3, so that f(x) = 5 ! = Write an equation for the line tangent to the graph of f at the point
X =39X
whose x-coordinate is 4.
_\(:'(L\»—_ b -alko _ %_% _ -E_ _ -5
2 =2 T a3 - \
GRS ST A

£(H A L
P (‘1) 3(5 b2 Y

- 5 ,
TN CRb)

-5

\\3: frr (x-bf\> +":‘

(b) Let k = 4, sothat f(x) = z : e Determine whether f has a relative minimum, a relative maximum, or
X —Aax
neither at x = 2. Justify your answer.
H-2(3) 5

1 (23 = _mvj%: ™ O

%\6 > Qenvanve Test,

\ahve I FAFNCM A~

e dosrative

I o CIOSTIVL
Drrem Q\D(Dﬁm 0 )

e fe o A e\ »
C X <ok e e Tl
VEI L c,kf‘,gn%n;;

Continue problem 5 on page 19.
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(c) Find the value of k for which f has a critical point at x = —5.

- 2(-5)
(251 (-5

£'(5)-0 =

(d) Let £ = 6, so tﬁat f(z) =

Find [ f(x) dx.
\
{(ﬂ i % (»- )
, S (s Ade (O gon
S‘F(Qc\x 5\ S~ ) . y e

- —SF(QC\K - ikﬂ/ﬁ\%f\_@\‘ m\\,«\;‘)ﬁc

D= o
(a5+5LY
v = -0
1

T Find the partial fraction decomposition for the function f.
X —0Xx

b= A (x-L) T B Qer x=0 \
, : L | = —Lk R “w

Rex 7&’—\0 \

Ll 12 e B~ 6

\

ey an =g\ AL L alax
Y b Y\’KO

B E I A TN PN EET

y%(rﬂo\x” \Tp X—F—%‘\é ¢
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' 0 Dot Wrlle eyona-uis voraer, «

(2) Let k = 3, so that f(x) = —

Whose x—coordmat., 1s 4,

B | .
r=axF o T EE )

= ; where k is a nonzero constant. The derivative of f is given by
x° - . e S s N "\ : :

; . Write an equation for the line tangent to, the g_raﬁh of f at the point
x — 33X . e . - "

- |
'L(".Y"L\)

—
—

L £,
b= 1% z . ;

f”(fx);

~

A (b) Let k= 4 sothai f(x)—

neltheratx—Z Iusﬁfyyouranswer B : o i ‘ '

-

Detcrmmc whether f has a relauve minimum, & relanve maxzmmn, or

2 _4x

s

(%l— 4%)"

| 9-':‘f‘.‘f-

o J |

-7,(fx 49()- @—m) C’x —4x) + ( 2%—4)

f”m—~ EC s

_'3_1:_ 0. ST

hfu O ]—dat:% mWXxmam ot =2 _

[Minattharizad. copving or reuse of |
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| (c) Findthe value of k forwhich f has 2 critical point‘e'lt x ='-5,

Flgy = 0
L | .?_f"lo' R

1 = ot — 0 .
]E ;D_ T E)T

(@) Let k =6, 50 th;{t f(x) = 5 1 . Find the partial fraction decompdsition for the funcfion £
2 6x - - s L am

Fmdjf

G A Ua—b)F BX = | |
. _ B . - . '... _l )
- =0.. 0 A=-—T
% AR SR %ﬁ T
—E.A = | | .
f fon, dx = 1] & T g
o -‘gu«mwf{m bl 40

I ]""I'TO/

\v
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5. Consider the function f(x) = — . e where k is a nonzero constant. The derivative of f is given by

7 k-2
flx) =———"5.
(x* - i)
(a) Let k = 3, sothat f(x) = — i . Write an equation for the line tangent to the graph of f at the point
x° =3x
= i i 4. . - \ = /
whose x-coordinate 1s . ‘ f Gn — \ g(l’\)_ = - q
= M= . =
k;B . - b \_' ,6
3.4 2 -5
sl 2 . 2
- v \
| y-L = -= X—-“*\ (4 - 3(”\5 (le-12)
4 \Lr (
P g __s
—F e

(b) Let k = 4, sothat f(x) = . Determine whether f has a relative minimum, a relative maximum, or

x% —4x
neither at x = 2. Justify your answer. Y _-.b __i__‘___‘_-_
0/ q’ 2% 9 - L"";-)( ;}_
£ C’(> = —_— I~y
( »(9/“(93} (xa_ 3)
| A_9 |
O. P _~ o L .o O A

— 3 e o y=> e
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(c) Find the value of k for which f has a critical point at x = =5.
| lC -+ 1 . =0

_ 2X s
£/(—5\ - _E_/—/—‘ =0 85 S)C->
; P )(>:2 L + 5
<‘Y — ‘C | - _rzs\é
ko (1'25—'>+
! Y

( 5.9 "'rgh' )

3 . Find the partial fraction decomposition for the function f.
x° —6x s

(d) Let k = 6, so that f(x)=

Find j f(x) dx.

