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2018 SCORING GUIDELINES

Question 1

(a)

(b)

(c)

(d)

300
'[0 r(t)dt =270

According to the model, 270 people enter the line for the escalator
during the time interval 0 < ¢ < 300.

300 300
20+ [ 7 (r(1) = 0.7) di = 20+ " (1) di ~ 0.7-300 = 80

According to the model, 80 people are in line at time ¢ = 300.

Based on part (b), the number of people in line at time ¢ = 300 is 80.

The first time ¢ that there are no people in line is
80

300 + 07 414.286 (or 414.285) seconds.
The total number of people in line at time #, 0 < ¢ < 300, is modeled by
t
20 + .[0 r(x) dx —0.7t.
r(t)—0.7=0 = 1, =33.013298, ¢, = 166.574719
t | People in line for escalator
20
4 3.803
t 158.070
300 80

The number of people in line is a minimum at time ¢ = 33.013 seconds,
when there are 4 people in line.
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r(t) = [100] [ 300] for 0 <1< 30
0 for t > 300,

where r(f) is measured in people per second and ¢ is measured in seconds. As people get on the escalator,
they exit the line at a constant rate of 0.7 person per second. There are 20 people in line at time 7 = 0.

(a) How many people enter the line for the escalator during the time interval 0 < ¢ < 300 ?

P (@0 i

¢

(b) @During the time interval 0 < r < 300, there are always people in line for the escalator. How many people
are in line at time ¢ = 300 ?

7(300) =210
290 - 210 = l%O]
012102200
[:.’:;’:L‘l?ﬁf?ﬁ.:%’;ﬁ:?;’.ﬁ;;‘;ﬁ“}" -4- Continue question 1 on page S.
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(c) For ¢ > 300, what is the first time r that there are no people in line for the escalator? z "’ 2
(£ -300)(.7)-%0=0
1€ - 210~20=0
JE=+290
e —————
fe-=41.28¢5
— ]
(d) JFor O < r < 300, at what time ¢ is the number of people in line a minimum? To the nearest whole
number, find the number of people in line at this time. Justify your answer.
- \e (;
p= ol pesp S (S t ()
i 1 L=
0 20
3013 | 3.803
0= r(e)-.7 575 | 15RO
' 300 30
E=166.575
t=33.013
minimum ot five {233,003 s
¢ ‘ whea 4 Eeotle, are in ling
P(é): Jo F0 -7 dx 20 - !
[t ey e -5- GO ON TO THE NEXT PAGE.
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1. People enter a line for an escalator at a rate modeled by the function r given by ' 9‘ (4
e i f
a4~ 1———] for 0 < 1 < 300 %( Bt
r(r) = [ 100] [ 300 . 0)="20
0 for ¢ > 300,

where #(t) is measured in people per second and 7 is measured in seconds. As people get on the escalator,
they exit the line at a constant rate of 0.7 person per second. There are 20 people in line at time 7 = 0.
A2 o el

(a) How many people enter the line for the escaldtor during the time interval 0 < r < 300 ? v
X .
300 3 o -t P
SO C‘-L{-(-\%D <\ Joo (){,—«- < a?() ?6’0%\6
eker Yo e Sor

W eS@lador Quring
Y Hme Inberval 04 + £ 500

(b) During the time interval 0 < ¢ < 300, there are always people in line for the escalator. How many people
are in line at time ¢ = 300 ?
L)z .7
300 %‘;oo 7, 8\/
2 +5 Tl =), 0.

Do+ Jdg — o

[} Vit 45 200Seconds, areiie QG 1 fople
i e Lor dheeScalator

lUnaulhorIzed copying or reuse otl -4~ Continue question 1on page 3
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(c) For > 300, what is the first time ¢ that there are no people in line for the escalator?

%F 4 3@0/ ,JQ (\: g‘(' “7{”.( "} H\[l‘f\ "b\.y_/fC
Oﬂe VU’ \_?eclx?f.(’ m Vi Bal’z!‘!/l QSC“MJO’ })-}”’*3'25

(d) @or 0 < r < 300, at what time ¢ is the number of people in line a minimum? To the nearest whole
number, find the number of people in line at this time. Justify your answer.

> - 6.7 33013246 A
U (5 (- {0 O 20+ § 0 P fid S:‘O‘m

Y (-%) = 0.7

Kt fimg | =33.013 Secen® hare 1S 0 Moy

0F 3803 feople ON HeeSCalador.

-5- GO ON TO THE NEXT PAGE.
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L.

People enter a line for an escalator at a rate modeled by the function r given by

' 3 ‘ 7
MY—[1 = —= <:<
[IOO] ( 300] for 0 £:<300

0 for ¢ > 300,

r(t) =

where r(t) is measured in people per second and ¢ is measured in seconds. As people get on the escalator,
they exit the line at a constant rate of 0.7 person per second. There are 20 people in line at time 7 = 0.

e

(a) How many people enter the line for the escalator during the time interval 0 < ¢ < 300 ?

X
e = 44(\005 (\“,ou 2 (o,300)

300 -

peop\e * .JE 4% (ﬁ5> 300 \) dt
’\

PQ.OP\G: | Sb700 F@ﬂ{’

(b) During the time interval 0 < ¢ < 300, there are aly_gs people in line for the escalator. How many people
are in line at time ¢t = 300 ? o

500 5 {'300
36 t JFL’C) gk = K ‘ "'_0'7 Uljc)‘)

o

3 G N
\20* L 44 qu/ (1~ Db >At‘ J -7 ak

lUnauthorized'copying or reuse ofJ -4- Continue question | on page 5.
any part ot this page Is illegal.
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{2

29
(¢) For 1 > 300, what is the first time ¢ that there are no people in line for the escalator? 2ot r -
(€)= O + 72200

Theve o " paopls o hw for e scalater
first 0% Yire k= 350,

(d) For O <t < 300, at what time ¢ is the number of people in line a minimum? To the nearest whole
number, find the number of people in line at this time. Justify your answer.

=) red
. rom.-';br - ex'7T = O
Yr(x)=o0 0.nd (;V\(x'r“éu inc = det

: £ N\
)T 44 (-,”f,;f (1-30) =€
+=1%0 Sec.

Lo o s g g 5- GO ON TO THE NEXT PAGE.
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AP® CALCULUS AB/CALCULUS BC
2018 SCORING COMMENTARY

Question 1
Overview

The context of this problem is a line of people waiting to get on an escalator. The function » models the rate at

3 7
which people enter the line, where r(¢) = 44(%) (1 - ﬁ) for 0 < ¢ <300, and r(¢) = 0 for £ > 300; r(¢)

is measured in people per second, and ¢ is measured in seconds. Further, it is given that people exit the line to get on
the escalator at a constant rate of 0.7 person per second and that there are 20 people in the line at time ¢ = 0. In

part (a) students were asked how many people enter the line for the escalator during the time interval 0 < ¢ < 300.
A correct response demonstrates the understanding that the number of people entering the line during this time
interval is obtained by integrating the rate at which people enter the line across the time interval. Thus, this number

300
is the value of the definite integral I . r(t) dt. A numerical value for this integral should be obtained using a

graphing calculator. In part (b) students were given that there are always people in line during the time interval

0 <t <300 and were asked to determine the number of people in line at time ¢ = 300. A correct response should
take into account the 20 people in line initially, the number that entered the line as determined in part (a), and the
number of people that exit the line to get on the escalator. It was given in the problem statement that people exit the
line at a constant rate of 0.7 person per second, so the number of people that exit the line to get on the escalator can
be found by multiplying this constant rate times the duration of the interval, namely 300 seconds. In part (¢) students
were asked for the first time ¢ beyond ¢ = 300 when there are no people in line for the escalator. Because no more
people join the line after # = 300 seconds, and people exit the line at the constant rate of 0.7 person per second,
dividing the answer to part (b) by 0.7 gives the number of seconds beyond ¢ = 300 before the line empties for the
first time. Adding this quotient to 300 produces the answer. In part (d) students were asked when, during the time
interval 0 < ¢ < 300, is the number of people in line a minimum, and to determine the number of people in line (to
the nearest whole number) at that time, with the added admonition to justify their answer. The Extreme Value

t
Theorem guarantees that the number of people in line at time ¢, given by the expression 20 + Io r(x) dx —0.7t,

attains a minimum on the interval 0 < ¢ < 300. Correct responses should demonstrate that the rate of change of the
number of people in line is given by (¢) — 0.7. Solving for r(z) — 0.7 = 0 within the interval 0 < ¢ < 300 yields

two critical points, ¢, and #,, so candidates for the time when the line is a minimum are ¢t = 0, ¢, ¢,, and ¢ = 300.