_\°_b
3 foo O% (="
A= Bx-6dx

dau

J{\ \ AX Ax = Q\M’?
v,
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Question b

Overview

In this problem students were given f(x)=—; I . and f'(x) = _k=2x where the parameter, £, is a

x? - (¥ ke)”
nonzero constant. In part (a) for £ = 3, students were asked to write an equation for the line tangent to the graph
of f at the point with x = 4. Students needed to compute f(4) and f”(4) and then use those values to produce
an equation. In part (b) for £ = 4, students needed to determine whether f had a relative minimum, a relative
maximum, or neither at x = 2. Students were expected to confirm that f'(2) = 0 and apply the First Derivative
Test. Since ' changes sign from positive to negative at x = 2, students should have concluded that f has a
relative maximum at x = 2. In part (¢) students had to find the value of £ for which f has a critical point at
x = =5. Students were expected to solve f'(—5) = 0 to determine that £ = —10. In part (d) students were
expected to use partial fraction decomposition to rewrite f(x) as a sum of rational expressions. The result is used
1 A B _ -l /6 N 1/6

to find I f(x) dx. The partial fraction decomposition yields . ==+

—(x—6) e . x_6,andthe

general antiderivative is —%ln|x| + %ln|x - 6|+ C.

Sample: bA
Score: 9

The response earned all 9 points.

Sample: bB
Score: 6

The response earned 6 points: 1 point in part (a), 1 point in part (b), no points in part (c), and 4 points in part (d). In
part (a) the student uses /" to determine the slope but makes an arithmetic error, so the student did not earn the first
point. The student uses the slope to present a line that passes through the given point, so the second point was
earned. In part (b) the student attempts to use the Second Derivative Test. The student shows that f”(2) = 0, so the

first point was earned. The student makes an error in the computation of f”'(2), so the second point was not earned.
In part (c) the student considers x = 5 instead of x = —5. In part (d) the student’s work is correct.

Sample: 5C
Score: 3

The response earned 3 points: 2 points in part (a), 1 point in part (b), no points in part (c), and no points in part (d).
In part (a) the student’s work is correct. In part (b) the student earned the first point. Because the student’s
justification does not refer to the sign of the first derivative of £, the student did not earn the second point. In part (c)
the student does not report a value for 4. In part (d) the student does not find a partial fraction decomposition, and
the antiderivative is incorrect.
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Question 6

n—1
ENCINET- PR )

x x" + ... and
2 n

00 n—1
The Maclaurin series for a function f is given by Z%x” =x-
n=1

converges to f(x) for |x| < R, where R is the radius of convergence of the Maclaurin series.
(a) Use the ratio test to find R.
(b) Write the first four nonzero terms of the Maclaurin series for f”, the derivative of f. Express [’ asa

rational function for |x| < R.

(¢) Write the first four nonzero terms of the Maclaurin series for e*. Use the Maclaurin series for ¢* to write

the third-degree Taylor polynomial for g(x) = e* f(x) about x = 0.

(a) Let a, be the nth term of the Maclaurin series. 1 : sets up ratio
3:4 1 :computes limit of ratio
a (_3)}1 er—l _3 . .
ntl _ . n = 2" 1 : determines radius of convergence
a, n+1 (_3)"*1 ¥ on+1
lim x| = 3|x|
n—oowo|n + 1
1
3lx|<1 = |x|<§
The radius of convergence is R = %
(b) The first four nonzero terms of the Maclaurin series for f' are 3 2 : first four nonzero terms
1—3x +9x2 — 275 "| 1: rational function
"N 1 1
S1(x) = 1-(-3x) 1+3x
(¢) The first four nonzero terms of the Maclaurin series for e* are 1 : first four nonzero terms
2 3 . .
l+x+2 42 3: of the Maclaurin series for e*
21 317

2 : Taylor polynomial
The product of the Maclaurin series for ¢* and the Maclaurin
series for f is

2 3
(l-i—x—l—%—l—%—i—---j(x—%xz+3x3—---)

=x—%x2+2x3+---

The third-degree Taylor polynomial for g(x) = " f(x)

about x =0 is T3(x) = x —%xz +2x°,
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6. The Maclaurin series for a function f is given by gl-(—sz—-x" =x- %xz +3x =t %x" +++ and

converges to f(x) for |x| < R, where R is the radius of convergence of the Maclaurin series.

(a) Use the ratio test to find R.

t
e -2 X . N
st T -3 K

00 75 %| > 3] <

Continue problem 6 on page 21.
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Do not write beyond this border.