1]
The number of people in line at times #; and #, is computed from 20 + Jol r(x) dx —0.7t; and

t
20 + '[02 r(x) dx — 0.7t,. The answer is the least of 20, these two computed values (to the nearest whole number),

and the answer to part (b), together with the corresponding time ¢ for this minimum value.

For part (a) see LO 3.3B(b)/EK 3.3B2, LO 3.4A/EK 3.4A2, LO 3.4E/EK 3.4E1. For parts (b) and (c), see LO
3.4A/EK 3.4A2, LO 3.4E/EK 3.4E1. For part (d) see LO 1.2B/EK 1.2B1, LO 2.3C/EK 2.3C3, LO 3.3B(b)/EK
3.3B2, LO 3.4A/EK 3.4A2, LO 3.4E/EK 3.4E1. This problem incorporates the following Mathematical Practices
for AP Calculus (MPACs): reasoning with definitions and theorems, connecting concepts, implementing
algebraic/computational processes, building notational fluency, and communicating.

Sample: 1A
Score: 9

The response earned all 9 points: 2 points in part (a), 2 points in part (b), 1 point in part (c), and 4 points in
300
! t

3 7
44(—) (1 - —) dt. The response earned the

part (d). In part (a) the response earned the first point for f 100 300

0

© 2018 The College Board.
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Question 1 (continued)

second point for the answer 270. In part (b) the response earned the first point for —210 on the right side of the
response area. The response earned the second point for the answer 80. In part (c) the response earned the point
for the answer 414.286. What appears to be a fourth digit of 5 is not a digit but the letter s for seconds. Units are
not required to earn any points in this question. In part (d) the response earned the first point for 0 = »(¢) — .7 in

line 2. The response earned the second point with # = 33.013 in line 4. The response earned the third point for the
boxed information. What appears to be a fourth digit of 5 is not a digit but the letter s for seconds. The response
earned the fourth point for the candidates test demonstrated with the table. The expression for the function p,
identified as “total people,” supports how the values at 33.013 and 166.575 are produced.

Sample: 1B
Score: 6

The response earned 6 points: 2 points in part (a), 2 points in part (b), no point in part (c), and 2 points in part (d).
300

3 7
44(L) (1 - L) dt. The response earned the second

In part (a) the response earned the first point for f 100 300

0
300
point for the answer 270. In part (b) the response earned the first point with the term — _[0 0.7 dt. The response

earned the second point for the answer 80. In part (¢) the response did not earn the point because what is presented

3 7
is incorrect. In part (d) the response earned the first point in line 2 with the equation 44 (ﬁ) (l - ﬁ) =0.7.

The response earned the second point with ¢ = 33.013 in line 3. The response did not earn the third point for the
answers because 3.803 is not rounded to a whole number. The response did not earn the fourth point because it
does not have a complete justification.

Sample: 1C
Score: 3

The response earned 3 points: 1 point in part (a), 2 points in part (b), no point in part (c), and no points in part (d).
300

3 7
In part (a) the response earned the first point for f 44(%) (1 - ﬁ) dt. The response did not earn the
0

second point because 56700 is incorrect. In part (b) the response earned the first point with the term

300
_(Jo (0.7 a’t)) in line 1. The response earned the second point for the answer 80. In part (c) the response did not

earn the point because what is presented is incorrect. In part (d) the response did not earn the first point with any
of the equations presented. The equation at the top right “rate enter — rate exit = 0 is too formulaic and not
specific to the question. The response does not identify # = 33.013 and did not earn the second point. As a result,
the response is not eligible to earn the remaining 2 points.

© 2018 The College Board.
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Question 2

(a)

(b)

(©)

(d)

V'(3) = -2.118

The acceleration of the particle at time ¢ = 3 is —2.118.

3 3
x(3) = x(0) + jo v(t)dt = =5+ [ V(1) dt = ~1.760213

The position of the particle at time ¢ = 3 is —1.760.

35
jo v(t) dt = 2.844 (or 2.843)
35
jo lv(t)| dt =3.737
3.5
The integral .[0 v(t) dt is the displacement of the particle over
the time interval 0 < ¢ < 3.5.

35
The integral .[0 |v(¢)| dt is the total distance traveled by the

particle over the time interval 0 < ¢ < 3.5.

V(1) = x, (1)
v(t)=2t-1 = t=157054

The two particles are moving with the same velocity at time
t =1.571 (or 1.570).

© 2018 The College Board.

1 : answer
3
1: jo ) dt
3: 1 : uses initial condition
1 : answer
1 : answers

.

35
2 : interpretations of J-o w(t) dt

and > v(1)| dt
0

1 :sets v(t) = x, ()
1 : answer
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10sin(0.47?)
2. A particle moves along the x-axis with velocity given by v(r) = —5———fortime 0 < 1< 3.5.
t“—1+3
The particle is at position x = —35 at time ¢ = 0. I
(a) Find the acceleration of the particle at time 7 = 3.
) -
N ERSRILY!
(b) Find the position of the particle at time t = 3. U
3
"4 & vitiar > “L.760)
0
|
[g:;;;r'r?gﬁ:i::r;s;:?m;;\;iﬂ -6- Continue question 2 on page 7.
© 2018 The College Board.
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= y i s 424 L 5% s S

> ) f

y Ny 2,62
(c) Evaluate J.O " v(2) dt, and evaluate j.o " |v(#)| dr. Interpret the meaning of each integral in the context of

the problem.

. .
\det = ) 3439 which i the displacement of the particle from
]

k=0 to t*3.5

3.5 3 "
Sb\vm\dt:%.‘lﬂ\ y Whith 15 e foral distonge The pavtice

traveled  fydom {0 to t: 3.9

(d) A second particle moves along the x-axis with position given by x,(f) = 1>~ tfor0 < 1< 3.5. At'what

time t are the two particles moving with the same velocity?

V(1) = 2t

t> 15704

Unauthorized copying or reusef] iy &8 GO ON TO THE NEXT PAGE.

any part of this page is lliegal.
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viosm(fo;m?f) |

2. A-particle moves along the x-axis with velocity given by v(t) = '”2—'5— foriime 0 < ¢
s 1e— 4"

The-particle-is at position x = —5:at:time:f =0.

(a) Find the acceleration. of the particle at time.f = 3.

e nfost)
47— £3

vi{E)E =281

<3.5.

(b) Find the position of the particle at time t = 3.

s '°"L“1l5it ==\ -T60

o 2h% T v N T SR

‘Unauthorized copying or reuse of -B-
any part of this page'is lilegal.
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35 355
(c) Evaluate _[0 v(t) dt, and evaluate -[0 |v(t) | dr. Interpret the meaning of each integral in the context of

theproblem
v(+) At 2,,6'43

o
5%'0 \/(J.-) meG il T ;ms-non gt At fafﬁ cil
© oy et = 2.8 Lum(h (s e 9“13 Wyt g

]

i (v = 3.737

o /4}’ a.‘
?° | Peans . foidl diefane  thar

(,+ =
So e wdr«h([,g has traveled trem 10 TU

4225

(d) A second particle moves along the x-axis with position given by x,(¢) = 1> — tfor0 < 1 < 3.5. At what
p p 2

time ¢ are the two particles moving with the same velocity?

T .
)\ ?—G) &%
v, (.H = 24 o
‘r\{“l"t -h'_‘( '+V"’0
et 1§ nov @ Mo o [P T~
ay eleg ary  gm@¥ing . WH e le UTY
bl o, R >4 y
f ; pelocety beadse. TN each G,
sy o . ecsset o fhn. . ERE P B
A
Funcfionyg
[Loeihosted sontien o use | i GOIBN N T S MER ARy
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2 2 2 2 2
leb 2
10sin (0477
2. A particle moves along the x-axis with velocity given by v(t) = —2—3— for wme 0 < 1< 3.5
I mallet:
The particle is at position x = -5 at time ¢ = 0.
(a) Find the acceleration of the particle at time 7 = 3. ~
G 2k 2) (O 04Y HIEH 48 (10 C0s(084))
X \l N
( (+-+83)
iy D asinl3s) )-1a(4-38)0csR 6
’ O 24
_ Sosin(36)— L6.C00H)
e, O
2\
— L.\

(b) Find the position of the particle at time ¢ = 3. |

3 03 \Q)m(O H;E

= o WD m
g S VK= | :
lgxy"f::';ﬁg;%:% oll;‘;eg\;:e il § -b- Continue queslion 2o0n page 7.
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35 3.5
(c) Evaluate -[0 v(t) dt, and evaluate »[o |v(r) | dt. Interpret the meaning of each integral in the context of

the problem.

35 0504 JOL
O tlag - 1-\6‘%4\*;/_, e (&‘&S?\g&me«v‘r

9{ e ?or‘(\ Ao

S ;h\l oSk =

o)

S 3S | sy ,
AL -
%O\\,m\c\ S | o = 3,737
\/—7.*\-\\9 &iS'\'QnC@

JW%ELQA\ \7% the Pack d¢

(d) TA second particle moves along the x-axis with position given by x,(¢) = 2 = tfor0 €t < 3.5. At what

time r are the two particles moving with the same velocity?

\05n (G4t
-4

Sk

=8, 1006

[Unauthorized copying or reuseiil -7~ GO ON TO THE NEXT PAGE.

any part of this page is litegal.
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AP® CALCULUS AB
2018 SCORING COMMENTARY

Question 2
Overview

In this problem a particle moves along the x-axis. For 0 < ¢ < 3.5, the velocity of the particle is given by

10sin(0.4” ) . o .
w(t) = 2—3, and the particle’s position is x = =5 at time ¢ = 0. In part (a) students were asked for the
rm—t+

acceleration of the particle at time ¢ = 3. A correct response should demonstrate that acceleration is the derivative
of velocity and show the evaluation of v'(3) from a graphing calculator. In part (b) students were asked for the
position of the particle at time ¢ = 3. A correct response should find the net change in the particle’s position as
the integral of v(¢) across the interval [0, 3] and add this change in position to the particle’s position at time
3.5

t = 0. In part (c) students were asked to evaluate the integrals Io v
meaning of each integral in the context of the problem. A correct response should show the values of the two
integrals obtained from a graphing calculator and convey that a definite integral of velocity gives the particle’s
displacement, while a definite integral of speed (i.e., |v(¢)| ) gives the particle’s total distance traveled, across the

35
(¢) dt and Jo |v(¢)| dt and to interpret the

time interval of integration. In part (d) students were given that a second particle moves along the x-axis with
position given by x,(¢) = t* —¢ for 0 << 3.5 and are asked for the time 7 when the two particles are moving

with the same velocity. A correct response should demonstrate that the second particle’s velocity is obtained by
differentiating its position function and proceed by solving for when the first particle’s velocity, the given v(¢),

matches x, (¢) within the interval 0 < ¢ < 3.5.

For part (a) see LO 2.3C/EK 2.3C1. For parts (b) and (c), see LO 3.3B(b)/EK 3.3B2, LO 3.4C/EK 3.4C1. For part
(d) see LO 2.3C/EK 2.3C1. This problem incorporates the following Mathematical Practices for AP Calculus
(MPAC:S): reasoning with definitions and theorems, connecting concepts, implementing algebraic/computational
processes, building notational fluency, and communicating.

Sample: 2A
Score: 9

The response earned all 9 points: 1 point in part (a), 3 points in part (b), 3 points in part (c), and 2 points in
part (d). In part (a) the response earned the point with the equation because it gives the correct answer along with
the identification of this value as v'(3). In part (b) the response earned the first point with the definite integral on

the left side of the equation. The response earned the second point with the addition of —5 to that integral. The
response earned the third point with the answer on the right side of the equation. In part (c¢) the response earned
the first point with the values of the two definite integrals. The response earned both of the interpretation points as
the two integrals are interpreted as “displacement” and “total distance,” and both reference the time interval. In
part (d) the response earned the first point in line 1 because the right side of the equation is an expression

equivalent to x, (¢). The answer ¢ = 1.5705 earned the second point.

Sample: 2B
Score: 6

The response earned 6 points: 1 point in part (a), 3 points in part (b), 2 points in part (c), and no points in part (d).
In part (a) the response earned the point with the equation in line 2 because it identifies the correct answer as
V/(3). In part (b) the response earned the first point with the definite integral on the left side of the equation. The

response earned the second point with the addition of —5 to that integral. The response earned the third point with

© 2018 The College Board.
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Question 2 (continued)

the answer on the right side of the equation. In part (c) the response earned the first point with the values of the
two definite integrals. The interpretation of the first integral as “the position of the particle at time ¢ = 3.5” is
incorrect. The interpretation of the second integral as “the total distance that the particle has traveled from ¢ = 0
to t = 3.5” is correct. Thus, the response earned 1 of the 2 interpretation points in part (c). In part (d) the response

did not earn the first point because xz'(t) is not set equal to v(¢). The response also incorrectly indicates “there is
not a time where the two particles are moving with the same velocity,” so the answer point was not earned.

Sample: 2C
Score: 3

The response earned 3 points: no point in part (a), 1 point in part (b), 2 points in part (c), and no points in part (d).
In part (a) the response has an attempt to use the quotient rule to find v'(3). However, the two quantities in the
numerator of the stated derivative are reversed and result in the negative of V/(¢). This error produces an incorrect
value of 2.118, so the point was not earned. In part (b) the response earned the first point with the integral

3
Jo v(t) dt. Because there is no use of the initial condition, the answer is incorrect, and no other points in part (b)

were earned. In part (c) the response earned the first point with the values of the two definite integrals. The
identifications of the first integral as displacement and the second integral as distance traveled are correct, but the
response does not reference the time interval in either case. The response earned 1 of the 2 interpretation points in
part (c). In part (d) the response has an incorrect equation that leads to an incorrect answer, so no points were
earned.

© 2018 The College Board.
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Question 3

@ f(=5)= 1)+ [ g(x)dc= 1)~ [ g(x)dx

3 (9-31)=3-(-12) 22
3 (ro-da)=ao(-12) -2

(b) JTg(x) dx = fg(x) dx + L6g(x) dx

= ."132 dx + ."362(x - 4)2 dx

2 3778 16 ( 2)
_ £y /SR L I R |
4+[3(x 4) L_3 + 3 3 0

(c) The graph of f is increasing and concave up on 0 < x < 1 and
4 < x <6 because f'(x)=g(x)>0 and f'(x) = g(x) is
increasing on those intervals.

(d) The graph of f has a point of inflection at x = 4 because

f'(x) = g(x) changes from decreasing to increasing at x = 4.

© 2018 The College Board.
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Graph of g

3. uThe graph of the continuous function g, the derivative of the function f, is shown above. The function g is

piecewise linear for —5 < x < 3, and g(x) = 2(x — 4)2 for3 <x < 6.

(@) If f(1) = 3, what is the value of f(—5)? .f(..g): —(] - ':j‘ = C]\ + ?)
§ ’(x\zcjtx\ 5): 84343
{6 :ff g(é)c”: +3
§65) =L gfeddt +3
J65)= - (Z-3(DB-(3)(3))+2

%<6

(6) Evaluate [ g(x) dx S’C Ve U +L-§' 2

9 9
y ‘JV" g 3(" S) (el [ ofaldx< 10 |
g. §(x )dx = ()2 Kf xHY dx |
Foddwtis (3eea)ly |

§ohldn= 4+ (5(8) - 301)

[ﬁﬁ;:ﬁ‘:ﬁfﬁﬁ.ﬁ%‘:‘;{,‘% T of} ~14- Continue question 3 on page 15.|
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(c) For —5 < x < 6, 0on what open intervals, if any, is the graph of f both increasing and concave up? Give a
reason for your answer.

On the kvl (O)HU( L’«)G) £ 15 beth inmqsin5 md
Concone Up since Fle)=g6x) omd g is pastive on Fhe dhat otevn! muanls
§ s inortasing on 4hat idcnal, tmd o) s inorssing $n that bt | meaning,
P50 on At inknal, hecere § 55 onoove op on that idenal

(d) Find the x-coordinate of each point of inflection of the graph of f. Give areason for your answer. A

30 ‘ﬁas 0 pofn‘} d'(‘, i‘nﬂwkim or} X= Ll SinCe, g\&)—‘ 5(7(\ mJ }
Smee, 9 Swirthes from M:ns 4 icreasing at %Y, theefore
g\‘(q]:o ot Y iooin'} q‘mj would &Lmng,'e Signs from © 40 @Q{X‘L’\

Yo XU is an infeckien poi
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3. The graph of the continuous function g, the derivative ®f the function f, is shown above. The function g is
piecewise linear for —5 < x < 3, and g(x) = 2(x — 4)2 for 3 <x<6.

| -
(@) If f(1) = 3, what is the value of f(-5) ? G 4 A > %
2

Joaldax = $(=£(9)
$-9) = >~ sqx)dn
~ 27 [BO- 1(0E) 06N
i ad i ) gl

-V 2 48 = 2400 =28

(b) Evaluatej g(x) ax.

s“gg,agy 3 L o) s
= “"’S 1()(-‘{3 Ax }%
= 4+ 3 1 wdu

T At Yrgy \! 29
2. %y 1(~-L 5 Gt g

i
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(c) For —5 < x < 6, on what open intervals, if any, is the graph of f both increasing and concave up? Give a
reason for your answer. +' i \”6 {ﬂ P 05

F 15 Incrasiny when ‘f‘(x\):a(x) {9 Pa’sH‘uvc
£ 15 Concave wp when D) =glx) 15 inneasmy

> Tk abmf"" of 15 comavt wy and nuroasing

o (0,V) v(*,06).