A (b)‘ Wirite the first four nonzero terms of the Maclaurin series for f’, the derivative of f. Express f* as 2

rational function for |x| < R. L U
Loy - Exax - F K
=) —57§+'51KZ’~?7<%

a1 e -3

. ( = '

(c) Write the first four nonzero terms of the Maclaurin series for e*. Use the Maclaurin series for ¢” to write

the third-degree Taylor polynomial for g(x) = ¢*f(x) about x = 0.
2 Y
SO P

IAEEED STl e
SOO: el FR) = (14 X*'és"* ;\)(\K 2K+ 5><g)

= ¥ -3X72x7 x 202K e 2 B A

2
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2 3

= K= 22X XT3 2K £X
K= 2 hak

\J

fTAT YA Bvrid e L an Asrvaa

‘ Unauthorized copying or reuse of

any part of this page is lliegal. 21-

©2015 The College Board.
Visit the College Board on the Web: www.collegeboard.org.

GO ON TO THE NEXT PAGE.
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(7)1

{ofF 2

fo ol - (_B)n_l n 3.2, 3 (_3)'1—1 n
6. The Maclaurin series for a function f is given by Z—n——x =x-7x +3x —ee — + ... and
n=1"

converges to f(x) for |x| < R, where R is the radius of convergence of the Maclaurin series.

(a) Use the ratio test to find R.

C-%BCM'\) -\ "

W i)
i — 4 \itn n .(:}_}\. X
——— = e }
W o= - = wor | -3)
2" i ~ X
A

-

Continue problem 6 on page 21.
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| (b) Write the first four nonzero terms of the Maclaunn series for f the derivative of f. Express f’ asa

rational function for |x| < R.

RGO VY

4 o
{ (ﬂ’ % ot P — v,

Fi = FJr (’%)x 1+ (—3)2 o E (—%fﬂ

(c) Write the first four nonzero terms of the Maclaurin series for e*. Use the Maclaurin series for e to write

the third-degree Taylor polynomial for g(x) = ¢” f(x) about x = 0.

x < )
= - X et
L

a(w)= CKPO&)
g4lo) = <" pfo)= Ho) = 0O
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6. The Maclaurin series for a function f is given by Z-(—Lx" —x-2x2 4300 -, + —(—3) x" +.. and
el . - n :

converges to f(x) for [x| < R, where R is the radius of convergence of the Maclaurin series.

(a) Use the ratio test to find R.

/—_r" -~

-3) (1) x

-
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" (b) Write the first four nonzero terms of the Maclaurin series for f”, the derivative of f. Express f’ asa

rational function for |x| < R.

e
1= 3x %"ixzub—z—?-—,

.

. L .
(c) Write the first four nonzero terms of the Maclaurin series for ¢*. Use the Maclaurin series for e* to write
the third-degree Taylor polynomial for g(x) = e¢*f(x) about x = 0. '

1 {
L+ X+ TX + 31X

3 1
X-3
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Question 6
Overview
In this problem students were presented with the Maclaurin series
5 (3" 32,50 (G . .
ZTX =x-5xT 4 37— + —, + -+ for a function f. The Maclaurin series converges to f(x)
n=l

for |x| < R, where R is the radius of convergence of the Maclaurin series. In part (a) students were asked to use

Ayl

the ratio test to find R. Students were expected to evaluate lim and use this limit to find R. Students were

n—0o0

n

expected to show that |x| < %, and thus the radius of convergence is R = % In part (b) students were asked to

write the first four nonzero terms of the Maclaurin series for f”, then express f” as a rational function for

|x| < R. By using term-by-term differentiation, the first four nonzero terms are 1 — 3x + 9x% — 27x°. Because

1
T 3r In part (c) students

needed to write the first four nonzero terms of the Maclaurin series for e* and use this series to write a third-

this series is geometric with a common ratio of —3x, the rational function is f"(x) =

degree Taylor polynomial for g(x) = ¢* f(x) about x = 0. After showing that the first four nonzero terms of the

2 3

Maclaurin series for ¢* are 1+ x + % + %, students were expected to multiply to determine that the third-

degree Taylor polynomial desired is T3(x) = x — %xz +2x°.

Sample: 6A
Score: 9

The response earned all 9 points.

Sample: 6B
Score: 6

The response earned 6 points: 3 points in part (a), 2 points in part (b), and 1 point in part (c). In part (a) the student’s
work is correct. In part (b) the student writes the correct first four nonzero terms of f”, so the first 2 points were
earned. There is no rational function presented. In part (c) the student writes the correct first four nonzero terms of
the Maclaurin series for ¢*, so the first point was earned. The student does not present the correct third-degree
Taylor polynomial for g.

Sample: 6C
Score: 3

The response earned 3 points: 1 point in part (a), 1 point in part (b), and 1 point in part (¢). In part (a) the student
writes the correct setup, so the first point was earned. The student does not indicate a limit, so the second point was
not earned. The student does not determine a radius of convergence, so the third point was not earned. In part (b) the
student writes three of the correct first four nonzero terms of the Maclaurin series for f”, so 1 of the first 2 points

was earned. There is no rational function presented. In part (c) the student writes the correct first four nonzero terms

of the Maclaurin series for e”, so the first point was earned. The student does not present the correct third-degree
Taylor polynomial for g.
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