(d) Find the x-coordinate of each point of inflection of the graph of f. Give a reason for your answer. a

f was o v\)oi«* & inflechion  when ¥"(>D= g:)(,x) has a WroRImem
oy 'm'\n’\mu\m(]““])

F ¥4

|
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3. The graph of the continuous function g, the derivative of the function f, is shown above. The function g is
piecewise linear for =3 < x < 3, and g(x) = 2(x — 4)2 for 3 <x< 6.

(a) If £(1) = 3, what is the vaiue of f(—5) ?

2z
SO = 20w~

5
Z s
g(}\\‘_ L\L\L-\\

=

S CARE 9 Ox)

3

m)

S (-5 - 2o

(b) Evaluate LG g(x) dx.

S\q ) dx

3 U Wi%y 5 L'1 2.0
2 - =) == e
3 b 3
> Er
[32;";‘:32??ﬁ§‘212233°ﬁf.‘;‘;?? °fl -14- Continue question 3 on page 13.
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(c) bFor —S < x < 6, on What open intervals, if any, is the graph of f both increasing and concave up? Give 2
reason for your answez.

Crom 0<% £\ ong 49 4&xXL06
Yrhe graph ©F L i3 lovh inc.

Ong cONCcove up wnecoLst

) 15 Obove Fne x—0X1s (podivive)
oo Nos on ir\c\f%o\th S\OPE

(d) Find the x-coordinate of each point of inflection of the graph of f. Give a reason for your answer.
nere (s q Point of wnflection
%Y ke caust the slope of §
changes Srom dacfﬁasiha Yo ncrtosing

) (+)

ot
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Question 3
Overview

In this problem the graph of the continuous function g is provided; g is piecewise linear for —5 < x < 3, and

g(x)=2(x- 4)? for 3 < x < 6. Itis also given that g is the derivative of the function f. In part (a) students were
given that /(1) = 3 and asked for the value of f(—5). A correct response should demonstrate knowledge that 1 is

-5 -5

an antiderivative of g, so that f(-=5) = f(1) + L g(x) dx. The integral '[1 g(x) dx should then be evaluated

using properties of definite integrals and computation of areas of the regions between the graph of g and the x-axis
6

using geometry. In part (b) students were asked to evaluate L g(x) dx. A correct response should use the property

of integrals to split the interval of integration into the sum of integrals across adjacent intervals [1, 3] and [3, 6].
One of the resulting integrals can be computed using geometry and the other using an antiderivative of

g(x)=2(x - 4)2 on the interval 3 < x < 6. In part (c) students were asked for the open intervalson -5 < x < 6
where the graph of f is both increasing and concave up and to give a reason for their answer. A correct response
should demonstrate the connection between properties of the derivative of f and the properties of monotonicity and
concavity for the graph of f. The graph of fis strictly increasing where g = f” is positive, and the graph of g is
concave up where the graph of g = /" is increasing. In part (d) students were asked for the x-coordinate of each

point of inflection of the graph of f and to give a reason for their answer. A correct response should convey that a
point of inflection of the graph of f occurs at a point where the derivative of f changes from increasing to
decreasing, or from decreasing to increasing. This can be obtained from the supplied graph of g = f’, which

changes from decreasing to increasing at x = 4.

For part (a) see LO 3.2C/EK 3.2C1, LO 3.2C/EK 3.2C2. For part (b) see LO 3.2C/EK 3.2C1, LO 3.2C/EK 3.2C2,
LO 3.3B(b)/EK 3.3B2, LO 3.3B(b)/EK 3.3BS5. For parts (¢) and (d), see LO 2.2A/EK 2.2A1. This problem
incorporates the following Mathematical Practices for AP Calculus (MPACs): reasoning with definitions and
theorems, connecting concepts, implementing algebraic/computational processes, connecting multiple
representations, building notational fluency, and communicating.

Sample: 3A
Score: 9

The response earned all 9 points: 2 points in part (a), 3 points in part (b), 2 points in part (c), and 2 points in

1
part (d). In part (a) the response earned the first point with the expression —I S g(#) dt inline 3 on the left. The
second point would have been earned by the numerical expression in line 4 with no simplification. In this case,

correct simplification to 11 + % earned the second point. In part (b) the response earned the first point with the

sum of the two integrals in line 1 on the left. The second point was earned with the antiderivative expression

(%(x - 4)3) in line 3. The second point would have been earned by the numerical expression in line 4 with no

simplification. In this case, correct simplification to 10 earned the third point. In part (c) the union of intervals
“(0,1) U (4, 6)” earned the first point. The second point was earned with the reason f'(x) = g(x), “g is

positive,” and “g is increasing on that interval.” In part (d) the first point was earned by identifying the
x-coordinate of a point of inflection at x = 4. The second point was earned with the reason f"(x) = g(x) and

“g switches from decreasing to increasing at x = 4.”

© 2018 The College Board.
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Question 3 (continued)

Sample: 3B
Score: 6

The response earned 6 points: 2 points in part (a), no points in part (b), 2 points in part (c), and 2 points in part (d).
1

In part (a) the response earned the first point with the expression I S g(x) dx inline 1. The second point would

have been earned by the numerical expression in line 3 with no simplification. In this case, correct simplification

6
to 2—25 earned the second point. In part (b) the integral expression 3(3) + L 2(x) dx in line 1 did not earn the first

3 6
point because .[1 g(x) dx = 4, not 9. This response used substitution of variables to write L 2(x —4)* dx inan

equivalent form. The antiderivative in line 4 is incorrect, and the response did not earn the second point. As a
result of this error, the response is not eligible for the answer point. In part (c) the union of intervals

“(0,1) U (4, 6)” earned the first point. The second point was earned with the reason “ f'(x) = g(x) is positive”
in line 1 and “ f'(x) = g(x) is increasing” in line 2. In part (d) the first point was earned by identifying the
x-coordinate of a point of inflection at x = 4. The second point was earned with the reason “ f'(x) = g(x) hasa
maximum or minimum (local).”

Sample: 3C
Score: 3

The response earned 3 points: no points in part (a), 1 point in part (b), 1 point in part (c), and 1 point in part (d). In
part (a) an integral expression is not presented nor is its numerical equivalent, so the first point was not earned.
The value given for f(—5) is incorrect, so the second point was not earned. In part (b) the response did not earn

6
the first point because '[1 g(x) dx is not written as the sum of two integrals or the equivalent. The second point

was earned with the antiderivative expression in line 2. Because the second point was earned, the response is
eligible for the third point. The answer is incorrect, however, so the third point was not earned. In part (c) the first
point was earned with the intervals “0 < x < 1 and 4 < x < 6.” Although “ /" is above the x-axis” is a valid
reason for why £ is increasing on those intervals, f” “has an increasing slope” is not a valid reason to explain
why the graph of f is concave up on those intervals. The second point was not earned. In part (d) the first point
was earned by identifying the x-coordinate of a point of inflection at x = 4. “The slope of f’ changes from
decreasing to increasing” is not a valid reason to explain why the graph of f has a point of inflection at x = 4, so
the second point was not earned.
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Question 4

(a) H'(6)~ H(T)-H(5) _11-6 _5

7-5 2 2

H'(6) is the rate at which the height of the tree is changing, in meters
per year, at time ¢ = 6 years.

v 2O HE) 622,

Because H is differentiable on 3 <t <5, H is continuouson 3 <¢ < 5.

By the Mean Value Theorem, there exists a value ¢, 3 < ¢ < 5, such that
H'(c) = 2.

(c) The average height of the tree over the time interval 2 < ¢ < 10 is given

1 10
by = 2I2 H(t)dt.

1 10 1(15+2 . . 2+6 . 6+11 . 11+15
§J-2H(t)dt~§( e T Rt s -3)
1 263
= g(63.75) = 2=

The average height of the tree over the time interval 2 <7 <10 is

263
—— meters.

32

d) G(x)=50 = x=1

d 4 & (1+2)100-100x1 dr 100 dr
E(G(x)) - dx(G(x)) dt (1+x) dr (1+x)° dt

4Gyl =19 _903=3
di -

(1+1) 4

According to the model, the rate of change of the height of the tree with

respect to time when the tree is 50 meters tall is % meter per year.

© 2018 The College Board.

5. 1 : estimate
" | 1 : interpretation with units
H(5) - H(3)
1: 53
2:

1 : conclusion using
Mean Value Theorem
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" | 1 : approximation

d
;. { 2: 4 (G(x)

1 : answer

Note: max 1/3 [1-0] if
no chain rule
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4. The height of a tree at time ¢ is given by a twice-differentiable function H, where H(t) is measured in meters
and r is measured in years. Selected values of H(t) are given in the table above.

(a) Use the data in the table to estimate H’(6). Using correct units, interpret the meaning of H’(6) in the
, AR B RV (-0m) S cakers
ADR —L&—Qa 3 -9) E T—%)z 2 S
£ e ab oohiche Haa e 13/
= : {
When G= 6 NS Moo v Cdr Coipre _
OS"UV‘"\"J’) ‘e H‘Le\ WA Xers ‘?U‘ ub;c.a_r

———

context of the problem.

(b) Explain why there must be at least one time ¢, for 2 < 7 < 10, such that H’(¢) = 2. )\4 jn bl{
Bo Haw MNT, as HEE i continucns sk A TFeoenniasl
RS2 GO o) I NUSGIE S, WG . S N I

£ Hlwe erteie o L TN on e

24O T b os
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NO CALCULATOR ALLOWED

(c) Use a trapezoidal sum with the four subintervals indicated by the data in the table to approximate the
average height of the tree over the time interval 2 < ¢ < 10.

To*b.\\,\u%)/\‘ri J_;_( { (\.§+1\)+'L(1+6\+2(6+(\3«-
2 (0+1SY )

B e T e e e

—

M\»&'\C’)\"k% \ Aokl = -\-%— x—\i ( 1.3* ZC%B*-LUm

\Oy Ty W

MRS X

: . s o sy 100x
(d) The height of the tree, in meters, can also be modeled by the function G, given by G(x) = 1— , Where -
i ' ) ‘ , . +x
x is the diameter of the base of the tree, in meters. When the tree is 50 meters tall, the diameter of the
base of the tree is increasing at a rate of 0.03 meter per year. According. to this model, what is the rate of

change of the height of the tree with respect to time, in meters per year, at the time when the tree is

{ OCOx

= X e
e (7(_ x)=S0 '%e-— 0.07% /oé’

. S 1 e
(p((’ﬂ: (co %\CHX\ - C"’;/"e\ 0O X

50 meters tall?

(QCX\ =

o x 0.0% ()= 002x\00
ClexN*® \0O x £

|

Y

ox = ok |

SO-—‘:’Jr: = FOU+) = (2o (—7’; - |2 M/W)
=S (=% %=\ '
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4. The height of a tree at time ¢ is given by a twice-differentiable function H, where H(r) is measured in meters
and ¢ is measured in years. Selected values of H(t) are given in the table above.

(a) Use the data in the table to estimate H’(6). Using correct units, interpret the meaning of H’(6) in the
context of the problem.

H'(6) -

A i) NG [Bren,, ]
B 2 a :

H(6) 15 +he vate Mat e hre s c(]fvww\.%)‘m NEAHAT Per
Utowr, ot += ( Years.

.

(b) Explain why there must be at least one time r, for 2 < t < 10, such that #’(¢) = 2.

H 1S wiee - difRansiaiie , WO ongting 1418 (k5o (ovihapnsaois,
ﬂ’\ﬁ/"{:(ﬂ‘(t, ‘\N \J\VT ?\A.W*M*CQS —H{\ ot H ) 2 Sin.Ce
}

H IS - Hiz)

o -2 "~ @

Unauthorized copying o reuse of -16- Continue question 4 on page 17.
any part of this page Is lllegal. =

© 2018 The College Board.
Visit the College Board on the Web: www.collegeboard.org.




NO CALCULATOR ALLOWED

(c) Use a trapezoidal sum with the four subintervals indicated by the data in the table to approximate the
average height of the tree over the time interval 2 < ¢ < 10.

") \ - ' 1+ i
(P22 + () ¢ (2 [(EFM (57

|6 34. . 78
3;:2 +r 2 ™5 s
2 . T, )
3 1.5 it J
; . . . 100x
(d) The height of the tree, in meters, can also be modeled by the function G, given by G(x) = R where

x is the diameter of the base of the tree, in meters. When the tree is SO meters tall, the diameter of the
base of the tree is increasing at a rate of 0.03 meter per year. According to this model, what is the rate of

change of the height of the tree with respect to time, in meters per year, at the time when the tree is

50 meters tall? 5D - _\_‘29..).(_
d6 (\+ wz‘r(%o&)a:E (\ooy\(%’ﬂ v+ X
T 3 S0 1+ W=\
(1) { 0 O¥%
+50oY = d
(V40 (oo (2.0~ (1oo03)0.03) Cp= 50y
T Ci+ oY % =\
VBV -3 - L .
U e T "7:,, /u,em
Unas st apn ot ol e GO ON TO THE NEXT PAGE.
© 2018 The College Board.

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



4 [ 4 TE 4 IE 4 8

NO CALCULATOR ALLOWED %0

18 2
t
sl 2 @S |7 ] e
H() \
o8 | 2 ) | 1T TS

4. The height of a tree at time ¢ is given by a twice-differentiable function H, where H(t) is measured in meters
and 1 is measured in years. Selected values of {{(z) are given in the table above.

(a) Use the data in the table to estimate H’(6). Using correct units, interpret the meaning of /’(6) in the

)

v\\\%\) \S \:\(\& C(s\(e., n W\\z\u;(, " w\\\,;\,\ e \\QA%%\‘ G'F

context of the probiem.

\\\k‘%\; W - WY - W -6

et I ———
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il

L
d
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(b) Explain why there must be at least one time 1, for 2 < ¢ < 10, such that &'(1) = 2.
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(c¢) Use a trapezoidal sum with the four subintervals indicated by the data in the table to approximate the
average height of the tree over the time interval 2 < ¢ < 10.

U (s +2) « Yol 2ee) e )2« h(nes)3

- Ei*% + 177+ DY
e

I T R .
. 7 2. 2. 4
- (\3s
=

100x
+Xx

(d) The height of the tree, in meters, can also be modeled by the function G, given by G(x) = , where
x is the diameter of the base of the tree, in meters. When the tree is SO meters tall, the diameter of the
base of the tree is increasing at arate of 0.03 meter per year. According to this model, what is the rate of

change of the height of the tree with respect to time, in meters per year, at the time when the tree is

50 melters tall? T -

2
Bz bk 4 T AN
A= dh T\(Q\{Sz

Box \ 5
=R )l )
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(1exyf00y = 107
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Question 4
Overview

The context of this problem is a tree, the height of which at time ¢ is given by a twice-differentiable function H,
where H(¢) is measured in meters and ¢ is measured in years. Selected values of H(t) are provided in a table. In
part (a) students were asked to use the tabular data to estimate H'(6) and then to interpret the meaning of H'(6),
using correct units, in the context of the problem. The correct response should estimate the derivative value using a
difference quotient, drawing from data in the table that most tightly bounds ¢ = 6. In part (b) students were asked to
explain why there must be at least one time ¢, for 2 < ¢ < 10, such that H'(¢) = 2. A correct response should
demonstrate that the Mean Value Theorem applies to H on the interval [3, 5], over which the average rate of
6—2
2
the four subintervals indicated by the data in the table to approximate the average height of the tree over the time
interval 2 < ¢ <10. A correct response should demonstrate that the average height of the tree for 2 < ¢ <10 is
given by dividing the definite integral of H across the interval by the width of the interval. The value of the integral

change of H (using data from the table) is = 2. In part (c) students were asked to use a trapezoidal sum with

10
I ) H(t) dt is to be approximated using a trapezoidal sum and data in the table. In part (d) students were given

}(i—oz, where x is the diameter of the base of the tree, in
meters. It is further given that when the tree is 50 meters tall, it is growing so that the diameter at the base of the tree
is increasing at the rate of 0.03 meter per year. Using this model, students were asked to find the rate of change of
the height of the tree with respect to time, in meters per year, at the time when the tree is 50 meters tall. A correct
dG _dG dx
dt — dx dt

another model for the tree’s height, in meters, G(x) =

. The derivative expression ac can be obtained

response should apply the chain rule to obtain that I

from the given expression for G(x) using derivative rules (e.g., the quotient rule) and the value of % at the instant

in question provided in the problem statement.

For part (a) see LO 2.1B/EK 2.1B1, LO 2.3A/EK 2.3A1, LO 2.3A/EK 2.3A2. For part (b) see LO 2.4A/EK 2.4A1.
For part (c) see LO 3.2B/EK 3.2B2, LO 3.4B/EK 3.4BI1. For part (d) see LO 2.1C/EK 2.1C3, LO 2.1C/EK 2.1C4,
LO 2.3C/EK 2.3C2. This problem incorporates the following Mathematical Practices for AP Calculus (MPACs):
reasoning with definitions and theorems, connecting concepts, implementing algebraic/computational processes,
connecting multiple representations, building notational fluency, and communicating.

Sample: 4A
Score: 9

The response earned all 9 points: 2 points in part (a), 2 points in part (b), 2 points in part (c), and 3 points in

(11-6)
(7-5)

part (d). In part (a) the response would have earned the first point for with no simplification. In this case,

correct simplification to % earned the point. Although not required for the first point, the answer includes the

correct units of “meters/years” which is considered for the second point. The response earned the second point for
the interpretation that includes the three necessary elements: an interpretation of H' as a rate in the context of the
tree, correct units of meters per year, and an interpretation of the input “6” as the moment in time of ¢ = 6 years.
H(5) - HQ)
(5-3)

first point does not require the substitution of function values and simplification that follows; this work is

In part (b) the response earned the first point for the difference quotient that appears in line 4. The

© 2018 The College Board.
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Question 4 (continued)

considered in the context of the second point. The response earned the second point for the explanation using the
Mean Value Theorem (MVT) and the difference quotient on the interval [3, 5]. The response explicitly states in
line 1 that H(¢) is continuous which is necessary to earn the point. The units displayed are correct but not
required to earn either the first or second points. In part (c¢) the response earned the first point for the trapezoidal
sum labeled “Total height” with no simplification. The response earned the second point with the boxed answer

with no simplification. Note that both points were earned in part (c¢) without simplification of numerical answers.
The units given with the average height are correct but not required to earn the second point. In part (d) the

100—(l+) ( )100
. The use of

response earned the first 2 points with the correct derivative in line 2: ( )
1+ x

G'(x) rather than dd—? notation does not impact the points earned. The response would have earned the third
100 x 0.03(2) — 0.03 x 100
4
third point. The response includes correct units that are not required to earn the third point.

with no simplification. In this case, correct simplification to 3 earned the

point for )

Sample: 4B
Score: 6

The response earned 6 points: 2 points in part (a), no points in part (b), 1 point in part (¢), and 3 points in part (d).

6 with no simplification. In this case, correct

In part (a) the response would have earned the first point for 1 2_

simplification to % earned the point. Although not required for the first point, the answer includes the correct

units of meters/year which is considered for the second point. The response earned the second point for the
interpretation that includes the three necessary elements: an interpretation of H' as a rate in the context of the
tree, correct units of meters per year, and an interpretation of the input “6” as the moment in time of ¢ = 6 years.
In part (b) the response did not earn the first point because the difference quotient does not use the interval [3, 5]

that results in a secant slope of 2. The response did not earn the second point because, although the Mean Value
Theorem (MVT) is cited along with the continuity of H, there is no explanation connecting the Mean Value
Theorem to the values of H(¢) in the table. In part (c) the response earned the first point for the trapezoidal sum

in line 1 with no simplification. The arithmetic and simplification that follow are considered for the second point.
The second point was not earned because the sum is not multiplied by % to find the average height of the tree on

the interval [2, 10]. In part (d) the response earned the first 2 points with the correct derivative in line 1 on the

o x)(lOO ) (100x )( t)
dr (1+ x)
(1+10000.03)) - 100(D)(0.03
1+ 1)

left: . The response would have earned the third point for

in line 2 on the left with no simplification. In this case, correct simplification

to % earned the third point. The response includes correct units that are not required to earn the third point.
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Question 4 (continued)

Sample: 4C
Score: 3

The response earned 3 points: 1 point in part (a), no points in part (b), 1 point in part (c), and 1 point in part (d). In

6 with no simplification. In this case, correct

part (a) the response would have earned the first point for 171 —

simplification to % earned the point. The response did not earn the second point because the interpretation of

H'(6) does not include an interpretation of the input “6” as the moment in time of ¢ = 6 years. In part (b) the
response did not earn the first point because no difference quotient is given. The response is not eligible for the
second point because the explanation given does not reference the interval [3, 5] that results in the secant slope of
2. Although the hypotheses of the Mean Value Theorem are stated, the conclusion is not. In part (c) the response
earned the first point for the trapezoidal sum in line 1 with no simplification. The arithmetic and simplification
that follow are considered for the second point. The response did not earn the second point. There is an arithmetic

error in line 3, and the sum is not multiplied by % to find the average height of the tree on the interval [2, 10]. In

part (d) the response earned 1 of the first 2 points for the correct derivative of G with respect to x in line 2 on the
right. Because the derivative does not include the chain rule, the response is not eligible for additional points in
part (d).
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Question 5
(a) The average rate of change of f on the interval 0 < x < 7 is 1 : answer
f(7) - f(0) _—e -1
7 -0 T
(b) f'(x)=e"cosx—e'sinx 2'{1:f'(x)
f,(3_7f) _ A2 cos(3—”) N e37z/2sin(3_77) _ A2 1 : slope
2 2 2
. _ 37 .. a2
The slope of the line tangent to the graph of f at x = > 1s e =,
) f'(x)=0 = cosx—sinx=0 = x:%,x:STﬂ- l:sets f'(x)=0
1 : identifies x = £, x = Ru
x f(X) 3: 4 4
as candidates
0 ! 1 : answer with justification
z L i
4 )
sz L e
5 )
272' 827[
The absolute minimum value of fon 0 < x < 27 is —%eS”/“.
@ xgrf?/zf(x) =0 1: g is continuous at x = %
B i< differentiabl ) . 3 - and limits equal 0
ecause g is di c:[ren iable, g is continuous. 1+ applies L*Hospital's Rule
xli)rgzg(x) = g(i) =0 1 : answer
By L’Hospital’s Rule, Note: max 1/3 [1-0-0] if no limit
. f(x) . (%) "2 notation attached to a ratio of
x_1m/2 g(x) = x—1>r7?/2 <'(x) =75 derivatives
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50

Lot

‘5. Let f bethe function defined by (%) = e*cos x.

(a) Find the average rate of change of f.oh th’ev‘i’n_te'rval 0Lx<rx.

[P0 ) f0) o e
Y o e ol

7~ P

it o

(b) What is the slope of the line tangent to the graph of f at x = 37” ?

Ae

T T ey *a%( ~ginx)

= et (oo R ~aginx \ ,

[Unauthorized copying or reusﬂ -18- Continue question 5 on page 19.
any part of this page is illegal. c
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2062

(c) Fmd the absoluze minimum value of f on theinterval 0 £ x < 2x. Justlfy your answer.

«?"(ﬂ e, L@OSY-@W\ LD —-ae%c) a¥ o= s\wx

P Wen s, & declvetive d"o "‘3
From M "“w&t"“‘““-’ oo vt e
Pt § Sk a hsSn
s Sa g°>s\\>\2 i A %K“h i I
< e \ e Ry B2} &) uefw-(.g:)
saM "H it oy, mﬁcmw whe of & L d
g\m e < ‘[) e e $0V+Q.

ww«\\v«u\m a€ &}(ﬂ PPN @é__xé_z:n, (s ﬁ. S‘m/ﬁ\

(d) Let g be a differentiable function such that g(—g-) = 0. The graph of g’. the derivative of g, is shown

X .
below. Find the value of lim f(x) or state that it does not exist. Justify your answer.

w-nf2 8(x)
y
2‘r |
<L
SRR
G Ed w 32 1
v R
Graph of g’
No’m \\m (5&%13"0% 3&\ o Aferh uz(w,l Hhos M‘Maua)Jm(
ﬁ('}f\ao Akn (7“‘\'* }* O\ o MJ'G(A\H wﬁwj
6o \\M L e @ Sa \ijn{’\-‘w ’s. ruk_
AT

r
Q lbf’\\ R«’Z(mu 5 —en

W ( £ \’A\ Vi 73
..;7" (‘f\ &(:"‘“};
AT A 5 3
Unaulhoriz'eﬁ copying or reuse of | -19- GO ON TO THENEXT PAGE.
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5. Let f be the function defined by f(x) = e*cos x.

(a) Findthe averagerate of change offon theinterval 0 € x < .

AT \ f,-ib_;\
g&ﬂ:_rl’-—fﬁ’— T T

(b) What is the slope of the line tangent to the graph of f at x = 37” ?
K Lx‘;, ~dgink x ¢ oo%
S ""‘/‘L
ol /1
S\Z ( \FE

'S

ol [

Unauthorized copying or reuse ot -18-
any part of this page is illegal.
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(c) Fmd the absolute minimum valug of f on the interval 0 < x < 27%. Justxfy your answer.

Pinle —€ "X+ L e =0 Ty = |
» % 4 Tnxs J@wﬁvf Sewr)= 9% |
;i“‘f‘“ﬁ“ Ry

“!H

M)

E

[ A
W

Wﬁr\e ﬁbébtwoﬁ Wmmmm vme '\“S

;vm.g

Vawits am& 5«("’%) > S}w) s and ST

L

(d) Let gbea dlffcrennable function such that g =] =0. ’I'he graph of g’, the derivative of g, is shown
or state that it does not exist. J ustify your answer.

below. Find the value of Hm %
2 8\
[>1
%w fo L™,
1- ~
gv@ﬁ'f@.—n | VNN NENE -
; N R E"
| B NE R |
i
Graph.ofgl'
-19- GO ON TO THE NEXT PAGE.
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5. Let f be the function defined by f(x) = e*cos x.
-LQ i ﬁb
(a) Find the average rate of change of f-on the interval 0 < x < 7.

Q,-|

Hf(ﬂ d 0) I M)

T-0

(b) What is the slope of the line tangent to the graph of f at x = 3?” ?
ﬂ-") ‘r’i oy ( “5)
\
-0 Pl eofd- el
, T 1 z;r:)
PLE): & (o,cf“;b— Sl =

€
] 27
o) =e=(1)
=
- .‘ e
Whauthorizedicopiiaghopreemiy -18- Continue question S on pagé 19.
any part of thie page ie lllegal.
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(c) Find the absolute minimum value of f on the interval 0 < x < 27 ..Justify your answer. .

-r "(x)= e fa.)fm)- e S"\(x)

x (ro)l.x) 5‘"(")> ©

“( G(V%LJ“’ i vl B b ‘F ()= 0 ad thtne,
Fyns bom @ 10 ®

(d) Let g be a differentiable function such that g\(-g-) ‘=.‘.0-:Thé gréb}, of g:'f,:t;}jg'j’deﬁi{anve of gisshown

below. Find the value of lim %) or state that. it does not emst Justify your answer.
x—=7[2 glx)y &
y Vi f o FUE) == |
ﬂl . )(-q,
1 i~ {M 3
VT T 2 aeaigd= 2
oL T —X 2V I) O
3 7 3 . A
-1 D o e i) : %" S
o Graph of g’ g ] o
bvmﬁwah I.i_rv.\‘ , ﬂ'_x)_ g g
X% I e

:b/c '(};\L

GO ON TO THE NEXT PAGE.
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Question 5

Overview

In this problem the function f is defined by f(x) = e* cos x. In part (a) students were asked for the average rate of
change of f on the interval 0 < x < 7. A correct response should demonstrate that the average rate of change is

found using a difference quotient, W In part (b) students were asked for the slope of the line tangent to

the graph of f at x = 37” A correct response should use the fact that the slope of the tangent line is the value of the

derivative of /" at the indicated point. The given expression for f(x) can be differentiated using the product rule. In
part (c) students were asked to find, with justification, the absolute minimum value of f on the interval 0 < x < 27.
The Extreme Value Theorem guarantees that f attains a minimum on the interval 0 < x < 27. Candidates for
locations of this minimum value are the endpoints of the interval and critical points for f inside the interval. In this
case, f is differentiable, so critical points are the two zeros of f', x = % and x = ST” The absolute minimum
value of fis the least of the values of f at the four candidates. In part (d) it is given that g is a differentiable

b3

function such that g( >

) = 0, and the graph of the derivative of g for 0 < x < 27 is supplied. Students were asked

to find the value of lim J(x) ,
x—/2 g(X)

confirmation that the requested limit is an indeterminate form to which L’Hospital’s Rule applies. The numerator,

if it exists, and to justify their answer. A correct response should start with a

f(x), has limit 0 as x — 1, using limit properties and continuity of the exponential and cosine functions. Because

g is differentiable, it is continuous, so the limit of the denominator, g(x), can be computed by substitution, yielding
1in} ) g(x) = 0. After the indeterminate form is confirmed, applying L Hospital’s Rule leads to the limit
—7T

lim M, which can be evaluated using properties of limits and the provided graph of g'.
x—r/2 g'(x)

For part (a) see LO 2.1A/EK 2.1A1. For part (b) see LO 2.1C/EK 2.1C3, LO 2.3B/EK 2.3B1. For part (c) see
LO 1.2B/EK 1.2B1, LO 2.2A/EK 2.2A1. For part (d) see LO 1.1C/EK 1.1C3, LO 2.2B/EK 2.2B2. This problem
incorporates the following Mathematical Practices for AP Calculus (MPACs): reasoning with definitions and
theorems, connecting concepts, implementing algebraic/computational processes, connecting multiple
representations, building notational fluency, and communicating.

Sample: 5A
Score: 9

The response earned all 9 points: 1 point in part (a), 2 points in part (b), 3 points in part (c), and 3 points in
part (d). In part (a) the response presents a difference quotient and would have earned the point for

V4 0
- 0. .. . L . . . . —" —
¢ cos ﬂ” € 957 inline 1 with no simplification. In this case, correct simplification to e —1 earned the
. . d . .
point. In part (b) the response would have earned the first point for d_§ = e’ cos x + e" (—sin x) in line 1.

Responses that go on to factor must do so correctly. The response earned the point with the derivative expression

factored correctly to e* (cos x — sin x). The response would have earned the second point for the slope
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Question 5 (continued)

37/2

e>l? (0 —(-1)) in line 3 with no simplification. In this case, correct simplification to e earned the point. In

part (c) the response earned the first point with f'(x) = e* (cos x — sin x) = 0 in line 1. The response earned the

second point for identifying x = % and x = ST” as candidates in line 2 on the right. The response earned the

£65ﬁ/4

third point for the absolute minimum value of — and the global argument appealing to the behavior of

f(x) on the entire interval. The candidates test is used to justify that the minimum value is the only negative

extreme value on the interval. In part (d) the response earned the first point by stating that g(x) is continuous in

line 1 and showing in lines 1 and 3 that lim (g(x)) =0 and lim f(x) = 0. The response earned the second
x—>/2 x—>r/2

point for a limit attached to a ratio of derivatives lin} 2( j; ,83) in the last line. The third point was earned for the
X7
_ e/r/ 2
answer —
Sample: 5B
Score: 6

The response earned 6 points: 1 point in part (a), 2 points in part (b), 1 point in part (¢), and 2 points in part (d). In

" -1

part (a) the response presents a difference quotient and would have earned the point for in line 1. In this

v
case, the rewriting of the expression as —% - % earned the point. In part (b) the response earned the first point

for f'(x) = —e"sin x + " cos x. The response would have earned the second point for the slope

f '(37”) = ¥ 2(=1) + /2 (0) in line 2 with no simplification. In this case, correct simplification to >/

earned the point. In part (c) the response earned the first point with f’(x) = —e” sin x + ¢* cos x = 0. Because the

response does not identify both x = Z and x = 7 as candidates, the second point was not earned. The third

4 4

. 2e_”/ 4 . .. ..
point was not earned because s not the absolute minimum value of f on 0 < x < 27. Additionally,
X = —% is not in the interval. In part (d) the response did not earn the first point because the conditions that g is
continuous and that lim f(x) = lim g(x) = 0 are not verified. The response earned the second point in line 1

x—r/2 x—>rf2
. . o . (%) . o2
for a limit attached to a ratio of derivatives lim “->—=. The third point was earned for the answer — .
x—>7/2 g'(x) 2

Sample: 5C
Score: 3

The response earned 3 points: 1 point in part (a), 1 point in part (b), 1 point in part (c), and no points in part (d). In
e” cos(z) — € cos(0)

part (a) the response presents a difference quotient and would have earned the point for p=
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Question 5 (continued)

V2
in line 1 with no simplification. In this case, correct simplification to e —1

earned the point. In part (b) the

response earned the first point for f'(x) = e* cos(x) — e* sin(x) in line 1 on the right. The response would have

earned the second point for the slope f '(37”) = &% cos (37”) — & ?sin (37”) in line 2 on the right with no
37/2

simplification. In this case, incorrect simplification to —e did not earn the point. In part (c) the response

earned the first point with f'(x) = e* cos(x) — e" sin(x) = 0. Because the response does not identify both

X = % and x = ST” as candidates, the second point was not earned. The third point was not earned because an

absolute minimum value with a global argument is not presented. In part (d) the response did not earn the first

point because the conditions that g is continuous and that lim f(x) = lim g(x) = 0 are not verified. The
x> 2 x—>7f2

second point was not earned because there is no limit attached to a ratio of derivatives. A maximum of 1 point can
be earned in part (d) for responses with no limit notation attached to a ratio of derivatives. As a result, the
response is not eligible for the third point.
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Question 6
(a) y _ [ 1:solution curve through (0, 2)
~N~~——— — " | 1:solution curve through (1, 0)
2 Curves must go through the indicated
R points, follow the given slope lines, and
N\ ] extend to the boundary of the slope field.
NN N NN~ —~—- /7 7/
\NNNNNSN~F =2 fp /77 7]
\\ ‘\ \\ \\ \\ 0 /I /I II ll Il - -x
VAN NANANANNYNTFT ALl 7070011
VY VYANANNNNST A7 70
Py v v NN
VY v v v N NN 22 0
vy v NN NN
1 T T O W WO WA V2 A A B I O I
(T T O O WO O 2 A Y A I I
Py v v v yN+/72010 101111
(b) % = § 5 1 : equation of tangent line

(X, y):(l’ 0)
An equation for the line tangent to the graph of y = f(x) at

" | 1 : approximation

x=1 isyzé(x—l).

fmj)z§m7—0=—04

(c) % = %x( y-2) 1 : separation of variables
o 4 2 : antiderivatives
J—yz = f%x dx 5: 4 1:constant of integration
(r-2) and uses initial condition
y___12=%x2+c 1 : solves for y
% = % +C = C = % Note: 0/5 if no separation of variables
2
__12 = %xz t3= X 6+ 2 Note: max 3/5 [1-2-0-0] if no constant of
Y . integration
y=2-
x*+2

Note: this solution is valid for —00 < x < 0.
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6. Consider the differential equation Ey =% (y — 2)%
i
(a) A slope field for the given differential equation is shown below. Sketch the solution curve that passes
through the point (0, 2), and sketch the solution curve that passes through the point (1, 0).
.\I
N e e e e — - j _____ e
e N =
_________ e
N N N = e e - - - - — 7 |
NN NSNS~ —-— -~ -~ v '
N AR NN Noow i o, 7l 1
NN NN NSt L o
‘\ . ‘\ ‘» \\ O - l, I'I [I l‘ 7’ X '
\\\\\Ny(//////
VAANANNNSNGEZ 20T 1 a7
LA A Y NNz /s70d 18T D
Eled XN Y 38T T4
I TR T T W O\ W VR S /A R i S [ (O
ll\l\\\\*r//lil!ll
b g LA N L ek
P Vel BN o ni |
|
|
- i
(b) Let y = f(x) be the particular solution to the given differential equation with initial condition f(1) = 0. ‘
Write an equation for the line tangent to the graph of y = f(x) at x = 1. Use your equation to I
approximate f(0.7).
| < _ N2 I
\/:W\T(X—O+O mT:—-'\ O-1)
> |
Y= s (- S5 |
Ho.2) = 4y (O,w) =4l }
”~ {“{/ e
R B! fo }
2 i . =R
/| s~ /S '
lg:;\;;h:;iﬁglgtg);:gﬁr“;;ﬁﬂ -20- Continue question 6 on page 21.
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du = dki J
qu !
— S % A X
-
-1, = £Z> ey
= 3 =
) y &
— — - gl +C
(y-2> e
. 2 -1
pcivﬁi o I SR B 3/4,’[/@ = %, 7
y:0 C = ) /b
e =1 A
_— g Ol +}/g
V-2 b
- 2 4
o = ’f,_ - /2
S
5 ‘ V\ /
7
_ b
Y- -
“L%0)
b
Y z + 2
(4242
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dy
6. Consider the differential equation E =

(a) A slope field for the given differential equation is shown below. Sketch the solution curve that passes
through the point (0, 2), and sketch the solution curve that passes through the point (1, 0).

¥

e | i S
< ----- » -

NNNNSNSN—w )T —— - s
NNNNNNSN~A—r 7 /7 /
AV N X Rtk 3 0 0
‘\‘\ ‘\ ‘l‘\\" 1’ l/—ljl’ II x
Vv AT
FATV VAN DT )
(N WU W R W = 7 72 MY L Y
R VI A
EL AN A N7 29 19 11
EEEEE R NI
AREEREEY & ¢t
EEEEREEE E AN NEER

(b) Let y = f(x) be the particular solution to the given differential equation with initial condition (1) = 0.
Write an equation for the line tangent to the graph of y = f(x) at x = 1. Use your equation to
approximate f(0.7).
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(c) Find the particular solution y = f(x) to the given differential equation with initial condition f(1) = 0.
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(//6/ Consider the differential equation d—i = 3 (y — 2)2.

(a) A slope field for the given differential equation is shown below. Sketch the solution curve that passes
through the point (0, 2), and sketch the solution curve that passes through the point (.1, 0).
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(b) Let y = f(x) be the particular solution to the given differential equation with initial condition f(1) = 0.
Write an equation for the line tangent to the graph of y = f(x) at x = 1. Use your equation to

approximate f(0.7). : l,{
. 7 - /?)' < m +b
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AP® CALCULUS AB
2018 SCORING COMMENTARY

Question 6
Overview
This problem deals with the differential equation % = %x( y- 2)2 . In part (a) students were given a slope field for

the differential equation and asked to sketch solution curves corresponding to solutions that pass through the points
(0, 2) and (1, 0). A correct response should be two sketched curves that pass through the indicated points, follow

the given slope lines, and extend to the boundaries of the provided slope field. In part (b) students were given that a
solution f satisfies f(1) = 0 and asked to supply an equation for the line tangent to the graph of f at x = 1.

Students were then to use this equation to approximate f(0.7). A correct response should use the fact that the slope

of the tangent line is the value of the derivative of f at the indicated point, and this value can be computed from
substitution of (x, y) = (1, 0) in the differential equation. Combining the slope and the point (1, 0) gives the

tangent line equation y = %(x —1); substituting x = 0.7 into this equation gives the requested approximation for

£(0.7). In part (c) students were asked to find the particular solution y = f(x) to the given differential equation

that satisfies f(1) = 0. A correct response should employ the method of separation of variables and use the initial
6

242

condition /(1) = 0 to resolve the constant of integration to arrive at the solution f(x) =2 —

For part (a) see LO 2.3F/EK 2.3F1. For part (b) see LO 2.3B/EK 2.3B2. For part (c) see LO 3.3B(a)/EK 3.3B5, LO
3.5A/EK 3.5A2. This problem incorporates the following Mathematical Practices for AP Calculus (MPACs):
reasoning with definitions and theorems, connecting concepts, implementing algebraic/computational processes,
connecting multiple representations, building notational fluency, and communicating.

Sample: 6A
Score: 9

The response earned all 9 points: 2 points in part (a), 2 points in part (b), and 5 points in part (c). In part (a) the
response earned the first point with the solution curve y = 2 drawn through the point (0, 2). The response earned

the second point with the solution curve through (1, 0) that follows the slope lines and extends to both boundaries

of the slope field. In part (b) the response earned the first point with the tangent line equation y = %(x —1). The
response would have earned the second point for f(0.7) = %(0.7 —1) with no simplification. In this case, correct

simplification to —% earned the point. In part (c) the response earned the first point with a correct separation of

dy

2
(y-2)
. 1 X2
antiderivatives — -2

(y-2) 6
antiderivatives in line 4 and for substituting 1 for x and 0 for y in line 5. The response earned the fifth point by

presenting a correct solution, y = 6 + 2.

—(x2 + 2)

variables in line 1, = f%x dx. The response earned the second and third points with the correct

+ C in line 4. The response earned the fourth point by both including C with the
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AP® CALCULUS AB
2018 SCORING COMMENTARY

Question 6 (continued)

Sample: 6B
Score: 6

The response earned 6 points: 1 point in part (a), 1 point in part (b), and 4 points in part (c). In part (a) the
response earned the first point with the solution curve y = 2 drawn through the point (0, 2). The response did
not earn the second point because the curve through (1, 0) does not follow the slope lines correctly from the left
boundary to the right boundary of the slope field. In part (b) the response earned the first point with the tangent

line equation y = %(x —1) inline 1 on the right. The response would have earned the second point for the
approximation y = %(7 —1) in line 2 on the right with no simplification. In this case, incorrect simplification to

g did not earn the second point. In part (c) the response earned the first point with a correct separation of

variables in line 2, I (y- 2)72 dy = J%x dx. The response earned the second and third points with the correct

antiderivatives —(y — 2)_1 = %xz + C in line 3. The response earned the fourth point with both the constant of

+ C in line 5. The response does

integration in line 3 and for substituting 1 for x and 0 for y resulting in % = %

not correctly solve for y = f(x), so the fifth point was not earned.

Sample: 6C
Score: 3

The response earned 3 points: 1 point in part (a), 2 points in part (b), and no points in part (c). In part (a) the
response earned the first point with the solution curve y = 2 drawn through the point (0, 2). The response did

not earn the second point because the curve through (1, 0) does not follow the slope lines correctly. In part (b) the

response earned the first point with the tangent line y = %x — % in the box on the right. The response would have

earned the second point for y = %(7) - g below the box on the right with no simplification. In this case, correct

simplification of the approximation to f(.7) = —% earned the second point. In part (¢) the response does not

separate the variables. The response is not eligible for any points in part (c).
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